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8.0 ACCIDENT ANALYSIS 


Previous sections have identified and discussed features important to safety (ITS). This section identifies 
and analyzes a range of credible and non-credible accident occurrences (from minor events to design 
basis accidents). They include normal and off-normal events and accident design events identified by 
American National Standards Institute/American Nuclear Society (ANSI/ANS) 57.9, as applicable to the 
Idaho Spent Fuel (ISF) Facility. U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 3.48 
specifies that the four event types in ANSI/ANS 57.9 be addressed (Refs. 8-1 and 8-2). Design Events I 
and II consist of normal and off-normal events expected to occur routinely or to occur approximately once 
per year. Design Events III and IV consist of infrequent events and postulated accidents that might occur 
over the lifetime of the ISF Facility, or hypothetical events postulated because their consequences may 
result in the maximum potential impact on the immediate environment. The generic off-normal events 
and accidents identified in NUREG-1567 and facility-specific events are included in the overall scope of 
this chapter (Ref. 8-3). 


Design Events I include those that would be expected to occur during normal operations. See Chapter 5, 
Operation Systems, for a discussion of normal operations, which are Design Events I. Sections 8.1 and 8.2 
of this chapter analyze events defined as off-normal and accidents, respectively. Section 8.3 discusses site 
characteristics that affect the safety analysis. Section 8.1 is subdivided into ISF Facility processing 
scenarios, to identify the off-normal events by the process in which they are postulated to occur. Each 
event is systematically analyzed by considering the postulated cause of the event, detection of the event, 
analysis of effects and consequences, and recovery and/or corrective actions. 


Section 8.2 is subdivided into categories that identify the accident as a general area-related event or as an 
ISF Facility process-related event as in Section 8.1. Each accident is systematically analyzed by 
considering the cause of accident, accident analysis, and radiological consequences. 


The conservative assumptions and methods used in the analyses of off-normal and accident conditions 
represent an upper bound for the ISF Facility design basis events. The analyses demonstrate that the ISF 
Facility satisfies the applicable design criteria and regulatory limits. Therefore, the reported values of 
parameters, such as temperatures and stress levels, envelop the values that would actually be experienced 
for the various postulated accident conditions. 


8.1 OFF-NORMAL EVENTS 


This section addresses Design Events II from ANSI/ANS-57.9-1984. These events include those that 
might occur with moderate frequency, on the order of once during any calendar year of operations. 


The structural analysis of the ISF Facility for normal operations considers anticipated loads from spent 
nuclear fuel (SNF) storage and handling operations, in combination with normal variations in external 
temperature, humidity, wind loading, rain, snow, and other environmental extremes. See Chapter 4, 
Installation Design, for a discussion of the design features for these normal operational considerations. 


Design Events II include Transfer Cask events, fuel storage events, waste handling events, and other 
events. The off-normal events identified in this section were selected as the bounding cases for the larger 
population of credible events identified during design of the facility. The radiological impacts from these 
off-normal events are summarized at the end of this section. 
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8.1.1 Transfer Cask Events 


8.1.1.1 Misventing of Transfer Cask 


Postulated Cause of Event 


After the Transfer Cask is received in the Cask Receipt Area it is placed on the cask trolley and moved 
into the cask decontamination zone of the Transfer Tunnel. Here the cask atmosphere is vented by 
attaching the cask vent to a portable continuous air monitor (CAM) and flammable gas monitor. The cask 
atmosphere is filtered, monitored, and released through the CAM to the building HVAC system. 
Misventing of the Transfer Cask atmosphere to the cask decontamination zone environment has been 
postulated to occur as a result of operator error or equipment failure. 


Detection of Event 


The misventing event would be detected by direct operator observation and radiation monitoring 
equipment in the cask decontamination zone. Health physics monitoring provides additional means of 
detection. The specific radiation monitoring that would detect this event are the fixed area radiation 
monitors (ARM) and CAMs. Placement of these detectors will be optimized within the facility to detect a 
postulated release. 


Analysis of Effects and Consequences 


Before transport to the ISF Facility, the Transfer Cask is loaded under atmospheric conditions. The 
potential for a pressure increase during transfer to the ISF Facility is addressed in Appendix A of the 
SAR.


Flammable hydrogen gas can be formed by the radiolytic decomposition of moisture in either the fuel or 
the Transfer Cask cavity. The maximum decay energy load in the Transfer Cask will be up to 90 TRIGA 
elements, with a decay energy of 2 (J/s)/Element. The ability of aqueous radionuclide solutions to 
generate hydrogen gas has been extensively studied (Ref. 8-4), and “G-values” have been developed to 
relate decay energy to hydrogen gas production. For beta and gamma irradiation of pure water, the 
reported G-value is 0.44 molecules/100eV (4.57x10-8 mol/J). Note that this G-value assumes that all of 
the decay energy is absorbed by the water and is used to generate hydrogen. The amount of energy 
actually expended in radiolysis is dependent upon the energy spectrum, geometry, and the materials 
involved in energy absorption, but is typically a fraction of the total decay energy. 


The rate of hydrogen generation within the Transfer Cask, assuming that 100 percent of the decay energy 
generates hydrogen gas, is given by the relationship: 


R = (Decay Energy)*(G) = [90 Elements]*[2(J/s)/Element]*[4.57x10-8 mol/J] 
R = [8.23x10-6 mol/s]*[22.4L/mol] = 0.0002 L/s at 273�K and 1 atm pressure 


The fuel cavity of the Transfer Cask is approximately 26 inches in diameter by 158.5 inches long, for a 
volume of 84,152 cubic inches [=3.1416*(26/2)2*158.5], or 1,380 liters. The ISF canister used to ship the 
TRIGA fuel is approximately 18 inches in diameter by 130 inches long, for a total volume of 33,081 
cubic inches [=3.1416*(18/2)2*130], or 542.5 liters. Therefore, the void volume of the cask (assuming 
that any other cask internals are of negligible volume) is approximately 837.5 liters [=1,380 – 542.5]. The 
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lower flammability limit for hydrogen is 4 percent by volume; therefore, to generate a flammable 
atmosphere, approximately 33.5 liters [=(0.04)*(837.5)] of hydrogen must be generated. 


Assuming that approximately one-third of the decay energy contributes to radiolysis, the time required to 
generate a flammable hydrogen atmosphere within the void volume of the cask is: 


Time = (Void Volume)/(R/3) = (33.5 L)/[(0.0002 L/s)/(3)] = 502,500 seconds 
Time = (502,500 seconds)(min/60 s)(hr/60 min) = 139.5 hours, or 5.8 days 


The ISF is designed to receive, unload, and return the Transfer Cask within 48 hours. It is highly unlikely 
that fuel will remain within the Transfer Cask for the period of time required to generate a flammable 
atmosphere within the cask. Therefore, flammable atmospheres within the cask are not anticipated, nor 
considered further in this analysis. 


After the Transfer Cask is received, the cask is moved from the Cask Receipt Area into the cask 
decontamination zone of the Transfer Tunnel. Here, the cask venting equipment is used to sample the 
Transfer Cask atmosphere, and establish the levels of airborne contamination that are present. Failure to 
properly secure the cask venting equipment connection before opening the Transfer Cask vent valve, or 
equipment failure, would result in a bypass of the cask venting equipment and a venting of the contents 
directly into the cask decontamination zone. The SNF canister within the Transfer Cask provides a 
contamination control barrier for each fuel type received at the ISF Facility. The Transfer Cask venting 
system obtains a sample of the space between the spent fuel canister and the interior of the Transfer Cask. 
As a result of this physical arrangement, ordinary radiation control procedures, and the ambient 
temperatures involved, the most significant source of worker exposure from misventing the Transfer Cask 
space would be gaseous radionuclides. 


The assumptions used in analyzing this off-normal event include: 


� Workers are assumed to be exposed to the gaseous “cloud” for 10 minutes. 


� Thirty percent of the fission gases present in one fuel element are released. 


� The radioactivity release is into a semi-infinite cloud with a radius of 4 meters (conservative 
based on normal ventilation mixing). 


For the fuel types handled at the ISF Facility the gaseous radionuclides present that would contribute dose 
to a worker are 3H, 85Kr, and 129I. The fission gas release assumptions are consistent with NRC Interim 
Staff Guidance 5, assuming that the off-normal occurrence is related to a venting problem and not fuel 
damage. The reference man (worker) breathing rate of 3.33 x 10-4 m3/s is used in accordance with Title 10 
Code of Federal Regulations (CFR) Part 20 (Ref. 8-5). 


A worker near the cask would receive a dose based on inhalation of the contaminated atmosphere. The 
worst-case fuel type results in a total effective dose equivalent from the gaseous release of less than 10 
mrem. This value is well below the 10 CFR 20 occupational dose limit of 5000 mrem/year (Ref. 8-5). 
Dose to the public at the controlled area boundary assuming a ground release of the above inventory is 
negligible, based on the minimal impact on operators at the source of the release. Normal ventilation flow 
is designed to minimize air leakage from the cask decontamination zone to the environment. In addition, 
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if a release from the area did occur, the dose to the public at the site boundary would be dispersed 
considerably compared to the local dose to operations personnel. 


This event involves no change to the fuel or structural integrity configuration; therefore, there is no 
change in criticality control parameters, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


Venting operations would be terminated and the cask decontamination zone would be 
recovered/decontaminated according to established procedures. Doses to workers from this recovery 
activity are assumed to be significantly less than those for the event, and on the order of those associated 
with routine facility operations. Cause analyses, as needed, and appropriate corrective actions to prevent 
recurrence would take place under the ISFSI Quality Assurance Program. 


8.1.1.2 Transfer Cask Drop Less Than Design Allowable Height 


Postulated Cause of Event 


The cask receipt crane and interfacing lifting devices are designed to be in compliance with the guidance 
contained in NUREG-0612, Control of Heavy Loads at Nuclear Power Plants, Resolution of Generic 
Technical Activity A-36, (Ref. 8-6). Appendix A of this Safety Analysis Report (SAR) discusses the 
Transfer Cask lifting trunnions compliance with NUREG-0612 criteria to ensure an uncontrolled drop is 
not credible. The drop of the Transfer Cask during handling is not considered a credible event. 


Detection of Event 


Dropping the Transfer Cask during handling is not considered a credible off-normal event. 


Analysis of Effects and Consequences 


The cask receipt crane and interfacing lifting devices are designed in accordance with the guidance 
contained in NUREG-0612. The cask receipt crane is designed in accordance with NUREG-0554, Single-
Failure-Proof Cranes for Nuclear Power Plants (Ref. 8-7). The cask lifting device is designed as 
specified in ANSI N14.6-1993, with the more conservative design margins specified in NUREG-0612 
applied (Ref. 8-8). The Transfer Cask trunnions evaluation for meeting the design margins specified in 
NUREG-0612 is provided in Appendix A of this SAR. Therefore, dropping the Transfer Cask during 
hoisting operations is not considered a credible event. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change in criticality, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


Dropping the Transfer Cask during handling is not considered a credible off-normal event; therefore, no 
recovery or corrective actions are required. 
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8.1.2 Fuel Packaging Events 


8.1.2.1 Attempt to Lower Fuel Container into Occupied Fuel Station 


Postulated Cause of Event 


SNF handling operations will be under administrative control and records of loading pattern/status will be 
continuously updated. This event assumes that an operator attempts to load a full SNF container into a 
fuel station occupied by another full fuel container. This event is postulated to occur as a result of 
operator error. 


Detection of Event 


This event would be detected visually by operators when the load ceased to descend, via load indication at 
an operator control station, and/or via trip of the fuel handling machine (FHM) hoist on a slack rope 
condition.


Analysis of Effects and Consequences 


An attempt to lower a fuel container (DOE basket, ISF basket, or canister) into a fuel station (Fuel 
Packaging Area [FPA] bench containment vessel or trolley) already containing a loaded fuel container is 
unlikely. Fuel handling activities are visually monitored via operator station shield windows and a video 
camera mounted on the power manipulator system (PMS). Procedures for fuel handling activities will 
require fuel accounting and visual confirmation that planned movement destinations are not occupied 
before lowering a fuel container into a fuel station. 


FHM design features minimize the potential for damage to a DOE basket, ISF basket or SNF as a result 
of impact during this event. The FHM hoist speed is variable within a range of 0.5 to 14 feet/minute. To 
ensure that fine alignment adjustments can be made to prevent interferences, the FHM hoist would be 
operated at creep speeds during the final descent when SNF elements or containers approach a fuel station 
or container. Even at the FHM hoist maximum descent speed, the impact during this postulated event is 
not expected to significantly damage the fuel container as shown below. The DOE baskets and containers 
ability to withstand postulated impacts is addressed in Appendix A of this SAR. 


The ISF baskets have been analyzed for normal lifting operations (dead weight with a 1.15 dynamic 
factor) lifting through the basket pintle. As part of the storage seismic event, the ISF baskets have been 
analyzed for 10g acceleration while contained in a rigid structure (storage tube, CHM body, canister cask, 
or fuel loading station). A conservative method of analyzing for sudden impact is provided in Roarks
Formulas for Stress and Strain (Ref. 8-9). For an elastic impact of a bar onto a hard unyielding surface, 
the duration of impact is based on the velocity of the resultant stress wave. 


Vs (stress wave velocity) = 68.1 x [Modulus of Elasticity (lb/in2) / Density (lb/ft3)]0.5 


Time of impact = [2 x bar length (ft)]/Vs (sec) (Note: Typically 1 to 10 milliseconds for 
an impact event) 


Deceleration = Initial bar velocity (ft/sec)/Time (sec) 
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Using a Modulus of Elasticity for steel = 29 x 106 lb/in2; Density = 489 lb/ft3; Initial 
Velocity = 14 fpm (0.0233 ft/sec); and Basket and Lifting Device Nominal Length = 9 ft 
to 20 ft (use 9 ft as conservative length), then 


Vs = 68.1 x ( 29 x 106 / 489 )0.5 = 16,600 fps 


Time = (2 x 9)/16,600 = 0.0011 sec (Note: 1.1 milliseconds is conservative for typical 
impact) 


Deceleration = 0.233/0.0011 = 215 ft/sec2 or 6.7g 


The ISF baskets have been analyzed for a 10g seismic loading, without exceeding ASME code 
allowables; therefore, the postulated impact deceleration of approximately 6.7g will not affect the basket 
structural integrity. 


The criticality implications of this event have also been considered. Reflector material and other structural 
elements contained in the upper and lower regions of each spent fuel element type, would prevent 
neutronic coupling of the fuel elements if the fuel containers were configured as postulated in this event 
(stacked axially). The criticality analyses examined one TRIGA basket on top of another, one TRIGA 
canister on top of another, and one Peach Bottom canister on top of another. The Shippingport modules 
are not enriched and the lack of appreciable amounts of fissile material ensures criticality safety without 
further limiting control of the geometry or neutron absorbing poisons. The bounding criticality analyses 
are discussed in Section 4.7.3.4 and Section 4, Appendix 4A. These bounding analyses show that keff for 
the various fuel types would remain below 0.95 for the postulated events. 


This event occurs within the FPA, which provides confinement for the fuel. The lack of structural 
deformation will ensure retrievability of the DOE baskets, ISF basket, or canister. Therefore, there are no 
significant radiological consequences from this postulated event. 


Recovery and/or Corrective Actions 


In the unlikely event that a significant impact occurred during this event, recovery would require 
inspecting and evaluating the ISF basket, canister, and lifting devices for damage to ensure that it would 
remain within its design basis for the life of the facility. Recovery may also require transferring the fuel to 
another fuel basket. The cause of the condition will be determined and corrective action taken to preclude 
further occurrence under the ISFSI Quality Assurance Program. 


8.1.2.2 Attempt to Load Fuel Element into Full ISF Basket 


Postulated Cause of Event 


Fuel elements will be transferred from the DOE containers to the ISF baskets within the FPA. The 
operator will manually align each fuel element into the proper location within the ISF basket. This event 
is postulated to occur as a result of operator error during the transfer process. 
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Detection of Event 


This event would be detected visually by operators when the load ceased to descend, via load indication at 
an operator control station, and/or via trip of the FHM hoist on a slack rope condition. 


Analysis of Effects and Consequences 


An attempt to lower a fuel element into a full ISF basket is unlikely. Fuel handling activities are 
monitored via operator station shield windows and a video camera mounted on the PMS. Procedures will 
be established for fuel handling activities requiring fuel accounting and independent verification and 
visual confirmation that planned movement destinations are not occupied before lowering a fuel container 
into a fuel station. 


FHM design features minimize the potential for damage to an ISF basket or spent fuel element as a result 
of impact during this event. The FHM hoist speed is variable within a range of 0.5 to 14 feet per minute. 
The FHM hoist will be operated at creep speeds during the final descent when lowering spent fuel 
elements or containers into fuel stations or other containers, ensuring that fine alignment adjustments can 
be made to prevent interferences. Even at the FHM maximum hoist descent speed, the impact is not 
expected to cause significant damage to the fuel element. Failure of a fuel element during handling is 
addressed in Section 8.1.2.3. 


The potential for criticality is bounded by the postulated addition of a single fuel element, adjacent and 
parallel to a DOE basket, ISF basket, or canister. The assumed addition of a single fuel element adjacent 
and parallel to a DOE basket, ISF basket, or canister is addressed by the bounding criticality analyses in 
Section 4.7.3.4 and Section 4 of Appendix 4A. These bounding analyses show that keff for the various fuel 
types would remain below 0.95 for the postulated events. 


This event occurs within the FPA, which provides confinement for the SNF. Therefore, there are no 
significant radiological consequences from this postulated event. 


Recovery and/or Corrective Actions 


Because no fuel element failure is postulated to occur during this event, recovery actions would be limited 
to re-hoisting the fuel element, assessing the event, and placing the fuel element in an empty ISF basket or 
other temporary storage location. Any postulated damage to a fuel container would be addressed within 
this area such that retrievability would be maintained. The cause of the condition will be determined and 
corrective action taken to preclude further occurrence under the ISFSI Quality Assurance Program. 


8.1.2.3 Failure of Fuel Element During Handling 


Postulated Cause of Event 


This event addresses the potential for structural or cladding failure of a single fuel element during 
handling in the FPA. Failure of a fuel element is postulated for several reasons such as operator 
inadvertently hitting a suspended fuel element with a master/slave manipulator (MSM) or the PMS during 
inspection activities, inadvertently moving the FHM transversely with the fuel element partially inserted 
in a fuel container or fuel station, or the element striking an object in the FPA during movement outside 
the safe load path. 
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Detection of Event 


Operators would detect the fuel failure event by direct observation during handling activities. 


Analysis of Effects and Consequences 


The FPA has been subdivided into zones which, in conjunction with the FHM programmable logic 
controller (PLC), are used to enforce administrative controls on FHM movement and operation. These 
zones include a clearway where maximum FHM transverse speed is allowed, and various activity areas 
where only FHM creep speed is allowed. These activity areas include locations where SNF and SNF 
containers are lifted or inserted into a fuel container or FPA fuel station. The creep speed in the long-
travel or cross-travel transverse direction is capable of movement with a resolution of 0.1 inch. These 
controls are enforced by the PLC so that an inadvertent transverse movement of the FHM would likely be 
quickly identified and halted before damaging a fuel element. 


In addition, interlocks limit FHM operation to a single action only. Therefore, during hoisting, transverse 
movement of the FHM is locked out, further reducing the potential for inadvertent transverse movement. 


The MSMs and the PMS in the FPA support various fuel handling tasks. These manipulators are designed 
for light duty tasks, and are controlled manually. Although not likely, impact of a suspended fuel element 
during operation of this equipment has been postulated. 


The Peach Bottom graphite fuel has a thin sleeve of pyrolytic carbon, which is a higher-density, low 
porosity nuclear grade graphite around the fuel bearing region of each element. The TRIGA spent fuel is 
either clad in stainless steel or aluminum. The Shippingport spent fuel is clad in zirconium alloy. A 
limited number of damaged Peach Bottom 1 fuel elements will be protected by the attached removal tool 
(ART) used during salvage operations at the Peach Bottom facility. The damaged Peach Bottom 1 fuel 
elements protected by the ART will be removed from the containers as part of the processing. 


Damage to the TRIGA and Shippingport fuel elements from the events identified above are expected to 
be limited to deformation of the fuel element. 


Analysis of this event assumes that a Peach Bottom fuel element fails and breaks into multiple small 
pieces. Because this postulated event would happen within the confinement space provided by the FPA, 
no release pathway is credible. In addition, the FPA high efficiency particulate air (HEPA) filters are 
expected to remain intact, as they are passive components and no credible failure mechanism has been 
identified as a result of the failure of the fuel element. Therefore, the offsite dose is expected to remain 
within normal limits. 


From a criticality standpoint, the worst-case failure would occur over a fuel container with a full load of 
fuel. However, reflector material and other structural elements contained in the upper and lower regions 
of each spent fuel element type prevent neutronic coupling of the failed fuel element with the intact fuel 
elements. The potential for criticality during this event is bounded by the criticality analyses in Section 
4.7.3.4. These bounding analyses show that keff for the various fuel types would remain below 0.95 for the 
postulated events. The TRIGA criticality case, where an extra fuel element is added beside the basket full 
of fuel for maximum coupling, will bound this scenario for the TRIGA fuel. The Peach Bottom criticality 
case, where an extra fuel element is added beside the basket full of fuel for maximum coupling, will 
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bound this scenario for the Peach Bottom fuel. The Shippingport reflector fuel rods were used to limit 
neutron leakage from the core and do not contain enriched fissile material; therefore, this fuel type does 
not require analysis. Because this event would occur in the FPA, dose rates to the operators are expected 
to remain at normal operational levels due to the confinement provided by this area. 


Recovery and/or Corrective Actions 


Inappropriate transverse movement of the FHM would be identified visually and halted immediately by 
the operators. If a fuel element were to fail during handling, operations would cease, and a recovery 
procedure developed based on the event-specific conditions. Recovery actions would entail the recovery 
and repackaging of the fuel for loading into an ISF basket. The cause of the condition will be determined 
and corrective action taken to preclude future occurrences under the ISFSI Quality Assurance Program. 


8.1.2.4 Drop of Fuel Element During Handling 


Postulated Cause of Event 


Single-failure-proof lifting arrangements are provided for the lifting and handling of the Peach Bottom 1 
fuel elements, non-instrumented TRIGA fuel elements, and Shippingport fuel modules. The Peach 
Bottom 2 fuel, the instrumented TRIGA elements, and the Shippingport reflector rods use a friction-grip 
lifting fixture. These friction grips are described in Section 4.7.3.2.10, Lifting Device Types 5 and 6.


The Shippingport reflector fuel rods were used to limit neutron leakage from the core and do not contain 
enriched fissile material. TRIGA fuel elements are clad with metal (e.g., aluminum, stainless steel) that 
protects the fissile material. Because the Peach Bottom fuel contains enriched fissile material and does not 
have a protective metal cladding, it is postulated that a drop could occur during handling which would 
bound any concern with the instrumented TRIGA elements or the Shippingport reflector rods. Before 
storage at the INTEC, the top 18 inches of each Peach Bottom 2 fuel element including the lifting 
attachment were cropped to fit the elements into the interim storage canisters. Removal of the top of the 
elements does not damage the fuel portion or the remaining length of the element, but does remove the 
means of providing a single-failure-proof lifting arrangement. 


The Peach Bottom 2 fuel elements weigh approximately 84 pounds. A friction grapple will remove the 
Peach Bottom 2 fuel elements from the Transfer Cask and load them into an ISF basket. However, 
because this is not a single-failure-proof lifting arrangement, a drop of a Peach Bottom 2 fuel element 
onto either the FPA worktable or back into the Transfer Cask is postulated to occur. 


Detection of Event 


Operators would detect the fuel element drop event by direct observation during handling activities. 


Analysis of Effects and Consequences 


The maximum number of fuel elements that can be involved in this event is 13, assuming that a Peach 
Bottom 2 element is dropped onto a full DOE canister that contains up to 12 elements of Peach Bottom 2 
SNF. If it is assumed the dropped element falls intact across the top of the DOE canister, criticality is not 
a concern due to a lack of neutronic coupling in this configuration. If it is assumed the element breaks 
apart and drops into the canister, this configuration is bounded by the criticality model of placing a single 
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additional element along side an array of 18 closely packed elements. Results of this configuration 
indicate that keff remains below 0.95. If it is assumed the single element drops onto the work table or floor 
and the element breaks into multiple small pieces, the criticality analyses show that greater than 21 Peach 
Bottom 2 elements would have to be crushed and organized into a sphere surrounded and reflected with 
1 foot of water before the keff would approach 0.95. Therefore, postulated configurations for this event 
will not result in a criticality concern. Offsite and onsite doses are expected to remain within normal 
limits, because the event would occur within the FPA confinement area. 


Recovery and/or Corrective Actions 


If a Peach Bottom 2 fuel element were to drop, operations would cease, and a recovery procedure 
developed based on the event-specific conditions. Recovery actions would entail the recovery and 
repackaging of the fuel using the FHM hoist, PMS, worktable, and MSMs for loading into an ISF basket. 
Cause analyses, as needed, and appropriate corrective actions would occur under the ISFSI Quality 
Assurance Program to prevent recurrence. 


8.1.2.5 Fuel Container Binding or Impact During Handling 


Postulated Cause of Event 


Impact of a fuel container in the FPA is postulated as a result of an operator inadvertently moving the 
FHM into another piece of equipment or moving the FHM transversely with the fuel container partially 
inserted in a fuel canister or fuel station. During handling activities in the FPA, it is postulated that a full 
fuel container (DOE or ISF basket) could hit another piece of equipment when lowering the basket into an 
FPA fuel station or ISF canister, or during transverse movement of the FHM. It is also postulated that a 
full fuel container could experience binding during a lift. Binding could result from the introduction of 
debris into the Transfer Cask or FPA fuel station, or misalignment of the FHM hoist (off-center lift). 


Detection of Event 


Operators would detect the impact event by direct observation during handling activities. Operators would 
detect a binding event via observation of FHM load indication or activation of the overload or underload 
interlocks during the lift. 


Analysis of Effects and Consequences 


As discussed in Section 8.1.2.3, the FHM is operated via a PLC to enforce transverse movement of the 
FHM at creep speeds in the vicinity of FPA fuel stations and other activity areas. In addition, cross-travel 
and long-travel motions are interlocked with the hoist to minimize either type of movement when the 
hoist is below transport height. Therefore, transverse movement of a partially inserted fuel container 
sufficient to cause damage is unlikely. In this event operators would halt movement of the FHM. The 
consequences of this event are expected to be limited to local damage to the fuel container itself. Potential 
failure of the DOE basket is described in Section 8.2.2.1. 


The FHM contains interlocks that prevent a lift from the cask trolley unless the trolley is properly 
positioned and the locking pins are set, which will minimize the potential for binding. The FHM also 
contains a load cell capable of determining loads to within ±150 pounds. The operators will monitor the 
load indicator when raising containers loaded with spent fuel. Therefore, if significant binding were to 
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occur, operators would recognize the increased load at the time of occurrence. In addition, the FHM load 
cell will trip an interlock that prevents hoisting any load greater than 10,000 pounds. Binding of a fuel 
container is not expected to cause significant damage to a fuel container. 


This event occurs in the FPA, which provides confinement for the SNF. Although, localized container 
damage may occur, the fuel integrity is not expected to be affected. Therefore, the retrievability and 
criticality of the SNF is not affected. There are no adverse radiological consequences from this postulated 
event.


Recovery and/or Corrective Actions 


Recovery actions would include suspension of fuel handling activities, visual inspection of the fuel 
container, and evaluation as necessary. Potential actions could include recovery and repackaging of the 
fuel for loading into a new ISF basket. The cause of the condition will be determined and corrective 
action taken to preclude further occurrence under the ISFSI Quality Assurance Program. 


8.1.2.6 Malfunction of ISF Canister Heating System 


Postulated Cause of Event 


This event is the postulated worst-case heating of the ISF canister by the canister heater module, resulting 
from a failure to regulate the heating during vacuum drying, helium filling, or seal welding. The loss of 
control on the canister heater module could be caused either by equipment failure or operator error. 


Detection of Event 


The canister heater module includes temperature monitoring, control, and an alarm on excessive heating 
or loss of heating. Personnel monitor processing of the ISF canister in the Canister Closure Area (CCA) 
and out-of-specification temperatures would be noted either by instrumentation or personnel observation 
before approaching the allowable process limits. Temperature monitoring is a key element in removing 
moisture, providing the proper atmosphere, and ensuring that the canister is ready for closure operations. 
The temperature of the canister is one of the controlled process parameters. 


Analysis of Effects and Consequences 


The canister heater module consists of electric heating elements used to heat the canister cask. Heat is 
transferred from the heater to the ISF canister and fuel by conduction, natural convection and radiation. 
The heater design and the large mass of the canister cask ensure that heat-up rates are slow and that the 
ISF canisters are not subjected to direct heat input or to localized hot spots. The normal canister 
temperature range for the dry, fill and weld process is from 80�F to 100�F and the maximum allowable 
clad temperature for the limiting fuel type (aluminum clad TRIGA fuel) is 400�F (Table 4.2-53). 
Assuming the minimum operating temperatures in the transfer tunnel, and the carbon fuel essentially 
saturated with water, the maximum heater size required to support required cycle times would be 10kW. 
Assuming the maximum 10 kW heater, failure or improper operation of the heater would take 
approximately 48 hours to reach the maximum allowable temperature for the limiting type of fuel. The 
calculation conservatively assumes that the cask and fuel start at a steady-state temperature of 208�F and 
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the heater remains on until the fuel reaches 400�F. In the unlikely event of equipment failure, 48 hours 
would be ample time to observe the condition and take corrective action to shut down the heater. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


The heater would be shut down upon indication of the improper heating of the ISF canister by the canister 
heater module. An analysis would be performed to determine the cause of the off-normal condition. The 
reason for the high temperature would be identified as equipment failure or operator error. Repair, 
equipment modification, or other corrective actions would be implemented as appropriate to prevent 
recurrence of the event. There are no adverse radiological consequences from this postulated event. 


8.1.2.7 Malfunction of ISF Canister Vacuum Drying/Helium Fill System 


Postulated Cause of Event 


The SNF is packaged in a new ISF canister in the FPA in preparation for dry storage. The canister 
containing the fuel and associated structural/shielding components is transferred to the CCA for 
installation and welding of the canister lid. The canister is vacuum dried and filled with helium before 
final seal welding of the canister vent plug. The canister closure and seal welds are leak-tested and the 
canister becomes the primary confinement boundary for the spent fuel. During canister vacuum drying 
and helium backfilling, an equipment failure or operator error could result in inadequate drying, a canister 
atmosphere with insufficient helium, or over pressurization of the canister with helium. 


Detection of Event 


The vacuum drying system includes instrumentation to monitor the canister pressure and temperature 
throughout the vacuum drying process. Failure to achieve the required vacuum or fill pressure would be 
noted immediately. Signals are processed and displayed by the vacuum dry/helium fill monitoring system 
to visually indicate system status and parameters. Visual indications will alert operations personnel to 
equipment or process failures or to inadequate parameters. The leak checking operation following final 
canister seal welding will identify inability to maintain the required atmosphere. 


Analysis of Effects and Consequences 


The canister vacuum drying/helium fill system including the canister leak check is required to perform the 
following functions: 


� remove moisture from the loaded canister 


� vacuum test to verify the canister interior is dry 


� provide an inert atmosphere within the canister 


� test the leak tightness of the canister lid weld, canister vent plug interim seal and final canister 
vent plug seal weld 
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Failure to complete the canister evacuation and inert gas backfill, due to either equipment failure or 
operator error, could result in an out-of-specification atmosphere in the storage canister, potentially 
leading to canister oxidation or an increase in the peak fuel temperature. Oxidation of the interior canister 
wall would be limited because of the small volume of oxidizing gas available and the materials of 
construction. Although the canister is in an inert environment both internally and externally and is not 
subject to corrosion, the canister design includes a reduction in wall thickness consideration based on the 
ISF facility design life. An allowance for corrosion/erosion reduction in wall thickness is provided in the 
design. It is unlikely that the canister atmosphere would exceed process specifications: failure to achieve 
the required temperature, vacuum, or backfill pressure would be noted and corrected before further 
processing of the canister. The quality of the helium is certified by the vendor. If the canister cannot be 
evacuated a repeat vacuum cycle or replacement of the canister might be required. Once an acceptable 
vacuum is achieved the oxidizing medium is eliminated unless it is reintroduced during helium backfill. 
This is unlikely because the process involves achieving the required vacuum, purging the connecting 
helium line, re-establishing the vacuum, and opening a valve on the pressurized helium line to backfill the 
evacuated canister with 99.995 percent pure helium. The canister is then evacuated a second time, and the 
backfill process repeated. Failure to achieve any of the necessary parameters would require repeating the 
process from the beginning. 


Calculations indicate that air vacuum or helium vacuum atmospheres would both be thermally acceptable. 
The worst-case heat transfer scenario would be an air vacuum in the canister, with no inert gas fill. 
Calculations indicate that the temperature would rise to a maximum steady-state temperature of 140�F for 
the bounding TRIGA fuel. This is well below the maximum allowable temperature for the limiting fuel 
type. The process of repeating the drying and filling of the canister can be completed without exceeding 
allowable temperatures. 


In addition to the vacuum dry/helium fill connection tool pressure devices that measure the gas pressure 
and temperature during the operation, the helium fill system is designed with a system upper pressure 
limit equal to the canister design pressure and a pressure relief device that is set to operate at a pressure 10 
to 30 percent below the canister design pressure. This ensures that over pressurization of the canister with 
the fill gas is not credible. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


The recovery will depend on the circumstances that resulted in the incorrect canister atmosphere. The 
cause of the failure would be determined and the corrective action would be based on that determination. 
If the cause was an electrical or mechanical failure, the failed equipment would be repaired or replaced 
and the sequence of operations restarted or completed as appropriate. If the delay were due to operator 
error, measures would be taken to understand and correct the error and to ensure the error was not 
repeated. The standard recovery action, regardless of cause, would be to restart or resume the dry and fill 
operation as required to correct the process failure. There would be no release of radioactive material and 
no radiological consequences from this event. 
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8.1.2.8 Loss of Confinement Barrier 


Postulated Cause of Event 


The event considered is the loss of the Transfer Area confinement barrier for any reason. The barrier 
includes the FPA and FHM maintenance enclosure walls and doors, shield windows, transfer ports, 
exhaust HEPA filters internal to the FPA, supply HEPA filters, through-wall penetrations and seals, and 
specific heating, ventilating, and air conditioning (HVAC) ducts and dampers. These components 
combine to isolate the radioactive material in the FPA from the occupied areas of the ISF Facility and 
(potentially) from the environment. Loss of confinement could result from failure of a transfer port seal, 
penetration of the shield wall or window, failure of an HVAC component, removal of the wrong port 
cover, or other operator error. The FPA is the only portion of the ISF Facility with the potential for 
significant radiological release as a result of loss of the confinement barrier. Failure of a confinement 
barrier provided by the SNF cask or canister is not considered in this analysis. Credible breaches are 
addressed elsewhere for off-normal or accident events specific to the cask or canister. As the ISF Transfer 
Area confinement boundary has been designed to withstand the design basis tornado missile, penetration 
of the shield wall or FPA shield window is not considered a credible off-normal event. 


Detection of Event 


The control panel visually indicates the status of the HVAC system including the FPA differential 
pressure and changes in supply and exhaust fan operating parameters. Significant confinement barrier 
failures would be detected by a sudden change in differential pressure, by changes in an HVAC 
component operating parameter, or by observation of the HVAC system. If the ISF Facility or system 
features fail to function as designed, contamination of the adjacent areas would be detected by CAMs, 
ARMs, and routine area surveys. Significant contamination levels would be readily detected as 
monitoring instrumentation is set to detect both specific levels and rates of change. 


Analysis of Effects and Consequences 


The FPA and FHM maintenance areas of the Transfer Area are maintained at pressures negative to the 
surrounding areas by control of the supply and exhaust fans. The HVAC system is designed to maintain 
acceptable pressure differentials and cooling air flow for heat transfer. The system ensures that air flows 
from clean areas to contaminated areas and is exhausted through the HEPA filters. The HVAC 
instrumentation and control system monitors pressures and temperatures and provides data required to 
make adjustments. The system is capable of adjusting the supply and exhaust flows to maintain the FPA 
pressure negative to the adjacent areas. The HVAC system is designed with redundant exhaust fans, each 
capable of approximately 23,800 cfm with the FPA system sized to exhaust 5900 cfm. 


Openings of significant size in the confinement barrier resulting from scenarios such as seal failures 
would be sensed by the HVAC control system and compensated for by adjustments in the supply and 
exhaust controls of the HVAC system. Larger openings could occur during repair or maintenance 
operations such as removal of a wall penetration or barrier component. These types of tasks would be 
performed under controlled conditions using ISF procedures and an unintentional or uncontrolled breach 
would be corrected immediately. 
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A breach of the confinement barrier would most likely occur at the transfer ports during movement of 
SNF or waste containers into and out of the FPA. As a gap exists between the transfer port and the 
Transfer Cask or trolley components, the ports between the FPA and Transfer Tunnel are designed with 
inflatable seals that expand to fill the space. The confinement volume includes the cask inner volume 
when the plugs are removed and the seals are inflated for transfer operations. The seal remains inflated on 
loss of power, ensuring that the barrier remains in place during an event requiring safe shutdown of the 
ISF Facility. Failure of an inflatable seal would result in a maximum opening of approximately 4 square 
feet, which is considerably less than an open port. Failure of a seal during normal or off-normal 
operations would not result in loss of area confinement, because air would continue to flow into the FPA 
enclosure. The HVAC control system would sense a change in the differential pressure and would close 
the supply dampers to maintain operating conditions. As each ISF exhaust fan is capable of approximately 
23,800 cfm and the FPA exhaust system is designed to exhaust 5900 cfm, the available airflow through 
the FPA would be a maximum of 1475 fpm. The waste ports do not have inflatable seals but open into the 
enclosed SWPA in the waste area. Any contamination would remain within a controlled area of the ISF 
Facility. The SWPA doors must be closed before the waste transfer ports can be opened. The waste ports 
are not opened if active fuel packaging activity is being performed in the FPA. 


Opening the wrong transfer port with no cask or canister or no waste vessel in place could result in a 
maximum opening of approximately 28 square feet. This would have a significant impact on the HVAC 
system. When the port plug is first removed, room pressure may equalize until the HVAC control system 
can re-establish the required differential. This could mean a momentary decrease in the velocity of the air 
flowing through the port into the FPA. As the FPA exhaust system is designed to exhaust 5900 cfm, the 
available airflow through the FPA would be a maximum of 210 fpm. Air leakage into the enclosure could 
reduce the flow slightly but the airflow would be adequate to maintain a significant flow into the 
enclosure minimizing the spread of contamination. At the minimum input air velocity, the most severe 
consequence could be contamination of the areas immediately adjacent to the opening, but it would not 
result in a significant release of radioactive material. The areas adjacent to the FPA ports are the transfer 
tunnel, which is a controlled HEPA filtered environment, and the waste area enclosure, which is a 
controlled area designed to handle potentially contaminated waste. The HVAC controls ensure that the 
system airflow is adjusted to maintain the negative pressure differential. 


Loss of confinement resulting from failure of an individual HVAC component is not considered likely as 
the system and components are specifically designed to ensure that the confinement barrier remains intact 
under postulated conditions and events. Redundant components are provided for the HVAC exhaust 
system and failure of components such as ducts, dampers, seals etc., would be bound by the inadvertent 
opening of a port described above. In the unlikely event of component or system failure, the design and 
fabrication criteria for each component specifically address the features required to maintain confinement 
barrier integrity. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality or retrievability of the SNF. 


Recovery and/or Corrective Actions 


In the event of loss of the confinement barrier due to operator error, processing will be suspended, and the 
barrier will be restored. Cause of the error will be determined and appropriate corrective actions taken. If 
failure of a transfer port seal occurs, Transfer Area operations will be suspended, the facility put into a 
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safe configuration, the transfer port plug repositioned, and use of the port discontinued until the seal is 
repaired or replaced. The adjacent areas will be checked for contamination and decontaminated if 
necessary, using standard procedures. No significant release of radioactive material or increase in 
exposure is anticipated. 


8.1.3 Fuel Storage Events 


8.1.3.1 Binding or Impact of ISF Canister During Hoisting/Lowering Operations 


Postulated Cause of Event 


The ISF canister is lifted into the Storage Area from the canister trolley by the CHM, which also 
transports and lowers the ISF canister into the appropriate storage tube. The ISF canister is lifted through 
a port into the CHM and is lowered through the storage tube opening by the CHM. The potential for 
binding or shearing of the ISF canister was considered in the design of the CHM and interface with the 
canister trolley. Features on both the canister trolley and the CHM have been designed to ensure that 
binding or shear of the ISF canister is not credible. The canister trolley and CHM must be seismically 
restrained to satisfy an ITS interlock on the CHM that will allow the hoist to lift the ISF canister. The 
CHM must be locked into position and another ITS interlock satisfied for the hoist to function and allow 
lowering into a storage tube. Therefore, no movement of either the canister trolley or CHM is credible 
while the ISF canister is being lifted into or lowered from the CHM through the port or storage tube 
openings.


Impact of an ISF canister within the CHM is postulated as a result of operator error, via inadvertent 
movement of the CHM into another piece of equipment improperly left on the operating floor. Control 
devices and associated interlocks that are redundant have been provided to render end-of-travel or 
building superstructure collisions not credible. 


Detection of Event 


Operators performing the handling activities would detect the impact event by direct observation. 


Analysis of Effects and Consequences 


The CHM weighs approximately 380 tons and is designed to withstand seismic events. The maximum 
horizontal speed of the CHM is 40 fpm. The ISF canister within the CHM during transfer operations 
weighs less than 10,000 pounds. There are no fixed structures within the operating range of the CHM 
along the charge face. The largest moveable object is the CHM maintenance trolley that weighs 
approximately 4.4 tons and is stored outside of the normal CHM travel path. A collision with the CHM 
maintenance trolley, which has a mass of less than 1.5 percent of the CHM, would not cause a 
deceleration sufficient to cause the ISF canister to impact the interior of the CHM, due to the low 
traversing speed of the CHM. The remaining equipment is manually positioned on the charge face and 
weighs considerably less than the CHM maintenance trolley. None of these obstacles, if hit by the CHM, 
would create a hazard for the ISF canister secured within the CHM. 


This event involves no change to the fuel or structural integrity configuration. Hence, no change in 
criticality, confinement, or retrievability of the SNF. There are no significant radiological consequences 
from this postulated event. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 8.1-17 


Recovery and/or Corrective Actions 


Recovery actions would include suspension of fuel handling activities and evaluation as necessary. The 
cause of the condition will be determined and corrective action taken to preclude further occurrence under 
the ISFSI Quality Assurance Program. The stress levels imposed by these postulated events would not 
exceed the design basis allowable stresses. Therefore, no special recovery actions are required. 


8.1.3.2 ISF Canister External Contamination in Excess of Limits 


Postulated Cause of Event 


The event being considered is the radioactive contamination of the ISF canister exterior surface above 
allowable limits. The contamination could result from incorrect or inadequate installation of 
contamination barriers, equipment failures, poor housekeeping, or operator error. 


Detection of Event 


Operations are routinely monitored by fixed radiation sensors and by portable counters to ensure that non-
confined areas of the ISF Facility are not contaminated by material, equipment, and personnel moving out 
of the confinement area or out of potentially contaminated areas. The CCA is equipped with ARMs and 
CAMs that read out in the operations area and are checked before entering the CCA. Significant 
contamination levels would be readily detected as monitoring instrumentation is set to detect both specific 
levels and rates of change. The monitoring will alert personnel to any contamination resulting from 
inadequate installations, processes, or personnel practices. Excessive external contamination of the 
canister would be the result of either failure to detect and remove contamination of the weld-prep zone 
prior to making the weld, or contamination below the weld preparation zone. As part of the canister 
welding surface preparation, the edge is decontaminated prior to welding and then checked by taking 
smear samples. If the fixed and portable monitors failed to detect the contamination because of 
background or distance, the smear sample would indicate unusual weld zone contamination levels and 
would alert personnel to a potential event. Contamination below the weld zone would also be noted 
during the testing of the weld zone, as contamination of the canister would occur during the loading 
process at the top of the canister and be distributed by gravity and contact to the lower canister surface.
The subsequent evaluation would quantify the contamination level. 


Analysis of Effects and Consequences 


The contamination of an ISF canister would occur in the FPA or during transfer to the CCA and would be 
noted during weld preparation activities. Some contamination is anticipated and will be removed during 
the weld preparation process. If the canister was contaminated in excess of anticipated limits and the 
contamination was sufficient to be picked up by the area CAM or ARM instrumentation, the operator 
would be alerted before personnel could enter the CCA process area. They would enter the area only as 
allowed by contamination control procedures. If the contamination level was below the threshold of the 
area instrumentation and contamination and operators entered the CCA, the dose to the operator would be 
well below the routine dose level from the loaded canister, and accounted for in the procedures. As 
discussed in Section 7.5.3.12, contamination on the exterior of the canister is limited to 100 dpm/100 cm2


alpha and 5000 dpm/100 cm2 beta/gamma. During transfer of the canister and trolley from the FPA to the 
CCA, any contamination of the ISF canister would be contained within the Transfer Tunnel, and 
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therefore, within the ISF Facility. It would pose no risk to public health and safety. It could require 
extensive cleanup of the canister and the affected areas and equipment, possibly including the Transfer 
Tunnel, the canister cask, and the CCA. Decontamination activities could range from manual cleaning of 
the canister weld surface and adjacent area using swabs and decontamination solutions to establishing a 
decontamination device or station. The task could require the unloading and replacement, cleaning, or 
possibly disposal of the contaminated canister. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


An evaluation of the extent of the contamination and cause would be performed. Recovery would depend 
on the amount, type, and dose levels, and would be performed per standard procedures maintaining 
exposure and ALARA requirements (See Sections 7.1 and 7.5). Minor contamination of the canister weld 
area would be removed by hand at the weld station using rags and decontamination solutions. 
Decontamination of the canister exterior could also be accomplished by setting up a decontamination 
station. If the canister could not be cleaned to allowable limits, the canister could be unloaded, volume 
reduced, and disposed of as waste. Following decontamination of the canister cask and repair or 
replacement of the contamination barriers, a new canister would be loaded with the SNF and operations 
would resume. Analysis of the cause, as needed, and appropriate corrective actions to prevent 
reoccurrence would take place under the ISFSI Quality Assurance Program. 


8.1.3.3 Extended Operation with ISF Canister in CHM 


Postulated Cause of Event 


In this event, the ISF canister is left in the CHM for an extended period of time, either because of facility 
work stoppage, equipment malfunction, or operator error. In any case, the ISF canister is not transferred 
into the storage tube within the normally allotted time. 


Detection of Event 


The event would be noted visually by observation of the CHM operation status or by observation of the 
equipment failure or facility shutdown. The CHM could fail to complete the task, leaving the storage tube 
open or empty, or could stop before being in position to make the transfer. The operator could stop the 
operation, and in so doing, fail to complete the task before facility shutdown or shift change, or transfer to 
another task. 


Analysis of Effects and Consequences 


The CHM shielding is designed to withstand off-normal temperatures and remain intact. The canister 
design precludes breach of the canister integrity within the off-normal temperature range. The worst-case 
scenario would involve heating of the fuel within the CHM as a result of maximum off-normal ambient 
air temperatures in the Storage Area. The calculation for canister heat-up in the CHM using the Storage 
Area maximum off-normal temperature of 154�F, indicates that the maximum steady state fuel element 
temperature is 182�F and the maximum temperature of the hottest CHM component, the CHM guide tube, 
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is 161�F. The temperatures are well within the design allowable fuel, equipment, and facility 
temperatures. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


The event would be analyzed to determine the cause of the event, and appropriate corrective actions 
taken. If the repair required an extended period to complete, the CHM could be manually operated to 
either place the fuel in the storage tube or return it to the canister trolley until the repair or replacement 
had been completed. As there is no damage to the fuel and no breach of confinement, no release of 
radioactive material would be anticipated and there would be no radiological consequences. 


8.1.3.4 Malfunction of Storage Tube Evacuation/Helium Fill System 


Postulated Cause of Event 


The SNF canister is placed into a sealed storage tube in the Storage Area vault. The tube is one of an 
array of vertical storage tubes. The canister containing the fuel and associated structural/shielding 
components is transferred to the Storage Area after being vacuum dried, helium filled, welded and leak 
checked in the CCA. The canister becomes the primary containment boundary for the spent fuel during 
storage. During storage the storage tube provides a secondary confinement barrier. Once the storage tube 
has been filled with helium and sealed, it is periodically checked for leakage and resealed and recharged 
as necessary. A malfunction or failure of the storage tube evacuation/helium backfill equipment or an 
operator error could result in a storage tube atmosphere with insufficient helium or over pressurization of 
the tube with helium. This evaluation also covers loss of the helium blanket during storage. 


Detection of Event 


The Storage Area vacuum system includes instrumentation to monitor the storage pressure and 
temperature throughout the storage tube evacuation process. Signals are processed and displayed to 
provide visual indications of system status and parameters. Operations personnel will be alerted to 
equipment or process failures or to inadequate parameters by the visual indications. The loaded storage 
tube is periodically checked for leakage. Loss of the helium blanket would be noted during the inspection. 


Analysis of Effects and Consequences 


The storage tube evacuation/helium fill system is required to provide an inert atmosphere for prevention 
of corrosion. Failure to complete the storage tube evacuation and inert gas backfill due to either 
equipment failure or operator error could result in an unacceptable atmosphere in the storage tube, leading 
to canister exterior oxidation. Oxidation of the exterior canister wall would be extremely limited because 
of the small volume of oxidizing gas available. Although the canister is in an inert environment both 
internally and externally and is not subject to corrosion, a canister design corrosion/erosion consideration 
was included based on the life of the ISF facility. An allowance for reduction in wall thickness due to 
corrosion or erosion was provided in the design. It is unlikely that the storage tube inner atmosphere 
would exceed process specifications, because failure to achieve the required vacuum or the proper 
backfill would be noted and corrected before continued storage. The loaded storage tubes are also subject 
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to a periodic inspection during storage to ensure the inert atmosphere is maintained. If the tube was found 
to be leaking, or could not be recharged because of leakage or internal contamination, the canister would 
be removed and moved to a new location for storage or rework. Once an acceptable vacuum is achieved 
the oxidizing medium is eliminated unless it is reintroduced during helium backfill. This is not considered 
credible because the process involves achieving the required vacuum, purging the connecting helium line, 
re-establishing the vacuum and then opening a valve on the pressurized helium line to backfill the 
evacuated canister with 99.995 percent pure helium. The canister is then evacuated a second time, and the 
backfill process repeated. Failure to achieve any of the necessary parameters would require repeating the 
process. The quality of the helium is certified by the vendor. Refilling a storage location utilizes the same 
equipment and procedures. 


Calculations indicate that air vacuum or helium vacuum atmospheres would both be thermally acceptable. 
The worst-case heat transfer scenario would be a vacuum in the storage tube and no inert gas fill. 
Calculations indicate that the temperature would rise to a maximum steady-state fuel temperature of 
168�F for the bounding TRIGA fuel. This is well below the maximum allowable temperature for the 
limiting fuel type. The process of repeating the evacuation and filling of the storage tube can be 
completed as required without exceeding allowable temperatures. 


In addition to the evacuation/helium fill connection tool pressure device that measures the gas pressure 
during the operation, the helium fill system is designed with a system upper pressure limit equal to the 
storage tube design pressure and a pressure relief device set to operate at a pressure 10 to 30 percent 
below the design pressure. This ensures that over pressurization of the storage tube with the fill gas is not 
credible.


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


The recovery will depend on the circumstances that resulted in the incorrect storage tube atmosphere. The 
cause of the failure would be determined and the corrective action based on that determination. If the 
cause was an equipment failure, the failed equipment would be repaired or replaced and the sequence of 
operations restarted or completed as appropriate. If the delay were due to operator error, measures would 
be taken to understand and correct the error to ensure that the error was not repeated. The standard 
recovery action would be to restart or resume the operation as required to correct the process failure. No 
release of radioactive material and no radiological consequences are anticipated. 


8.1.3.5 Partial Air Inlet/Outlet Vent Blockage 


Postulated Cause of Event 


This event is the partial blockage of the cooling air inlets and/or outlets for the Storage Area vaults. The 
air flows into air inlet vents, through annular openings around the individual storage tubes, and out 
through outlet vents in the upper portion of the Storage Area. Blockage may be caused by unusual 
weather conditions (snow and ice accumulations, wind driven debris, etc.) or by personnel error 
(inadvertently covering or blocking the openings). Any of these conditions could partially block the 
Storage Area vent paths. 
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Detection of Event 


Building inlet and outlet vent blockage will be detected by routine surveillance, including required 
surveillance inspections after adverse weather, such as heavy snowfalls or extreme winds. Blockage of the 
annular openings around the storage tubes would be detected by observation during storage operations or 
routine surveillance. The frequency of this monitoring is based on identifying an overheating condition 
caused by blockage of the vent air flow in sufficient time to take corrective actions. Partial blockage of 
the building inlet or outlet vents or the annular vent openings sufficient to be of concern would be noted 
well in advance of reaching maximum allowable fuel temperatures. Therefore, any significant partial 
blockage would be readily detected by observation during routine surveillance activities with adequate 
time to take corrective action. 


Analysis of Effects and Consequences 


The ISF fuel storage system is a vault configuration with co-located storage tubes rather than a more 
typical cask on a storage pad. The ventilation system is designed with multiple separated and elevated 
inlets, cooling paths around each storage position, and elevated exhaust vents. Multiple paths are 
available for heat transfer in the event of individual path blockage. Design details of the storage area 
ventilation system are provided in Section 4.3.1. A scenario with blockage of half of the vent flow area as 
defined in NUREG 1567 was not considered credible as an off-normal event with its associated 
frequency. The off-normal event was defined as 25 percent blockage with 50 percent blockage considered 
infrequent enough to be defined as an accident condition. Calculations have been performed for scenarios 
with 50 percent blockage, which bound the lesser off-normal events. Vent blockage of 50 percent is 
considered an accident event and is discussed in Section 8.2.4.1 as part of the adiabatic heat-up 
evaluation.


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


Foreign materials partially blocking the inlet and outlet vents or the annular tube vents are easily observed 
and manually removed. Blockage of exterior vents would be corrected from outside of the Storage Area 
portion of the facility. No significant dose is anticipated. The annular vents are even more readily 
available for visual observation; obstruction removal and normal housekeeping to allow for unobstructed 
CHM operation will limit blockage to planned maintenance activities. The vents are routinely accessible 
and the facility shielding is unaffected. For blockage resulting from personnel error, the cause will be 
evaluated and corrective actions implemented to prevent recurrence as appropriate. There would be no 
release of radioactive material and no radiological consequences. 


8.1.4 Waste Handling Events 


8.1.4.1 Breach of Waste Package in the Radioactive Waste Area 


Postulated Cause of Event 


The event considered is the breaching of a waste storage container within the Solid Waste Processing 
Area (SWPA). The cause of this event could be failure of the container handling equipment, impact with 
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the forklift, the drop of an object onto a waste container, or operator error causing a drop or impact with 
sufficient force to breach the container. 


Detection of Event 


Breach of the container would require impact to, or dropping of, the container during handling or 
processing. The event would be readily observed and detected by the operator. 


Analysis of Effects and Consequences 


Solid waste is delivered from the FPA to the SWPA through the canister waste and process waste ports 
that connect the two areas. During operations in either the FPA or SWPA, a port plug is in place to isolate 
activities in either location. The FHM will be used to lower the radioactive waste into the SWPA. The 
FHM is designed to be single-failure-proof, but the lifting devices are not. Therefore, drop of the 
radioactive waste is postulated for this evaluation. 


Radioactive waste dropped from the FPA would fall into the SWPA radiological enclosure. The waste 
would be isolated and would not be released to the environment or other ISF Facility areas. Operators are 
not in the SWPA while the transfer port is open, so personnel are not affected. Observation, ARMs, and 
routine monitoring of the SWPA would note any breach or any contamination above allowable limits 
before further processing. 


The bounding scenario within the SWPA would be an impact with the forklift used to transport the waste 
container. The impact is assumed to have sufficient force to breach the package. Before this part of the 
operation, the container is handled in an enclosed area with radiation monitors, and any spread of 
contamination would be minimal. The relatively confined space to operate the fork lift and the limited 
speed of the vehicle will minimize the potential for damage to the stored waste containers and processing 
equipment. If an impact were to occur, the potential spread of contamination would be limited to the local 
area of impact, as the SWPA is designed to control the spread of contamination, with features such as 
isolation doors and controlled airflow. The consequences would be potential contamination rather than 
exposure and would not exceed the dose levels routinely anticipated during clean up of the enclosed 
SWPA work space. 


A breach resulting from a drop of the container directly outside the SWPA when the waste containers are 
being loaded onto the transport vehicle for offsite transportation and disposal was considered, as this 
could result in contamination outside the ISF Facility. The drum containers to be used in the SWPA are 
fabricated from 16-gauge steel with rubber-gasketed, bolted-ring lids. A steel box will be used for a bulk 
container. The containers are required to meet U.S. Department of Transportation performance-based 
standards. The dropping of the container during loading is bounded by these performance-based 
requirements, and therefore will not result in a radioactive release. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


If a waste container is breached, the container would be returned to the SWPA for repackaging. The 
processing area is a controlled area. The facility radiological control procedures will be used to limit the 
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spread of contamination and perform cleanup. The circumstances of the event would be reviewed 
according to the general administrative controls. The cause and any additional corrective actions would be 
identified and implemented to preclude further occurrences. Any contamination would be cleaned up 
following procedures and controls and if necessary, the waste container would be replaced. 
Decontamination procedures would be followed and contamination and ALARA controls specific to the 
event would be implemented. No radiological consequences outside the ISF Facility are anticipated. 


8.1.4.2 High Dose Rate to Radioactive Waste Area 


Postulated Cause of Event 


The event considered is the transfer of a high dose rate object into the SWPA. As a worst-case scenario, a 
loaded fuel canister could inadvertently be moved from the FPA into the SWPA. This is unlikely as it 
would require multiple failures of operational, engineering, and administrative controls and procedures. A 
more likely scenario would be a high dose rate object attached to or included in a waste container that is 
moved to the SWPA. Also, a high dose rate object could be dropped from the FPA through an open 
transfer port into the SWPA. Any of the postulated events would be the result of multiple operator errors. 
As the transfer port is closed during FPA fuel packaging operations, failure of equipment or SNF 
components is not a credible cause of the event. 


Detection of Event 


Because of the higher radiation level, a high dose rate object in the SWPA would be detected by the 
ARMs as soon as the object started into the waste enclosure. If the port was opened inadvertently, the 
waste operator would note the plug removal and evacuate the area. If a fuel canister or object other than a 
standard waste container were transferred or dropped it would be observable by the FPA operator as it 
moved through the transfer port into the SWPA. If the radiation dose rate was above allowable limits, the 
object would be detected by the routine monitoring performed before waste processing. 


Analysis of Effects and Consequences 
The consequence of moving a loaded fuel container into the SWPA is significantly more severe than any 
other scenario, and represents the bounding condition. If a loaded fuel container was transferred into the 
SWPA and contamination was associated with the transferred container, the potential spread of 
contamination would be limited to the SWPA. The SWPA is designed to isolate any radioactive material 
on the components or equipment being processed as waste. There would be a significant increase in the 
radiological dose rate as the fuel moved through the port into the SWPA. Fixed radiation alarms in the 
SWPA would immediately alert facility personnel to the increase. No personnel would be in the waste 
processing area during this postulated event, as operators are not allowed to be in the SWPA when any 
waste transfer port is opened. If a port plug were inadvertently removed in preparation for a transfer, 
personnel would immediately exit the area. In the event that the personnel did not leave or entered the 
area during the event, the radiation monitor would provide a redundant back-up alarm alerting personnel 
in the waste area to cease operations and leave. However, the inadvertent lifting of a waste port plug 
would result in a significant impact to the HVAC system in comparison to the lifting of a transfer port 
with its inflatable seal. There would be a change in the differential pressure and the supply dampers 
would close to maintain operating pressures. The changes would alert the FPA operator to the event 
before the lifting device was changed and the fuel was moved. 
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Fuel packaging in the FPA is controlled by procedures to ensure that the correct process steps are 
followed. Movement of the fuel by the FHM is controlled by pre selected logic paths, using specific 
lifting devices, and no fuel processing is performed when the waste ports are open. Fuel in the FPA is 
required to be secured in designated storage locations before opening the waste ports. 


Waste containers are surveyed before transfer to the waste enclosure to ensure acceptable dose rates 
inside of the container. Because of the controls and procedures required to move fuel within the FPA, the 
inadvertent lowering of a high dose rate object into the waste area by any means other than in a waste 
container is not considered a credible event. If a high dose object was inadvertently included in the waste 
containers, it would be detected by the ARMs prior to full insertion into the waste area. As operators are 
not allowed in the SWPA during transfer of waste into the SWPA radiological enclosure and the 
incoming waste would be monitored prior to processing of the waste, there would be no personnel 
exposure above acceptable anticipated limits. If the dose was too low to be detectable by fixed 
instrumentation, it would be noted by routine monitoring performed per ISF procedures to ensure 
acceptable levels for processing or in preparation for transferring the waste from the ISF Facility. A shield 
wall is provided between the operator station and the entry port to provide operator shielding if required 
after waste is received in the SWPA. The operator would follow pre-approved procedures to determine 
the proper course of action. The exposure to the operator would not exceed acceptable levels because 
routine monitoring would detect the unacceptable dose rates and procedures would not allow further 
processing of the waste until the condition was corrected. 


The administrative procedures and controls used for the operation of the FPA determine the sequence and 
limit the activities that can be performed when the waste transfer port plug is removed. The SWPA 
operations are performed and the ports are opened only when no fuel packaging operations are in process. 
This eliminates the potential for dropping objects during the packaging activities. Additionally, each 
location and movement of fuel containers is procedurally controlled to minimize canister mishandling. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


Recovery procedures would be prepared specific to the event. These would be used to move the high dose 
rate object from the SWPA back into the FPA and to perform any required cleanup. Dose rate above 
allowable limits would require that the container or object be returned to the remote FPA for the required 
corrective action. Circumstances of the event would be reviewed and the cause and any necessary 
corrective actions would be identified and implemented. There would be no release of radioactive 
material and no significant radiological consequences. 


8.1.5 Other Events 


8.1.5.1 Ventilation System Failures 


Postulated Cause of Event 


The event considered here is the failure of the ISF Facility ventilation system. Failure could result from a 
number of scenarios such as loss of power to the facility or system, component breakdown, control 
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system malfunction, or operator error. The FPA is the only portion of the system with the potential for 
significant radiological release. A number of ventilation faults can be postulated, including: 


� full system shutdown (loss of normal and standby power) 


� inlet fan failure 


� exhaust fan failure 


� filter blocked 


� damper closed 


� filter breached 


� insufficient airflow 


Loss of power can occur because of supply system failure or natural phenomena impact. The inlet and 
exhaust fans can fail because of loss of power, control system failure, driver motor failure, or catastrophic 
equipment failure. Blockage of the HEPA filters could be the result of excessive particulate deposition on 
the filter media or debris on the filter inlet. The dampers can fail closed due to component or control 
system failure or because of operator error. HEPA filters could be breached by seal failure. Loss of 
airflow to the FPA with the enclosure lighting illuminated could result from the an HVAC equipment 
failure or an operator error. 


Detection of Event 


Loss of power is readily observable. Indication on the control panel shows which fans are running and at 
what parameters. Fan failures not detected by observation of the indication lamps may be detected by the 
change or loss of differential pressure across the filter, which is routinely monitored, or by change in the 
sound or noise level of the system. Failed or closed dampers will be indicated by a change in the 
differential pressure with a corresponding adjustment in the fan operation or by observation of the damper 
positions. A breached filter will be detected if there is a release of airborne particulate (which will register 
on the stack monitor) or if a loss of differential pressure across the filter is observed. Routine differential 
pressure measurement across the filters will reveal a blocked filter. Failure to shut off the enclosure lights 
with the HVAC providing no airflow will be visually observable to the operator and will result in an 
increase in the FPA temperature. 


Analysis of Effects and Consequences 


The ISF Facility including the HVAC system is designed to ensure that the spent fuel can be handled 
safely and without significant contamination of areas within the facility. The ISF Facility including the 
ventilation systems have been designed and fabricated to address ALARA controls and practices as 
described in Section 4.3.1 and Section 7.1. Because of the design, a loss of the ventilation system under 
normal or off-normal operating conditions does not create a serious hazard. The HVAC system is 
designed to fail safe and to ensure that the FPA pressure remains either negative or neutral. The FPA is 
designed to provide confinement of the radioactive materials. Calculations indicate that even with a 
slightly positive pressure, there is no significant release of radioactive material and no adverse 
radiological consequences would result. 
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The ISF Facility electrical system and HVAC system are designed to safely shut down in a seismic event; 
however, one supply fan and one exhaust fan are connected to the standby power system and could 
provide up to 24 hours of continuous operation before the generators require additional fuel. These fans 
could continue to operate during a power outage to maintain the differential room pressures. The fans 
could also operate as necessary during any FPA recovery task in preparation for a longer term shutdown. 


The ventilation system includes both supply and exhaust HEPA filters for the FPA. Routine housekeeping 
within the FPA will minimize the particulate and debris load on the exhaust filters. The pressure drop 
across the filters is routinely measured to assess particulate buildup on the filters in order to determine the 
need, timing, and frequency of filter replacement. 


The inadvertent closing or failure of dampers would impact the differential pressure in the FPA. 
However, the HVAC control system is designed to react to changes in equipment and parameters to 
ensure that the pressure remains within the operational range. Manual balancing dampers for the FPA 
remain in the as-is position when the fans are shut down for maintenance. Tornado dampers on the supply 
duct and the exhaust duct close to protect the filters from the negative pressure created by the tornado and 
to maintain the confinement barrier. An operator could fail to re-open a damper. Attempting to operate the 
fans without opening the dampers will trip the fan as a result of deadheading. Fire dampers in ducts 
penetrating the FPA use an electrical-thermal link to automatically close the damper either by a signal or 
by sensing a set temperature. 


Failure of a HEPA filter seal is unlikely, as the filters are subject to extensive test and inspections by the 
vendor to meet the required specifications and are checked for proper operation at the time of installation. 
However, in the event of a seal failure because of component failure or improper installation, the system 
has built-in checks and redundancies to ensure that there would be no significant release of radioactive 
materials. A newly installed filter has an observable pressure drop if properly sealed. Failure during 
installation or operation would be observable because of the absence or loss of that pressure differential. 
In the event that the failure was not detected, the exhaust system includes filters inside the FPA and 
additional redundant exhaust filters outside of the FPA. The exhaust stack monitor would provide a final 
indicator if all elements of the system were somehow breached. 


Insufficient airflow does not affect the ability of the ISF components and structures to maintain 
confinement. As noted, the HVAC system is designed to ensure that the FPA pressure remains neutral on 
shutdown. Complete loss of the ventilation system without a corresponding shutdown of the enclosure 
lighting will result in an increased enclosure temperature. The allowable temperature limit is determined 
by the materials used for fabrication of process equipment and structural components, rather than by the 
SNF. Temperature controls will be set to protect the equipment and structures providing a limit well 
below the maximum allowable clad temperature. The maximum heat-up scenario would involve 
expansion of the enclosure atmosphere with the potential for a slight positive pressure. Release of 
radioactive material would be negligible due to the FPA design. Inlet and outlet ducts are equipped with 
HEPA filters and low leak rates are specified for windows, tornado dampers, and other confinement 
penetration seals. If overpressure were to occur it could result in some contamination of the adjacent 
areas. Radioactive material released through the enclosure penetrations would be contained within the ISF 
Facility and would require decontamination of the affected areas. 
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Calculations indicate that the maximum in-process fuel temperature under normal or off-normal 
conditions occurs with the fuel in the Fuel Operations and Monitoring Station of the FPA. The fuel can 
reach a maximum temperature of 305�F and the non-structural concrete shielding can reach 172�F. The 
maximum temperatures of the fuel and facility components are below the 400�F and 200�F respective 
maximum allowable limits (Table 4.2-53). They result in no adverse effects to the fuel or the facility. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


In the event of ventilation system fan failure, the in-process SNF will be left in place or moved to a 
predetermined configuration as appropriate, operations will be suspended, and the ventilation system 
repaired. When a blocked filter or breached filter is discovered this will also be addressed using standard 
procedures for the specific filter location. If a damper is found to be closed, it will be re-opened. The 
circumstances of any ventilation failure will be reviewed and appropriate corrective actions implemented. 
Decontamination would be performed using approved procedures and ALARA practices. If monitoring or 
observation of the FPA temperatures indicated a trend toward the maximum allowable limits because of 
the process lighting, any non-emergency lights would be turned off pending repair of the HVAC system. 
Release of radioactive material resulting from loss of negative pressure would consist of minor 
contamination of areas adjacent to the FPA, and would be contained within the facility. The 
contamination would be cleaned up using standard decontamination procedures. No significant release of 
radioactive material outside of the facility and no adverse offsite radiological consequences are 
anticipated to result from failure of the HVAC system or any individual HVAC system component. 


8.1.5.2 Loss of External Power Supply for a Limited Duration 


Postulated Cause of Event 


The event under consideration is a loss of the source of external power to the ISF Facility for a period of 
up to 24 hours. The cause of the event could be a number of external accidents, equipment breakdowns or 
malfunctions, or natural phenomena that result in a failure of the power utility network outside of the ISF 
Facility. 


Detection of Event 


This event would likely be detected by observation. The loss of function in powered equipment including 
lighting, services, or process operation would be readily recognized. Battery powered emergency lighting 
would be automatically illuminated along with activation or continued operation of specific systems on 
uninterruptible power supply (UPS) or standby power. 


Analysis of Effects and Consequences 


ISF Facility operations are designed to shut down in a safe mode upon loss of power. Although there are 
functions powered by UPS or standby power systems, these are operational or maintenance functions and 
are not required for safe shutdown of the facility or facility operations. Normal power functions are not 
required to enter and maintain a safe shutdown mode. The facility UPS and standby power systems are 
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not emergency power and can be allowed to fail. Systems or components that require emergency power 
have dedicated local UPS. 


The major consequence of loss of external power would be the loss of the HVAC system, with a 
corresponding loss of the negative pressure differential in the FPA and the continued generation of heat 
from the fuel or environment with no airflow to provide in-process heat transfer. The loss of negative 
pressure results in a neutral pressure in the FPA with negligible airflow into or out of the confinement 
area. Both the inlet and exhaust FPA ventilation ducts are provided with HEPA filtration and confinement 
barriers such as penetration seals and dampers remain intact. The loss of differential pressure is discussed 
in Section 8.1.5.1, Ventilation System Failures.


Loss of the HVAC system for any reason including loss of power has been evaluated and maximum and 
minimum facility area temperatures have been calculated based on the extreme off-normal ambient 
temperatures. Conservative limiting temperatures for each area are provided in Chapter 4, Table 4.3-2. 
Minimum temperatures may require suspension of operations using manual backup features, but will not 
damage the fuel or the facility structures. It may be necessary to drain portions of the water systems if ISF 
area temperatures drop below freezing. 


The in-process fuel temperatures for the limited duration outage are bound by the calculations of the 
maximum steady-state off-normal fuel temperatures analyzed at each in-process area. These calculations 
indicated that SNF would not approach the maximum allowable fuel or facility temperatures at any in-
process location under maximum off-normal conditions as discussed in Sections 8.1.3.4, 8.1.5.1, and 
8.1.5.3. The stored SNF in the storage tubes is cooled by natural convection; electrical power is not 
required to cool stored fuel. As stated previously, short-term minimum temperatures are not a concern for 
handling or storage of the SNF. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


Recovery and/or Corrective Actions 


There is no requirement to complete any operations before restoration of power under the limited power 
loss scenario. The ISF Facility is designed to shut systems down in a safe manner and standby power is 
available for the maximum outage period to operate the HVAC. The generator has sufficient fuel to 
operate for a minimum of 24 hours before refueling. The operation of the generator can be extended by 
providing additional fuel; however, safe shutdown of the facility does not require operation of the 
generator. The temperatures do not exceed allowable limits with conservative assumptions and no 
intervention. Depending on the anticipated length of the limited duration outage, in-process SNF may be 
moved to a different location. To accomplish this, the FHM hoist can be operated manually or on standby 
power provided by diesel generators. Manual back-up capability is provided on the FHM, CHM, and the 
receipt crane. While it may be desirable, it is not necessary to move SNF or equipment to achieve a safe 
facility status. There would be no release of radioactive material, and no adverse radiological 
consequences would result from the limited duration loss of power. 
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8.1.5.3 Off-Normal Ambient Temperatures 


Postulated Cause of Event 


The event considered involves severe sustained high temperature or low temperature scenarios. The cause 
of the event is extreme weather phenomena or operating conditions resulting in the upper or lower range 
of parameters for any off-normal operation. As a basis for analysis, it is assumed that the loaded shipping 
cask, the in-process fuel containers, and the stored canisters are subjected to the maximum high and 
minimum low off-normal ambient temperatures for an extended period. To provide a conservative 
evaluation, the maximum temperatures are considered to remain constant, i.e., no credit is taken for 
normal diurnal temperature variations. 


Detection of Event 


The extreme temperatures of these events would be readily detected by the observation of operations 
personnel and confirmed by ambient temperature monitoring. 


Analysis of Effects and Consequences 


Sustained temperature extremes of the magnitude analyzed are not anticipated, as even extended periods 
of high or low temperatures have diurnal fluctuations. The ISF Facility is designed to withstand the 
extremes and the HVAC system is designed to provide control of the facility temperatures during periods 
of maximum and minimum off-normal process temperatures and normal ambient weather extremes. The 
HVAC maintains temperatures, in areas other than the Cask Receipt Area or the Storage Area, within the 
normal ranges under these conditions. The Cask Receipt Area and Storage Area have exhaust fans and 
heaters that are provided for personnel comfort rather than climate control. The HVAC system and the 
design temperatures are discussed in Section 4.2.3.3.6. The HVAC system is not designed to function 
during extreme off-normal ambient temperatures. The off-normal ambient maximum and minimum 
temperatures considered are based on the location of the ISF Facility and the weather and natural 
phenomena history of the site, and on the fuel types and process operations. 


High or low temperatures in areas other than the Cask Receipt Area or the Storage Area would be 
mitigated by operation of the HVAC system to maintain normal facility temperatures for the extremes of 
normal ambient conditions. The HVAC system would continue to operate during periods of high off-
normal ambient temperatures, but may not be capable of maintaining the normal range of facility 
temperatures. If facility areas exceed maximum or minimum allowable area operating temperatures, 
operations would be suspended. The ISF procedures would suspend operations for extreme temperatures 
regardless of the initiating event. The range of off-normal temperatures within the facility has been 
calculated for each area of the ISF Facility and is provided in Chapter 4, Table 4.2-50. Within the ISF, 
calculations were performed to determine the maximum steady-state temperatures, under the maximum 
off-normal conditions for the SNF and associated structures in the following configurations: 


� DOE canisters in the fuel operations and monitoring station 


� decanning station for Peach Bottom fuel 


� fuel bucket operations station for TRIGA fuel 


� ISF baskets in the fuel loading stations 
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� ISF canisters in the ISF Transfer Cask 


� ISF canisters at the CCA 


� ISF canisters in the CHM 


� ISF canisters in the Storage Area vault 


Maximum temperatures of the fuel and surrounding structures were calculated for sustained off-normal 
facility temperatures with maximum anticipated decay heat sources. The calculations assumed that the 
fuel has reached steady-state conditions relative to the ambient temperatures. The maximum anticipated 
total heat source for each fuel type and for ISF canisters in the storage vault containing generic heat 
sources of 40W and 120W was used in the analyses. No specific fuel type was associated with the generic 
configurations. 


The maximum fuel temperature for any fuel type was found to be in the FPA fuel operations and 
monitoring station and was calculated to be 305�F. The temperature of the non-structural concrete 
shielding was determined to be 172�F. These temperatures were for TRIGA fuel and Peach Bottom Fuel 
concrete at the operation and monitoring station and subjected to a sustained off-normal ambient 
temperature of 165�F. The maximum temperatures of the fuel and facility components are below the 
400�F and 200�F respective maximum allowable limits (see Chapter 4, Table 4.2-53). They result in no 
adverse effects to the fuel or to the facility. The allowable temperature for structural materials is provided 
in Chapter 4, Table 4.2-53. 


Extreme low temperatures have no impact, as the ISF Facility design addresses the full range of normal 
and off-normal temperatures anticipated over the life of the facility. Design criteria and details of the 
systems used to maintain the conditions are discussed in Section 4.2.3.3.6. Restrictions on the facility, 
equipment, and SNF containers during ISF operations are limited to specific process minimum 
requirements. These include a minimum temperature required for moisture removal from the ISF 
canisters, and a minimum temperature established to meet code requirements for some lifting equipment 
structural materials. In the case of canister moisture content, the temperature and vacuum of the CCA dry 
and helium fill operation are controlled by procedures to ensure that the necessary vacuum drying 
parameters are met and the moisture is removed. Unacceptable parameters would require the process to be 
repeated or suspended until acceptable conditions are achieved. For the requirements imposed on lifting 
equipment, operations are curtailed if room temperatures are below 32�F. The thermal characteristics of 
the Peach Bottom Transfer Cask are provided in Appendix A. 


Recovery and/or Corrective Actions 


The calculated in-process fuel temperatures resulting from extreme ambient conditions are well below the 
maximum allowable fuel temperatures for each fuel type. The facility structures are designed to operate 
under the full range of off-normal temperatures and the storage vault is designed to operate safely under 
the maximum off-normal temperatures with no HVAC input required. Normal operations of transfer 
equipment will be curtailed if room temperatures drop below 32�F.


Operations within the other areas of the ISF Facility will be curtailed or limited if temperatures exceed or 
drop below the normal temperatures shown in Chapter 4, Table 4.2-50. The minimum operational 
temperatures are controlled by procedures. 
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As there would be no damage to SNF containers or SNF, there would be no release of radioactive 
material and no increase in anticipated exposure levels associated with these conditions. Recovery would 
involve resumption or restart of the facility operations using standard ISF procedures. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


8.1.6 Radiological Impact from Off-Normal Operations 


This section evaluates the ISF Facility’s capability to operate safely within the range of anticipated 
operating variations, malfunctions of equipment, and operator error discussed for the off-normal events 
previously discussed. Table 8.1-1 provides the off-normal event evaluated, the associated estimated dose 
(person-mrem), the method or means for detecting the event, the cause of the event, the associated 
corrective actions, and the effects and consequences. 
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8.2 ACCIDENTS 


This section provides the results of analyses of Design Events III and IV from ANSI/ANS-57.9-1984 and 
of several beyond design basis accidents. In accordance with 10 CFR 72, analyses are provided for a 
range of hypothetical accidents (Ref. 8-10). 


Reviews of the Safety Analysis Reports of other facility activities at the INTEC have determined that no 
credible explosion or fire associated with a co-located INTEC facility could occur that would pose a 
threat to the ISF Facility, which either exceeds a vehicular fire related to an ISF Facility service vehicle 
(Section 8.2.4.4), or exceeds the potential impacts of either wind loading or a tornado missile scenario 
(Section 8.2.5.4) (Ref. 8-11). Thus, the impacts of credible accidents involving fire or explosion at 
co-located INTEC facilities are bounded by the analysis of the design basis tornado and the combustion of 
fuel from an ISF Facility service vehicle. 


In the following section, each accident condition is analyzed to demonstrate that the applicable 
requirements of 10 CFR 72.122 are met and that adequate safety margins exist for the ISF Facility design. 
Radiological calculations were performed to confirm that onsite and offsite dose rates are within 
acceptable limits, as needed. The results show that the ISF Facility provides an adequate margin of safety 
for the protection of the public, facility personnel, and the environment. 


8.2.1 Transfer Cask Events 


8.2.1.1 Vehicular Collision with Transporter 


Collision of a vehicle with the Transfer Cask during transport from the ISF site boundary fence to the 
Cask Receipt Area is bounded by the transportation evaluation of the Peach Bottom cask in Appendix A. 
Impact of the transport with the ISF Facility structure is addressed in Section 8.2.4.3. 


8.2.1.2 Transfer Cask Drop During Hoisting Operations 


Cause of Accident 


This accident is not considered credible because the Transfer Cask will be handled with single-failure-
proof lifting arrangements. The cask receipt crane, interfacing lifting devices, and the Transfer Cask 
lifting trunnions have been designed and/or verified to comply with NUREG-0612, Control of Heavy 
Loads at Nuclear Power Plants, Resolution of Generic Technical Activity A-36.


Accident Analysis 


The Transfer Cask is lifted within the Cask Receipt Area by a 155-ton hoist from a horizontal position on 
the transport trailer. After raising the Transfer Cask to a vertical position, the transport vehicle is removed 
and a transfer trolley is put into place for support of the Transfer Cask in the vertical position. The floor 
area, a concrete basemat, provides the receiving surface for a worst-case drop configuration. The highest 
elevation of the bottom of the Transfer Cask would be in a vertical configuration approximately 10 feet 
above the floor, with the bottom of the Transfer Cask parallel to the plane of the concrete floor. 
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No additional analysis was performed for this postulated cask drop since the lifting configuration ensures 
a drop is not credible. The design details and drop analysis for the Transfer Cask are described in 
Appendix A of this SAR. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change in the criticality, confinement, or retrievability of the SNF. 


Radiological Consequences 


This event is not considered credible due to ISF Facility design features. Therefore, there are no 
radiological releases or adverse radiological consequences. 


8.2.1.3 Transfer Cask Tipover 


Cause of Accident 


This accident is not considered credible because there is no known causal factor that results in the 
Transfer Cask overturning. As shown in the evaluation of tornadoes, earthquakes, floods, and explosions, 
no known events at the ISF site would result in overturning of the Transfer Cask in the Cask Receipt 
Area.


Accident Analysis 


The Transfer Cask is lifted from a horizontal position on the transport vehicle to a vertical position. The 
transport trailer is then removed and a cask trolley is positioned under the suspended Transfer Cask; the 
cask is then placed directly in the cask trolley. 


The cask trolley is designed with a wide footprint, uplift restraints on the trolley rails, and the Transfer 
Cask is secured to the cask trolley to prevent overturning. In addition, an axle failure on the cask trolley 
will allow only a 1-inch drop of the trolley supported by the wheel. This is not sufficient to create a 
tipover concern as this scenario is part of the cask trolley design criteria. Therefore, this postulated event 
is not credible. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change in criticality, confinement, or retrievability of the SNF. 


Radiological Consequences 


This event is not considered credible due to ISF Facility design features. Therefore, there are no 
radiological releases or adverse radiological consequences. 


8.2.1.4 Cask Trolley Collision Events 


Cause of Accident 


The cask trolley is used to move the Transfer Cask into the decontamination area, under the FPA port for 
fuel transfer, and to return the empty cask to the Cask Receipt Area for return. The cask trolley rides on 
rails; this limited movement path prevents any credible impacts into structural members or fixed location 
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components. However, the inner and outer Transfer Tunnel doors and the canister trolley on the same 
track are potential impact sites during movement of the cask trolley. 


Accident Analysis 


Proximity sensors in the Transfer Tunnel provide positional information for control and operational 
interlock functions and initiation of speed controller functions (deceleration, etc.) to facilitate accurate 
positioning at each trolley stopping station. Overtravel of the trolley is prevented by an end-of-travel limit 
switch hardwired into the drive contactor control circuit. In addition, bumpers at each end minimize 
impact against the canister trolley, rail-mounted end stops, or inadvertently closed doors. The cask trolley 
is designed for impacts at a speed of up to 10 fpm without damage to the trolley or cask. The maximum 
operating speed for the cask trolley is 10 fpm. The cask trolley impact against the rail stops or canister 
trolley will be minimized by bumpers designed for an average rate of deceleration of 4.7 ft/sec2 (0.15 g) 
in accordance with Crane Manufacturers Association of America (CMAA) 70 (Ref. 8-12). The resulting 
forces from this deceleration are bounded by seismic and other loads and are not bounding in the trolley 
design. In addition, the Transfer Cask is rigidly mounted in the trolley. The ability of the Transfer Cask to 
withstand this deceleration is discussed in Appendix A of this SAR. 


Radiological Consequences 


There are no radiological releases or adverse radiological consequences due to the integrity of the 
confinement barriers and shielding material. 


8.2.2 Fuel Packaging Events 


8.2.2.1 Drop of DOE Fuel Container During Handling 


Cause of Accident 


The accident considered here is dropping a DOE fuel container from the maximum height of the FHM 
into the Peach Bottom cask or onto the FPA floor. Single-failure-proof lifting devices handle the loaded 
DOE fuel containers as described in Chapter 4. Some of the DOE fuel containers have not been 
demonstrated to meet the single-failure-proof criteria of NUREG-0612 (Ref 8-6). A drop of these fuel 
containers is discussed in Section 8.2.2.1 of Appendix A to the SAR, Safety Evaluation of the Transfer 
Cask. For information on handling of individual fuel elements, refer to Section 8.1.2.4. A discussion of 
the ISF Facility design features and operations that minimize the probability of a drop scenario are 
presented below. 


1. Operator Errors 


The lifting devices used in conjunction with the FHM for lifting DOE fuel containers will be used 
remotely by operators viewing the FHM operations through the shielded windows of the FPA. 
They are mechanical devices that require no electrical, hydraulic or pneumatic services and they 
have no remote latching or delatching capability. Latchings and delatchings will be performed 
mechanically by the operator using the PMS or MSM. The top hook eye of each lifting device 
will be fitted to the FHM hook. The FHM hook will have a safety latch actuated by the PMS or 
MSM that ensures that the lifting device stays secured to the hook. The operators are provided 
with visual indication that the lifting device is engaged and locked to the item being lifted. This 
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approach ensures that there is no single action by which the operator could inadvertently release a 
load from the FHM during handling operations. 


2. Mechanical Failure 


The FHM crane, including the hoist design meets the requirements of NUREG-0554, Single-
Failure-Proof Cranes for Nuclear Power Plants. These requirements are met by designing the 
FHM to meet the requirements of Crane Manufacturers Association of America (CMAA), 
Specification 70, and American Society of Mechanical Engineers (ASME) B30.2, as 
supplemented with additional requirements of NUREG-0612, Control of Heavy Loads at Nuclear 
Power Plants, NUREG-0554; and AWS D1.1 Structural Welding Code (in lieu of AWS D1.14 
specified in CMAA-70). 


Lifting devices used for handling fuel comply with ANSI/ANS N14.6-1993. For lifting devices 
with dual load paths, the load-bearing members of the lifting devices are designed to lift three 
times the weight without exceeding the minimum tensile yield, and five times the weight without 
exceeding the ultimate tensile strength of the materials. For lifting devices with a single load path, 
the load-bearing members of the lifting devices are designed to lift six times the weight without 
exceeding the minimum tensile yield and ten times the weight without exceeding the ultimate 
tensile strength of the materials. Certain lifting devices used to handle fuel in the FPA have been 
designed to handle fuel elements where a single failure proof load path, or dual load paths, are not 
possible. An example is a friction grip device used to handle Peach Bottom Core 2 fuels where 
the handling feature on the fuel element has been removed. These devices will not meet all 
requirements of ANSI N14.6, Section 4.3.5 (positive means of attachment to the fuel under load 
in all handling positions) and 7.1b (single failure proof design). The fuel handling operations in 
question will occur within the FPA confinement boundary, and the fuels will be packaged and 
stored in a manner consistent with NRC requirements for failed fuel. Under these conditions, 
dropping a fuel element will not result in unacceptable dose consequences during handling or 
storage. Therefore, these exceptions are considered acceptable. 


The FHM will be proof loaded to the requirements of NUREG-0612 and CMAA 70. The lifting 
devices will be proof loaded to 300 percent of the maximum critical load in accordance with 
ANSI/ANS N14.6. The FHM maintenance criteria are provided in NUREG-0554; ANSI N14.6 
provides for periodic testing of lifting devices; and ANSI/ASME B30.2 provides for maintenance 
and periodic testing and inspection. 


Those DOE fuel containers that have not been demonstrated to meet the single-failure-proof 
design criteria are discussed in Section 8.2.2.1 of Appendix A of the SAR. 


3. Electrical Failure 


The FHM hoist uses two separate hoist motors, gear reducers, and hoist cables, to ensure 
redundant electrical systems are available to hold and move the load. The lifting devices are 
mechanically delatched using the PMS or MSM. An electrical failure can therefore not cause a 
decoupling of the lifting device. 
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4. Seismic Damage 


The lifting devices are mechanically delatched using the PMS or MSM. An electrical failure such 
as from activation of the facility seismic switch can therefore not cause a decoupling of the lifting 
device. The lateral loads on the lifting device in a seismic event will be small compared to normal 
operating loads. 


5. Hoist System Failure 


The FHM hoist is a single-failure-proof system designed to the requirements of NUREG-0554, as 
described in Item 2 above. The hoist includes redundant hoist motors, gear reducers, and hoist 
cables. Thus, protection against a drop accident is inherent in the engineering design. 


Accident Analysis 


The consequences associated with the drop of a DOE fuel container during handling are discussed in 
Section 8.2.2.1 of Appendix A of the SAR.  


8.2.2.2 Drop of ISF Basket During Handling 


Cause of Accident 


The accident considered here is dropping an ISF basket from the maximum height possible while 
suspended from the FHM hoist into the ISF canister or onto the FPA floor. The loaded ISF basket is 
handled by single-failure-proof lifting devices as described in Section 4.7. Therefore, no credible drop 
scenarios can be constructed for a basket suspended by the FHM. Additional discussion of why this drop 
scenario is not credible is presented below. 


1. Operator Errors 


The lifting devices used in conjunction with the FHM for lifting baskets will be used remotely by 
operators viewing the FHM operations through the shielded windows of the FPA. They are 
mechanical devices that require no electrical, hydraulic or pneumatic services and they have no 
remote latching or delatching capability. All latchings and delatchings will be performed 
mechanically by the operator using the PMS or MSM. The top hook eye of each lifting device 
will be fitted to the FHM hook. The FHM hook will have a safety latch actuated by the PMS or 
MSM that assures the lifting device stays secured to the hook. The operators are provided with 
visual indication that the lifting device is engaged and locked to the item being lifted. This 
approach ensures there is no single action by which the operator could inadvertently release a 
load from the FHM during handling operations. 


2. Mechanical Failure 


The FHM crane, including the hoist, is a single-failure-proof design that meets the requirements 
of NUREG-0554. These requirements are met by designing the FHM to meet the requirements of 
CMAA 70, and ASME B30.2, as supplemented with the additional requirements imposed by 
NUREG-0612, NUREG-0554 and AWS D1.1. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 8.2-6 


Lifting devices used for handling the ISF basket comply with ANSI/ANS N14.6. For lifting 
devices with dual load paths, the load-bearing members of the lifting devices are designed to be 
lift three times the weight without exceeding the minimum tensile yield and five times the weight 
without exceeding the ultimate tensile strength of the materials. For lifting devices with a single 
load path, the load-bearing members of the lifting devices are designed to lift six times the weight 
without exceeding the minimum tensile yield and ten times the weight without exceeding the 
ultimate tensile strength of the materials. 


The FHM hoist will be proof loaded to the requirements of NUREG-0612 and CMAA 70. The 
lifting devices will be proof loaded to 300 percent of the maximum critical load in accordance 
with ANSI/ANS N14.6. The FHM maintenance criteria are provided in NUREG-0554; ANSI 
N14.6 provides for periodic testing of lifting devices; and ANSI/ASME B30.2 provides for 
maintenance and periodic testing and inspection. 


The basket structural attachment points to the lifting devices are discussed in Appendix A. 


3. Electrical Failure 


The FHM hoist uses two separate hoist motors, gear reducers, and hoist cables, to ensure 
redundant electrical systems are available to hold and move the load. The lifting devices are 
mechanically delatched using the PMS or MSM. An electrical failure can therefore not cause a 
decoupling of the lifting device. 


4. Seismic Damage 


The lifting devices are mechanically delatched using the PMS or MSM. An electrical failure can 
therefore not cause a decoupling of the lifting device. The lateral loads on the lifting device in a 
seismic event will be small compared to normal operating loads. 


5. Hoist System Failure 


The FHM hoist is a single-failure-proof system designed to the requirements of NUREG-0554, as 
described in Item 2 above. The hoist includes redundant hoist motors, gear reducers, and hoist 
cables. Thus, protection against a drop accident is inherent in the engineering design. 


Accident Analysis 


Based on the design features provided to ensure that the load is supported in accordance with NRC 
guidance, this hypothetical accident is not considered credible. The structural integrity of the ISF basket is 
maintained, thereby maintaining the integrity of the fuel. Therefore, there is no change in criticality 
conditions, confinement, or retrievability of the SNF. 


Radiological Consequences 


The structural integrity of the basket is maintained, thereby maintaining the integrity of the fuel. 
Therefore, there are no postulated radiological releases or adverse radiological consequences for this 
postulated event. 
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8.2.2.3 Canister Trolley Movement in Raised Position 


Cause of Accident 


The postulated accident involves motion of the canister trolley on the rails while the canister cask and 
filled canister are in an elevated position or in transit to an elevated position. The canister trolley performs 
three primary transfer functions: 1) moving a new ISF canister from the CCA storage location to the FPA 
port, 2) returning the filled canister to the CCA port for canister closure, and 3) moving the canister to the 
Storage Area port for retrieval by the CHM. At each port location (CCA, FPA, and storage area ports), the 
canister and canister cask must be raised into and lowered from the port opening using the canister trolley 
jacking function. Further descriptions of the canister trolley jacking function and operational sequences 
are found in Sections 5.1.1.2.9-11 and 4.7.3.2.3. The postulated accident is caused by movement of the 
canister trolley on the rails while the canister and canister cask are in the elevated position at a port 
opening or during the raising or lowering of the canister and canister cask into the CCA port, storage area 
port, or FPA port. Controls for the canister trolley movement are manually actuated from the CCA and 
monitored by video camera input and sensor inputs at the control panel. Operator error or electrical faults 
are the postulated methods for attempting to move a canister trolley with the canister and canister cask in 
the raised position. 


Accident Analysis 


Proximity sensors in the Transfer Tunnel provide positional information used for indication, control, and 
operational interlock functions and initiation of speed controller functions (deceleration, etc.) to facilitate 
accurate positioning at each trolley stopping station. When the canister trolley is positioned under the 
appropriate port, an ITS locking pin will be used to seismically restrain the trolley during fuel transfer 
activities. An ITS interlock will prevent release of the locking pins when the jacking system is in any 
position other than fully lowered. As a result of physical restraint of the canister trolley by the locking pin 
and the locking pin/jacking system interlock, an inappropriate operator action or single electrical fault 
cannot cause movement of the canister trolley with the canister cask in the raised position. This postulated 
accident is considered a non-credible event because it is protected by these ITS features. Therefore the 
structural integrity of the canister cask and canister are maintained, thereby maintaining the integrity of 
the SNF. There is no change in criticality conditions, confinement, or retrievability of the SNF. 


Radiological Consequences 


There are no radiological releases or adverse radiological consequences due to the integrity of the 
confinement barriers and shielding material. 


8.2.3 Fuel Storage Accidents 


8.2.3.1 ISF Canister Drop 


Cause of Accident 


The accident considered here is dropping a canister from the maximum possible hoist elevation of the 
CHM hoist into an open storage tube in the Storage Area. The loaded canister is handled by single-
failure-proof lifting devices. Therefore, there are no credible drop scenarios for a canister suspended in 
the CHM. Additional discussion of why this drop case is not credible is presented below. 
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1. Operator Errors 


The CHM hoist and canister grapple are both single-failure-proof lifting devices. It is possible for 
an operator to attempt to command the CHM to disengage the canister grapple while a canister is 
suspended. This is prevented by CHM mechanical and electrical interlocks. Positive mechanical 
interlocking is provided to ensure the grapple cannot disengage the canister unless the canister’s 
weight is supported. An electrical interlock that uses the canister hoist load cell to detect the 
presence of a canister prevents the grapple from being opened while a canister is suspended. 
Electrical and control devices associated with the grapple are interlocked with the canister hoist 
controls; therefore, in a loaded condition the hoist cannot be operated unless the grapple jaws are 
locked in place and the appropriate weight detected. 


A canister that is fouling against the side of the storage tube or contacting the charge face would 
reduce the load sensed by the hoist load cell, potentially allowing inadvertent release of the 
canister grapple. This is prevented by grapple control interlocks that prevent the grapple from 
operating unless the CHM is correctly positioned and locked, the turret properly aligned and 
locked in place, and the grapple in a recognized seating zone. This is also prevented by hoist 
control interlocks that detect a below-minimum-weight condition (indicating slack rope or a snag) 
and above maximum weight condition (potentially a snag). This approach ensures there are no 
means by which the operator could inadvertently release a load from the CHM during handling 
operations.


2. Mechanical Failure 


The CHM, including the hoist, is a single-failure-proof design that meets the requirements of 
NUREG-0554. These requirements are met by designing the CHM to meet the requirements of 
CMAA 70, and ASME B30.2, as supplemented with the additional requirements imposed by 
NUREG-0612, NUREG-0554 and AWS D1.1. 


The CHM canister grapple complies with ANSI/ANS N14.6. The canister grapple meets the 
requirements of a critical load handling device. For critical load lifting devices with a single load 
path, the load-bearing members of the lifting devices are designed to lift six times the weight 
without exceeding the minimum tensile yield and ten times the weight without exceeding the 
ultimate tensile strength of the materials. The canister hoist load cells will provide the feedback 
for grappled weight indication and are interlocked into the control system to ensure that the hoist 
and grapple are not overloaded. 


The CHM will be tested to the requirements of NUREG-0612 and CMAA 70. The CHM 
maintenance criteria are provided in NUREG-0554, and ANSI/ASME B30.2 provides for 
maintenance and periodic testing and inspection. 


3. Electrical Failure 


Failure of the electrical system, including electrical interlocks, cannot cause a drop accident. 
Once loaded, the canister grapple cannot mechanically uncouple until the weight of the canister is 
removed. 
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4. Seismic Damage 


The canister grapple cannot release when the canister weight is sensed by the hoist load cells and 
hence while the load is being carried. The lateral loads on the canister grapple are small compared 
to normal operating loads. 


5. Hoist System Failure 


The hoist support system is double suspension designed to the requirements of NUREG-0554 as 
described in Item 2 above. The canister grapple meets the requirements of ANSI/ANS N14.6. 
Thus, protection against a drop accident is inherent in the engineering design. 


Accident Analysis 


The CHM is used to position the canister over a pre-selected storage location and then lower it into the 
storage tube. Based on the design features provided to ensure that the load is supported in accordance 
with NRC guidance, this hypothetical accident is not considered credible. Therefore, there is no change in 
criticality conditions, confinement, or retrievability of the fuel. However, as described in Section 
4.2.3.3.1, this drop case has been evaluated as the worst-case non-mechanistic drop. The resulting 
stresses, reported in Table 4.2-11, are within Service Level D allowables. 


Radiological Consequences 


The structural integrity of the canister is maintained, thereby maintaining the integrity of the confinement 
boundary. Therefore, there are no postulated radiological releases or adverse radiological consequences 
directly resulting from the drop accident. 


8.2.3.2 Transverse Movement of the CHM with an ISF Canister Partially Inserted 


Cause of Accident 


This postulated accident occurs when the CHM moves relative to 1) the storage area port when the 
canister is being moved between the canister trolley cask and the CHM; or 2) the storage tube opening 
when the canister is being moved between the CHM and the storage tube. This relative motion can be 
caused by inadvertent movement of the CHM bridge or trolley, rotation of the turret assembly, or lateral 
acceleration of the turret base produced by a seismic event. Motion of the CHM relative to the storage 
area port and storage tube is prevented by ITS seismic clamps/locking pins and ITS interlocks. The CHM 
seismic analysis demonstrates that when the CHM bridge, trolley, and turret are seismically restrained 
during canister hoist operations, the maximum lateral motion of the base of the CHM turret in a DE is 
insufficient to cause the postulated accident. Therefore, no credible scenario for this postulated accident 
can be constructed. Further discussion of why this postulated accident is not credible is described below. 
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1. Operator Error 


Manual operator action is required to initiate CHM motion, so operator error is postulated as a cause 
for this accident. During ISF canister transfer operations at both the load/unload port and the storage 
tube, the CHM bridge, trolley, and turret are seismically restrained by clamps or locking pins. For the 
CHM hoist to operate, several ITS interlocks must be met. The CHM bridge and trolley seismic 
clamps cannot be released and the bridge and trolley cannot be moved unless the CHM canister hoist 
is fully raised. The CHM turret locking pin cannot be disengaged and the turret cannot be rotated 
unless the canister hoist is fully raised. These interlocks are in place for all CHM canister hoist 
operations and prevent motion of the CHM or rotation of the turret when the canister is only partially 
raised or lowered. 


2. Seismic Damage 


The span of the CHM system combined with the weight of the CHM turret assembly could potentially 
produce large lateral deflections at the nose of the CHM turret during a seismic event, potentially 
trapping the canister in the port or storage tube opening. ITS seismic clamps and locking pins restrain 
the CHM bridge, trolley, and turret assemblies from gross movements during ISF canister hoist 
operations. The CHM seismic analysis shows that when the CHM is seismically restrained, lateral 
motion of the CHM turret base produced by horizontal seismic acceleration in a DE is insufficient to 
cause this postulated accident. 


Accident Analysis 


Operator initiated attempts to move the CHM with a partially inserted ISF canister, either at the storage 
area load/unload port or storage tube, are prevented by ITS single-failure-proof interlocks. With the 
combination of procedural requirements for operator actions, seismic restraints and locking pins, and 
multiple interlocks to prevent inadvertent CHM movement while the ISF canister is partially raised or 
lowered, this event is considered not credible. Therefore, the structural integrity of the canister is 
maintained, thereby maintaining the integrity of the fuel. There is therefore no change to criticality 
conditions, confinement, or retrievability of the SNF. 


Radiological Consequences 


There are no radiological releases or adverse radiological consequences due to the integrity of the 
confinement barriers and shielding material. 


8.2.4 Other Postulated Accidents 


8.2.4.1 Adiabatic Heatup 


Cause of Accident 


This hypothetical accident would be caused by complete airflow blockage of the inlet and outlet vents and 
the inability of the facility to transfer any of the heat from the stored SNF to the surrounding environment. 
The analysis assumes that air flow through the facility ceases and no heat is transferred from the facility 
to the environment. Under normal and off-normal operating conditions, a continuous stream of air flows 
through sets of wire-mesh-screen covered inlet vents, around the storage tubes, and up through annular 
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gaps in the charge face, then exits through fixed louvers mounted in the upper portion of the Storage 
Area. The airflow required for heat transfer in the Storage Area circulates by natural convection. The 
evaluation assumes that components of the airflow system cease to function. This non-mechanistic 
hypothetical analysis provides the most conservative thermal transient response of the vault considering 
only the SNF decay heat and the material heat capacity of the vault components. The analysis also 
analyzes an accident blockage of 50 percent of the ventilation system. 


Accident Analysis 


Adiabatic Heat Up 


The analysis of this event uses a steady-state condition with the ambient temperature equal to 98�F and 
airflow in the annulus (between the storage tubes and up through the charge face) as the initial condition. 
The analysis is then changed to a transient condition with sudden removal of airflow in the annulus 
(simulating a full blockage condition with no internal air heat removed by convection and an adiabatic 
heat up of the storage tubes). A calculation was performed to compute the rate of temperature rise of the 
storage tube, its contents, and the charge face structure in the absence of any heat loss from the system. 


The maximum rate of temperature rise for the storage tube, canister, and fuel is calculated to be 0.35�F
per hour. Of these components, the concrete charge face, with a limiting normal maximum temperature of 
150�F (Chapter 4, Table 4.2-53), reaches its limiting normal temperature first. Assuming an initial 
temperature equal to the normal operational maximum of the vault storage tube of 120�F , the concrete 
limiting temperature is reached approximately 3.5 days after air flow is assumed to be blocked. The off-
normal maximum concrete temperature of 200�F is reached approximately 9.5 days after blockage. Over 
24 days would be required before the concrete temperature reached the short term concrete temperature 
limit of 350�F allowed by ACI-349 (Ref. 8-41). Use of the storage tube temperature is conservative, as 
the vault concrete temperature would be lower than the tube temperature, requiring additional time to 
reach the limiting concrete temperature. Periodic surveillance is required by ISF procedures with a 
minimum frequency specified in Technical Specification 3.2.2. This surveillance will provide sufficient 
safety margin to preclude overheating accident events during SNF storage. 


50-Percent Vent Blockage 


Using the bounding TRIGA fuel, the analysis of a blockage-accident scenario with 50-percent blockage 
of the vent path indicates that a loaded canister in the Storage Area will reach a maximum basket fuel 
tube temperature of 138�F and the vault storage tube will reach a maximum of 123�F. The maximum 
temperatures of the fuel and facility components are below the 400�F and 200�F respective maximum 
allowable limits (Chapter 4, Table 4.2-53). Vent blockage is unlikely due the vent design and location. 
The inlets are each large openings, with half on the north wall and half on the south. They are more than 
20 feet above outside ground level. Because screens are provided for the inlet vents, blocking material 
will be primarily on the outside and will be easily removed in a low exposure environment. There are no 
credible sources of blockage around storage tubes behind the air inlet screens, as the lower level is 
unoccupied. Annular vents are located on the charge face floor and discharge into the upper Storage Area. 
The floors are kept free of debris to enable operation of the CHM. Blockage by foreign material or debris 
would be unusual and would be readily observed. Also, the annular vents are easily accessible for 
removal of any foreign material. Outlet vents are large fixed louvers in the upper portion of the storage 
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building, with a clear viewing path from inside or outside of the facility. They are also easily accessed for 
removal of obstructions. Additional details of the ventilation system are provided in Section 8.1.3.5. 


Radiological Consequences 


Although the adiabatic heat-up is a hypothetical event, 9.5 days would be ample time to correct the cause 
of the ventilation blockage or lack of heat transfer. Should any of the inlet or outlet vents be found 
blocked, foreign material causing the obstruction would be immediately removed. Even a 50 percent vent 
blockage non-adiabatic scenario is not considered to be credible. However, based on the surveillance 
requirements, the blockage would be noted and removed, eliminating any extended period potential. The 
Storage Area’s ability to maintain adequate heat transfer (and therefore, geometry, confinement, and 
shielding) of the stored fuel would not be impaired. There would be no radiological releases and no 
radiological consequences from this event. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


8.2.4.2 Loss of Shielding 


Cause of Accident 


Natural phenomena, equipment failures, or personnel errors may cause degradation or loss of shielding. 
The causes, methods for detecting, and corrective actions for loss of shielding due to earthquake, fire and 
explosion, and vehicular impact are discussed in the other parts of this section where loss of shielding is 
involved or results from the postulated accident. Loss of shielding can also occur due to a tornado missile 
impact-induced penetration of concrete shielding or degradation of the charge face within the Storage 
Area. Potential tornado missile damage and loss of shielding are discussed in Section 8.2.5.4. 


Personnel errors that may cause loss of shielding include failure to install a shield plug or to inadvertently 
remove a shield plug at the point in the processing where one is required. Postulated accidents related to 
shield plug installation errors are addressed in the paragraphs below. 


Postulated Accident Scenarios 


1. Failure to install shield plug in filled fuel basket at FPA canister port. 


Postulated Cause of Event 


This event is postulated to occur as a result of operator error. In this postulated accident, the 
operator fails to place the shield plug into the filled canister prior to releasing the canister trolley 
for transport to the CCA for canister closure. During normal processing, a filled fuel basket is 
placed into a new canister located in the canister trolley cask, which is positioned under the FPA 
canister port. The shield plug is normally placed into the canister by the FHM following 
placement of the full fuel basket into the canister. 
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Detection of Event 


The presence of an open canister would be detected by the radiation area monitor in the Transfer 
Tunnel when the open canister is lowered from the FPA canister port. If the first monitor fails to 
detect elevated radiation levels, a second radiation area monitor located in the CCA would detect 
the open canister as the CCA port cover removal was initiated. The radiation monitors are tied 
into the IDCS, and trigger local and facility interlock alarms. 


Analysis and Recovery 


Fuel handling operations will be under administrative control and records of loading 
pattern/status will be routinely updated. No personnel are present in the Transfer Tunnel during 
movement of the canister trolley, therefore there is no risk of personnel exposure due to elevated 
radiation levels caused by the missing shield plug. The CCA cask port is shielded to insure that 
personnel who may be in the CCA during trolley movement in the Transfer Tunnel are not at risk 
of exposure. If the radiation area monitor in the Transfer Tunnel fails to detect the open canister, 
a second radiation monitor in the CCA will detect the open canister as the canister port is being 
raised, and it would be immediately replaced. An open canister detected in the Transfer Tunnel 
would be returned to the FPA for installation of the shield plug. This postulated accident would 
result in a delay in operations and locally elevated radiation levels. 


2. Failure to install storage tube shield plug in storage tube. 


Cause of Accident 


A postulated loss of shielding can occur if the storage tube shield plug is not installed into the 
storage tube following placement of a sealed canister into the Storage Tube. This can be caused 
by operator error or by failure of the CHM to release the tube plug. 


Detection of Event 


Absence of a tube plug would be noted by the operator’s observation of control panel indicators 
which report tube plug hoist, grapple, and cask status. 


Analysis and Recovery 


Fuel handling operations will be under administrative control and records of loading 
pattern/status will be routinely updated. The CHM provides redundant interlocks to ensure there 
is no loss of shielding if the tube plug is not placed into the storage tube. Shielding between the 
CHM canister cask and the charge face at the storage tube opening is provided by a shield skirt, 
which is in place any time fuel handling operations are taking place at the load/unload port or 
storage tube. Interlocks insure that the operator cannot raise the shield skirt, release the seismic 
restraints, or move the bridge and trolley without the tube plug in place in the storage tube. These 
single-failure-proof interlocks operate by detecting the position of the tube plug hoist, which must 
be fully raised, and/or the presence (or absence) of a tube plug in the tube plug cask. Therefore, 
an operator error resulting in a loss of shielding at the storage tube opening is not credible. 
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In the event of a failure of the tube plug hoist, there is a hand wind capability to allow raising or 
lowering of the tube plug manually. The tube plug can be lowered into the storage tube manually, 
thereby shielding the canister, or it can be raised into the tube plug cask and the canister 
recovered into the shielded cask while repairs to the hoist are made. 


3. Shield plug removed from loaded canister at CCA port 


Cause of Event 


In this postulated accident, the operator in the CCA removes a shield plug from a filled canister 
located in the canister trolley cask located at the open CCA port. 


Detection of Event 


The presence of an open canister would be detected by the radiation area monitor in the CCA. 
The radiation monitor is tied into the IDCS, and triggers local and facility interlock alarms. 


Analysis of Effects and Recovery 


Fuel handling operations will be under administrative control and records of loading 
pattern/status will be routinely updated. The canister shield plug is handled in the CCA with a 
lifting eye installed into a threaded hole located on the lifting feature used to lift the shield plug in 
the FPA. The shield plug cannot be lifted in the CCA using the same lifting feature used in the 
FPA. Prior to delivering a new canister and shield plug to the FPA, this lifting eye is removed and 
replaced with a grub screw. This prevents any inadvertent lifting of the shield plug once it returns 
to the FPA on a filled canister, as the necessary lifting feature is no longer available. Should the 
operator attempt to replace the grub screw with the lifting eye and lift the shield plug, removal of 
the shield plug from a filled canister would be detected by the radiation area monitor and trigger a 
local alarm. 


For the three postulated shield plug scenarios that can result in loss of shielding, the structural 
integrity of the canister cask and canister are maintained, thereby maintaining the integrity of the 
SNF. The radiation area monitoring and associated alarms described above must remain 
operational during the credible accident scenarios described above. There is no change in 
criticality conditions or retrievability of the SNF. 


Radiological Consequences 


The radiological consequence of the credible losses of shielding described above may include localized 
elevated radiation fields, however, no significant shielding concerns are raised, nor are any increased 
exposure rates expected. In the credible scenarios, radiation monitoring and alarms insure that any 
elevated radiation fields are detected as described and recovery activities can be immediately initiated. 
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8.2.4.3 Building Structural Failure onto Structures, Systems, or Components 


Cause of Accident 


The accident involves the failure of the building structure with subsequent impact to other ISF Facility 
structures, systems, and components (SSC). Failure of the facility structure could result from external 
forces such as vehicle impact, extreme natural phenomena, or overstressing of lifting mechanisms. The 
events considered include both concrete and steel structures where the failure of the structure has the 
potential for impacting ITS SSCs. This includes structures in the Cask Receipt Area, Storage Area, and 
Transfer Area. 


Accident Analysis 


The structures required to protect ITS SSCs and ensure ITS functions, or required to support lifting of ITS 
SSCs such as SNF casks, canisters, fuel containers, and SNF are designed to withstand anticipated natural 
phenomena including seismic events, as described in Section 3.2 and in Section 4.7.3.3. In addition, the 
not important to safety (NITS) primary structural steel members of the Cask Receipt Area, the Transfer 
Area, and the Storage Area have been designed to the same criteria and load combinations as ITS 
structures. These structures will continue to function during and after a natural event. 


The building structures that make up the load paths of facility ITS cranes are designed using regulatory 
guidance and codes that provide a significant margin of safety for the maximum anticipated loads. The 
ITS cranes are described in Section 4.7.1 and 4.7.3, and their components are designed to be single-
failure-proof, or incorporate added design margins if a single-failure-proof device is not feasible. These 
design criteria ensure that loads do not drop or collide with structural members as a result of fixture 
breakage, slipping, or shifting. The devices are provided with limit switches, overload protection, and 
interlocks as described in Section 5.2.1.2 to protect against jams, overloads, and equipment failures. 
Overloading of the building structures by ITS cranes would require multiple failures of handling 
equipment protection features in conjunction with failure to observe operational procedures. 


Although failure of the building structures is not considered credible due to natural phenomena or 
overstressing of lifting mechanisms, the Cask Receipt Area structure could be hit by the truck used for 
transporting the SNF casks. Procedures limit the use and speed of vehicles within the controlled area to 
minimize the potential for and consequences of vehicle impact. A cask drop could result from an impact 
to the structure with sufficient force to cause structure damage. The only scenario with a cask in the 
elevated position, and with the potential for sufficient vehicle speed (and therefore sufficient impact 
energy), would occur while loading the empty cask on the truck for return. As there would be no SNF 
involved, there would be no significant radiological consequences. A transporter impact event involving a 
loaded cask could only occur while the cask was on the truck and the truck was being moved into the 
facility. In this event cask drop would be minimized and the fuel container would be protected by the 
transportation cask. The scenario would be bounded by the transportation accidents as discussed in 
Appendix A. Once unloading of the cask begins, the truck moves in limited increments heading out of the 
receipt area. 
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Radiological Consequences 


Failure of the primary ISF Facility structures is not considered to be credible; therefore, there are no 
postulated radiological releases or adverse consequences from this event. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


8.2.4.4 Fire and Explosion 


Cause of Accident 


For fire hazard evaluation purposes the ISF Facility is divided into three fire areas. Fire Area 1 consists of 
the areas where spent fuel is removed from the Transfer Cask, processed into the ISF canisters, and 
prepared for storage. Fire Area 2 consists of the areas where the spent fuel is passively stored. Fire Area 3 
consists of the remaining portions of the ISF Facility, support structures, and the yard area. Non-
combustible structural members were used throughout the ISF Facility. However, certain areas contain 
small to moderate quantities of flammable or combustible materials and a fire is postulated to occur 
within these areas. Each fire area has unique properties to minimize the potential for exposing ITS SSCs 
to a postulated fire. 


The ISF Facility exclusion zone within the fenced boundary is cleared of vegetation and either paved 
(access roads) or surfaced with compacted gravel. The Transfer Area and switchyard area, which contain 
ITS SSCs, are a minimum of 100 feet from the outer edge of the perimeter fence. The significant sources 
of combustibles inside the perimeter fence would be: (1) diesel fuel in the tank(s) of the transport tractor, 
and tires on the tractor and trailer; (2) gasoline/diesel fuel in the tank(s) of the waste processing or 
delivery vehicles, and tires on the truck and/or trailer; (3) lube oil in the various hoist gear boxes and 
trolley drives; and (4) diesel generator double-walled fuel tank in the switchyard area, which would 
contain up to 1000 gallons of fuel, located over 20 feet northeast of the Transfer Area, and over 100 feet 
from the perimeter fence. 


The ISF Facility does not contain any flammable gas storage tanks on site or other products that could 
cause an explosion. The INTEC facility buildings, storage yards, fuel storage tanks, and access roads 
nearest the ISF Facility have been evaluated for potential impacts to the ISF Facility due to fire and 
explosions. Because of the limited combustible quantities and the substantial distances to the ISF Facility, 
it has been determined that they pose no threat to the ISF Facility ITS SSCs (Ref. 8-13). 


Accident Analysis 


Each fire area has unique fire loading characteristics and fire protection capabilities to address the 
postulated fire hazards. These will be described for each fire area separately. The combustible materials 
within each fire area/fire zone were estimated and then converted to a value that represents an equivalent 
fire duration. The standard used for this conversion was 80,000 btu/hr-sq. ft. as equivalent to a 1-hour fire 
duration. This standard is used for comparison purposes only, as the type of combustible material within 
each area or zone was considered for local impacts on ITS SSCs. As described below, none of the ISF 
Facility enclosures where ITS equipment or structures are located exceeds an equivalent fire duration 
loading of greater than 1 hour. 
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Fire Area 1 – Fuel Handling Areas 


Fire Area 1 is divided into five fire zones, these are the FPA, FHM Maintenance Area, CCA, North 
Transfer Tunnel, and Decontamination Area (South Transfer Tunnel). The purpose of this fire area 
boundary is to isolate ITS fuel handling and packaging activities from credible fires outside this area. The 
structural walls, floors, and ceiling surrounding this fire area are of reinforced concrete, and provide 
radiation shielding protection for the activities within this area. As a result the structural fire rating is 
equivalent to a 3-hour fire rating. However, the low combustible loading within this area and the 
surrounding areas requires less than a 1-hour fire rated barrier. Therefore, the penetrations into this fire 
area from doors, shield windows, ducting, etc., are rated for a 1-hour fire loading, or are constructed in a 
manner equivalent to a 1-hour rated structure. For the five fire zones within this fire area the worst-case 
fire loading amounts to less than a 30-minute equivalent fire duration. 


Fire sprinklers are not provided within this area due to radiological concerns from spent fuel handling. 
Fire detection is provided throughout the area, with remote air sampling detection for the FPA where 
spent fuel is handled outside of any container and personnel access is highly restricted. 


Fire loading outside this area is described in the Fire Area 3 fire zones discussion. 


Fire Area 2 – Storage Vaults 


Fire Area 2 consists of the ISF Facility storage vaults (storage vault 1 and storage vault 2). The purpose of 
this fire area boundary is to isolate ITS passive spent fuel storage areas from credible fires outside this 
area. The structural walls, floors, and ceiling surrounding this fire area are of reinforced concrete, and 
provide radiation shielding protection for the activities within this area. As a result the structural fire 
rating is equivalent to a 3-hour fire rating. However, the low combustible loading within this area and the 
minimal fire loading in surrounding areas requires less than a 1-hour fire rated barrier. Therefore, the 
penetrations into this fire area are rated for a 1-hour fire loading. The exterior wall air inlets and small 
annular gaps around each storage tube at the charge face are exceptions, discussed in Section 4.3.8.1.2. 
For the two fire zones within this fire area the worst-case fire loading amounts to less than a 10-minute 
equivalent fire duration. The only connecting structures to this area are the Transfer Tunnel (Fire Area 1) 
along the west side of the storage vaults, and the second floor storage area above. The remaining walls are 
exterior walls on the north, south, and east sides. 


The storage vaults are a high radiation area and are not accessible once spent fuel is stored within the 
storage tubes. The 1-hour fire rated barrier between this area and surrounding areas ensures adequate fire 
protection from credible exposure fire hazards outside this area. Fire sprinklers and fire detection are not 
provided within this area due to lack of credible fire hazards in this area. 


Fire loading outside this area is described in the Fire Area 1 and Fire Area 3 fire zones discussion. 


Fire Area 3 – Remaining Areas 


Fire Area 3 consists of the remaining ISF Facility structures (15 fire zones) and the general yard area. The 
purpose of this fire area boundary is to isolate Fire Areas 1 and 2 from exposure fire hazards and 
minimize the potential for radiological releases. The ISF Facility structures (15 fire zones) are Uniform 
Building Code (UBC) Type II non-combustible construction. The remaining structures that pose a 
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potential exposure fire hazard to Fire Areas 1 and 2 are described in the general yard area fire zone 
discussion.


Cask Receipt Area (Fire Zone 1) 


The Cask Receipt Area on the first floor contains ITS equipment/components and is separated from the 
adjoining Transfer Tunnel (Fire Area 1) by a 1-hour fire rated barrier or equivalent (if listed components 
are not available). The remaining walls are exterior walls, with no direct connection to other areas of the 
ISF Facility. The space is a steel frame structure with a metal clad wall panel system. The construction is 
equivalent to UBC Type II-N, with some upgrades as discussed below. Transfer Casks are brought into 
the space on a transporter truck and are unloaded with the cask lifting device. The casks are then placed 
on a trolley and are moved into the Transfer Tunnel. 


The ITS items within this fire zone include the cask receipt crane (155-ton), the cask receipt crane lifting 
equipment, cask receipt crane support structures, and the Transfer Cask. The worst-case fire loading 
amounts to less than a 30-minute equivalent fire duration. The Transfer Cask fire resistance is described 
in Appendix A of this SAR. Generally, structural steel will maintain the ability to support design loading 
for direct exposure fires lasting up to 10 minutes without fire barrier protection. Therefore, the ITS 
structural steel supports within this area will be protected with 1-hour fire rated material up to a height 
determined by the Fire Hazard Analysis (FHA) to mitigate the postulated exposure fire concerns. 


Fire detection and full sprinkler protection are provided within this fire zone. 


Second Floor Storage Area (Fire Zone 2) 


The second floor Storage Area contains ITS equipment and is separated from the adjoining Transfer 
Tunnel (Fire Area 1) by a 1-hour fire rated barrier, and from the storage vaults below (Fire Area 2) by a 
1-hour fire rated barrier. The space is a steel frame structure with a metal clad wall panel system. The 
lower 9 feet of the walls are constructed of 2-foot thick reinforced concrete equivalent to UBC Type I fire 
resistive construction with a 3-hour fire rating. The upper steel construction is equivalent to UBC 
Type II-N. It provides weather protection for the CHM used to move ISF canisters from the Transfer 
Tunnel into the storage tubes. 


The ITS items within this fire zone include the CHM, CHM rails, CHM grapple, ISF canisters (within 
CHM), and Storage Area fixed building ventilation (openings for natural circulation). The worst-case fire 
loading amounts to less than a 10-minute equivalent fire duration. The primary contributors to the fire 
loading within this area are the electrical cable insulation, hydraulics/lubricants, and neutron radiation 
shielding on the CHM. A significant portion of this combustible loading is the JABROC’N’, which 
provides neutron radiation shielding for the CHM. The JABROC’N’ material is a highly fire retardant 
wood-based product that will burn only when exposed to an external heat source. The material does not 
propagate fire and self-extinguishes. It would contribute heat only in the general area of another source 
fire. Other contributors to the combustible loading include high flashpoint lubricants in various 
machinery. The CHM is a massive structure that contains the grapple and ISF canisters; a postulated fire 
within this area would not adversely impact the ITS function of these items, including the support rails. 
The Storage Area fixed building ventilation is not susceptible to fire damage. 


Fire detection is provided within this fire zone. 
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Operating Gallery (Fire Zone 3) 


The operating gallery on the second floor does not contain ITS equipment, but does have ITS SSCs 
associated with the walls of the FPA and the CCA (Fire Area 1). The operating gallery is separated from 
the FPA and CCA by 1-hour fire rated barriers. In addition, the walls separating this zone from the 
Workshop (Fire Zone 4) and the Operators Office and Change Area (Fire Zone 5) are 1-hour fire rated 
barriers. The remaining walls are exterior facing walls with construction equivalent to UBC Type II-N. 
The space is used by personnel to operate the FPA manipulators and monitor progress of the packaging 
process.


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 10-minute 
equivalent fire duration. The 1-hour fire rating for the Fire Area 1 boundaries will not be adversely 
impacted by this postulated fire. 


Fire detection and full sprinkler protection are provided within this fire zone. 


Workshop (Fire Zone 4) 


The Workshop on the second floor does not contain ITS equipment, but does have ITS SSCs associated 
with the walls of the FHM Maintenance Area (Fire Area 1) including ITS components of the separating 
barrier. The Workshop is separated from the FHM maintenance area by a 1-hour fire rated barrier, 
including a door constructed in a manner equivalent to a 1-hour rated component. The wall between the 
Workshop and the corridor to the west is concrete block and is 1-hour fire rated, including the associated 
door. The wall between the Workshop and the operating gallery is gypsum and metal stud, and is 1-hour 
fire rated, including the associated doors. The exterior wall is constructed of steel framed metal clad panel 
protected with gypsum board for a 1-hour fire rating. The floor is concrete on metal deck and the ceiling 
is steel frame protected with gypsum, both maintaining a 1-hour fire rating. This fire zone is enclosed by 
1-hour fire rated barriers or components constructed in a manner equivalent to a 1-hour rated structure, 
and uses construction equivalent to UBC Type II-1-hour. 


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 10-minute 
equivalent fire duration. The workshop area may contain materials that are radioactively contaminated; a 
concern exists for the potential spread of contamination from a fire in this area. Therefore, this fire zone is 
enclosed in a 1-hour fire rated boundary or equivalent construction. 


Fire detection and full sprinkler protection are provided within this fire zone. 


Operator’s Office and Change Area (Fire Zone 5) 


The Operator’s Office and Change Area on the second floor does not contain ITS equipment, but does 
create an exposure fire hazard to the CCA, FHM Maintenance Area, and FPA (Fire Area 1). The 
Operator’s Office and Change Area is separated from the CCA, FHM Maintenance Area, and FPA by 
1-hour fire rated barriers. The remaining room outer walls are gypsum on metal stud. The rooms open 
into a walkway that connects the second floor operations area (Fire Zone 15) on the east side of the CCA 
with the operating gallery (Fire Zone 3) on the west side of the CCA. The wall separating the second floor 
operations area from this hallway is 1-hour fire rated. The wall separating the operating gallery from this 
hallway is 1-hour fire rated. The remaining walls are facing the exterior and are not fire rated. 
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The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 45-minute 
equivalent fire duration. Therefore, this fire zone is separated from Fire Area 1, Fire Zone 15, and 
Fire Zone 3 by 1-hour fire rated barriers. 


Fire detection and full sprinkler protection are provided within this fire zone. 


Electrical Room (Fire Zone 6) 


The electrical room on the first floor does not contain ITS equipment, but does create an exposure fire 
hazard to the FPA, Transfer Tunnel, and CCA (Fire Area 1). The electrical room is separated from the 
FPA, Transfer Tunnel, and CCA by 1-hour fire rated barriers on the south and west sides. The north side, 
facing the exterior and the New Canister Receipt Area (Fire Zone 10), and the ceiling (concrete on metal 
deck) are 1-hour fire rated, including the associated doors. The east wall, connecting to the battery room 
(Fire Zone 7) is 1-hour fire rated. This fire-rated arrangement protects the upper levels of the FPA and 
CCA from this exposure fire hazard. 


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 45-minute 
equivalent fire duration. Therefore, this zone is separated from Fire Area 1 by a 1-hour fire rated barrier. 


Fire detection and full sprinkler protection are provided within this fire zone. 


Battery Room (Fire Zone 7) 


The battery room on the first floor does not contain ITS equipment, but does create an exposure fire 
hazard to the FPA (Fire Area 1). The battery room is separated from the FPA by a 1-hour fire rated barrier 
on the southwest side. The north and east side, facing the exterior, the south wall (gypsum and metal 
studs), and the ceiling (concrete on metal deck) are 1-hour fire rated, including the associated door. The 
west wall connecting to the electrical room (Fire Zone 6) is 1-hour fire rated fire rated. This fire-rated 
arrangement protects the upper levels of the FPA from this exposure hazard. 


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 45-minute 
equivalent fire duration. Therefore, this zone is separated from Fire Area 1 by a 1-hour fire rated barrier. 


Fire detection and full sprinkler protection are provided within this fire zone. 


HEPA Filter Room (Fire Zone 8) 


The HEPA filter room on the first floor does not contain ITS equipment, but does create an exposure fire 
hazard to the FPA and Transfer Tunnel (Fire Area 1). The HEPA filter room is separated from the FPA 
and Transfer Tunnel by 1-hour fire rated barriers on the north and west sides. The south side, facing the 
exterior, the east wall (gypsum and metal studs), and the ceiling (concrete on metal deck) are 1-hour fire 
rated, including the associated doors. This fire rated arrangement protects the upper levels of the FPA 
from this exposure hazard. 


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 10-minute 
equivalent fire duration. Therefore, this zone is separated from Fire Area 1 by a 1-hour fire rated barrier. 
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Fire detection and full sprinkler protection are provided within this fire zone. In addition, the enclosed 
HEPA filters within this area are protected by an automatic/manual deluge water spray system. 


HVAC Exhaust Room (Fire Zone 9) 


The HVAC exhaust room on the first floor does not contain ITS equipment, but does create an exposure 
fire hazard to the FPA (Fire Area 1). The HVAC exhaust room is separated from the FPA by a 1-hour fire 
rated barrier. The west wall connecting to the HEPA filter room (Fire Zone 8) and north wall connecting 
to the battery room (Fire Zone 7) are 1-hour fire rated, including the associated door. The remaining walls 
are exterior facing and are also 1-hour fire rated. This fire rated arrangement protects the upper levels of 
the FPA from this exposure hazard. 


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 45-minute 
equivalent fire duration. Therefore, the direct exposure fire hazard is adequately protected against by the 
1-hour fire barriers and no credible exposure hazard from fire spread to the upper levels is possible due to 
the low fire loading within this area. 


Fire detection and full sprinkler protection are provided within this fire zone. 


New Canister Receipt Area (Fire Zone 10) 


The New Canister Receipt Area on the first floor does not contain ITS equipment, but does create an 
exposure fire hazard to the Transfer Tunnel and CCA (Fire Area 1). The New Canister Receipt Area is 
separated from the Transfer Tunnel and CCA by 1-hour fire rated barriers. The south wall separating this 
area from the Solid Waste Storage Area (Fire Zone 11) and electrical room (Fire Zone 6) is also 1-hour 
fire rated. The remaining walls, ceiling and doors surrounding this area are not fire rated. 


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 15-minute 
equivalent fire duration. Therefore, the exposure fire hazard is adequately protected by the 1-hour fire 
barrier separation and the fire barrier envelope will minimize the potential for radiological releases from 
this area. 


Fire detection and full sprinkler protection are provided within this fire zone. 


Solid Waste Storage Area (Fire Zone 11) 


The Solid Waste Storage Area on the first floor does not contain ITS equipment, but does present a 
potential for radiological release from a fire within this area, as well as an exposure fire hazard to a 
portion of the Transfer Tunnel (Fire Area 1). The Solid Waste Storage Area is separated from the Transfer 
Tunnel by a 1-hour fire rated barrier. The remaining walls, ceiling and doors, excluding the south wall, 
are 1-hour fire rated due to the potential radiological release concerns from a fire in this area. The south 
wall and associated doors are not rated as they separate this area from an associated SWPA (Fire 
Zone 12). 


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 45-minute 
equivalent fire duration. Therefore, the exposure fire hazard is adequately protected by the 1-hour fire 
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barrier separation and the fire barrier envelope will minimize the potential for radiological releases from 
this area. 


Fire detection and full sprinkler protection are provided within this fire zone. 


SWPA (Fire Zone 12) 


The SWPA on the first floor does not contain ITS equipment, but does present a potential for radiological 
release from a fire within this area, as well as an exposure fire hazard to a portion of the Transfer Tunnel, 
FPA, and FHM Maintenance Area (Fire Area 1). The SWPA is separated from the Transfer Tunnel, FPA, 
and FHM Maintenance Area by 1-hour fire rated barriers. The remaining walls and ceiling with 
associated shield plugs, excluding the north and south walls, are 1-hour fire rated due to the potential 
radiological release concerns from a fire in this area. The north wall and associated doors are not rated as 
they separate this area from an associated Solid Waste Storage Area (Fire Zone 11). The south wall and 
associated penetrations are not rated as they separate this area from the Liquid Waste Storage Area 
(Fire Zone 13), which is another potentially contaminated area. 


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 45-minute 
equivalent fire duration. Therefore, the exposure fire hazard is adequately protected by the 1-hour fire 
barrier separation and the fire barrier envelope will minimize the potential for radiological releases from 
this area. 


Fire detection and full sprinkler protection are provided within this fire zone. 


Liquid Waste Storage Tank Area (Fire Zone 13) 


The Liquid Waste Storage Area on the first floor does not contain ITS equipment, but does present a 
potential for radiological release from a fire within this area, as well as an exposure fire hazard to a 
portion of the Transfer Tunnel (Fire Area 1). The Liquid Waste Storage Area is separated from the 
Transfer Tunnel by a 1-hour fire rated barrier. The remaining walls, ceiling, and doors, excluding the 
north wall, are 1-hour fire rated due to the potential radiological release concerns from a fire in this area. 
The north wall and associated penetrations are not rated as they separate this zone from the SWPA 
(Fire Zone 12) which is another potentially contaminated area. The exterior wall on the south side is 
1-hour fire rated to protect against exposure fire hazards from postulated vehicle fires outside this area as 
described in the yard area (Fire Zone 16) discussion. 


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 5-minute 
equivalent fire duration. No combustible materials are normally associated with this fire zone, but 
transient materials may be brought into the area and represent the only credible fire loading. Therefore, 
the exposure fire hazard is adequately protected by the 1-hour fire barrier separation and the fire barrier 
envelope will minimize the potential for radiological releases from this area. 


Fire detection and full sprinkler protection are provided within this fire zone. 


First Floor Operations Area (Fire Zone 14) 


The first floor Operations Area does not contain ITS equipment, but does create an exposure fire hazard 
to the FHM Maintenance Area support structure (Fire Area 1) and the solid and liquid waste areas 
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(Fire Zones 11, 12, and 13). The entire east wall separating this fire zone from the Solid Waste Storage 
Area, Liquid Waste Storage Area, and SWPA (Fire Zones 11, 12, and 13) is 1-hour fire rated. The ceiling 
and exterior walls to the north, south, and west are not fire rated. 


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 45-minute 
equivalent fire duration. Therefore, the exposure fire hazard is adequately protected by the 1-hour fire 
barrier separation along the east wall. 


Fire detection and full sprinkler protection are provided within this fire zone. 


Second Floor Operations Area (Fire Zone 15) 


The second floor Operations Area does not contain ITS equipment, but does create an exposure fire 
hazard to the FHM Maintenance Area (Fire Area 1). The second floor Operations Area is separated from 
the FHM Maintenance Area by a 1-hour fire rated barrier. The entire east wall separating this fire zone 
from the transfer area second floor (Fire Zones 4 and 5) is 1-hour fire rated. The ceiling, floor, and 
exterior walls to the north, south, and west are not fire rated. 


The exposure fire hazard to Fire Area 1 from a worst-case fire loading amounts to less than a 45-minute 
equivalent fire duration. Therefore, the exposure fire hazard is adequately protected by the 1-hour fire 
barrier separation along the east wall. 


Fire detection and full sprinkler protection are provided within this fire zone. Small rooms and 
inaccessible areas, such as an HVAC duct chase and cable chase, are not provided with suppression or 
detection.


ISF Facility Yard Area (Fire Zone 16) 


The ISF Facility yard area contains the ITS seismic cutoff switch for power supplies in the switchyard 
area. The switchyard containing the seismic switch is located approximately 20 feet northeast of the 
Transfer Area of the ISF Facility at the closest point. A fire within this area could disable the seismic 
switch, but it is required to perform its isolation function only during an earthquake, which is not 
postulated to occur after a fire in this area. If an earthquake occurs first, then the seismic switch will 
perform its isolation function before any postulated fire that may occur as a result of the earthquake. 
Therefore, no fire-rated barriers are needed within this area to protect the seismic switch. 


The remaining hazards in the ISF Facility yard area include possible exposure fire hazards to Fire Areas 1 
and 2 from structures and components in the yard area. The five types of fire scenarios considered are 
structure fires, vehicle fires, diesel generator fuel fire, transformer fire, and a wildfire. 


There are several support structures within the ISF Facility complex that do not contain equipment 
classified as ITS. A fire at these structures could create an exposure fire hazard for the ISF Facility and 
the associated ITS SSCs. The potential for a fire in the surrounding buildings to impact the ISF Facility 
was assessed using the guidance in National Fire Protection Association (NFPA) 80A-1996. The 
surrounding buildings include the Guard House, Visitor Center, administration center, and storage 
warehouse. These surrounding buildings were found to be adequately separated from the ISF Facility by 
the minimum required separation distance. Based on this finding, there is no postulated adverse impact to 
the ISF Facility from a fire in these surrounding structures. 
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The postulated vehicle fires are caused by the trucks used to deliver the spent fuel cask, process the liquid 
waste, deliver the new canisters, or provide other support services. The delivery access paths generally 
maintain a distance of 20 feet or more from the Transfer Area for vehicle traffic. However, access or 
processing locations do exist at points where items are brought into the facility. Locations where vehicles 
will routinely enter the ISF building have been addressed in the fire hazards discussion above for each 
access point. The access points outside the facility that are bounded by the internal access evaluations are 
the Cask Receipt Area and New Canister Receipt Area. The remaining access point is for liquid waste 
processing outside of the Liquid Waste Storage Tank Area. The waste truck processing location maintains 
at least 10 feet between a truck or fuel spill fire and the outer 1-hour fire rated wall of the Liquid Waste 
Storage Tank Area. The area around the truck is bermed to contain any potential flammable liquid spill 
and maintain the 10-foot separation distance. The 10-foot distance is typically sufficient to prevent flames 
reaching the building under windy conditions, based on the angle of the flame and the height of the 
building. The combination of a 1-hour fire rated barrier and 10 feet of separation from a postulated 
vehicle fire near the liquid waste storage area is adequate to protect against fire damage to this 
radiologically controlled area. 


The diesel generator area in the switchyard area does not contain ITS equipment, but does create a 
potential exposure fire hazard to the ISF Facility. The potential explosion of the onsite diesel oil storage 
tank is not considered credible because of the low volatility and high flash point of the fuel. Diesel is not 
a flammable liquid but is classified as a Class II combustible liquid with a flash point between 100°F and 
140°F. The fuel supply for the diesel generator is stored in a 1000-gallon double-walled Underwriters 
Laboratory (UL) listed storage tank. The fuel storage meets NFPA 30-1996 guidelines for flammable and 
combustible liquids storage. In addition, the separation distance from the diesel generator to the ISF 
Facility is greater than 20 feet, which provides additional protection for the Transfer Area and any ITS 
contents.


The transformer is located in the switchyard area and, as noted above, has the ITS seismic switch nearby. 
The remaining hazard from a fire in this area is the potential exposure fire concern for the Transfer Area 
located over 25 feet from the transformer. The transformer contains approximately 600 gallons of 
transformer oil. The type of oil is classified as “Less Flammable” per Factory Mutual (FM) Data Sheet 5-
4 (2001). The minimum separation requirement per FM 5-4 for the transformer hazard is 25 feet for 
unapproved fluids and less for FM approved fluids (Ref. 8-14). The separation distance of 25 feet meets 
this minimum separation requirement and provides adequate protection of the ISF Facility from a 
postulated transformer fire. 
Range wild fires ignited by lightning or human activity have occurred near or on the Idaho National 
Laboratory (INL) site. Some of the exterior walls of the ISF Facility are not fire rated; thus, accumulated 
weeds and brush could ignite and spread fire into the structure. The ISF Facility minimizes vegetation 
around the structures, by covering the area with gravel and by routine housekeeping. The gravel covered 
area extends from the outer fence line of the perimeter fence over the entire ISF Facility grounds. The 
minimum distance between the ISF building and the outer perimeter fence is over 100 feet. Due to the 
sparse vegetation and lack of trees outside the fence line, this is adequate to prevent a wildfire from 
exposing the ISF Facility to an external fire hazard. 


As described above, non-combustible structural materials have been used throughout the ISF Facility, 
passive fire barriers are provided to separate fire hazards from ITS areas where possible, manual and 
automatic fire suppression capabilities are provided in key areas, and fire detection is provided in areas 
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where significant fires are credible. In addition, the ISF Facility will utilize administrative controls to 
limit transient combustibles, control welding and hot work activities, and maintain housekeeping to 
further minimize the potential for fires. 


Radiological Consequences 


The temperature of the Transfer Cask, storage canister, or storage tube would not significantly change in 
the event of a credible fire in or outside the ISF Facility. Radiologically controlled areas are enveloped by 
fire-rated barriers to minimize the potential for offsite releases. Water used for fire suppression has been 
addressed in the criticality evaluations and will not create a potential for a criticality accident. Therefore, 
there are no postulated radiological releases or adverse radiological consequences from these events. 


8.2.4.5 Maximum Hypothetical Dose Accident 


Cause of Accident 


This discussion describes a hypothetical, beyond design basis, non-mechanistic failure of the ISF canister 
confinement boundary and, separately, the ISF transfer area confinement boundary. These two events will 
bound an accident in either the interim storage configuration of the facility or the repackaging process at 
the facility. These hypothetical beyond design basis accident scenarios were selected to serve as worst-
case conditions to bound the consequences of any credible accident at the ISF Facility involving the 
release of, and subsequent atmospheric dispersion of radioactive material.  


Accident Analysis 


Canister Leakage Under Hypothetical Accident Conditions 


This evaluation assumes the canister is internally contaminated from failed fuel and the contamination is 
released to the environment. This scenario is conservative as there is no realistic mechanism for the 
particulate contamination to be released from the canister. Particulate contamination from spent fuel is the 
largest contributor to dose consequences from this hypothetical accident. 


In this accident analysis, it is postulated that a canister leaks at the maximum rate permitted by the closure 
helium leakage test acceptance criteria for a 30 day period. Such a leak would require a significant defect 
in the multiple pass closure weld. In addition, the ISF canister would not likely be outside of a sealed 
storage tube for more than 24 hours after the seal welding is completed during normal packaging 
operation, thus making the 30 day release assumption conservative. In this accident condition, it is 
assumed that cladding/coating of 100 percent of the fuel elements stored in the canister have ruptured.  


The SNF radionuclide release fractions are based on NRC Interim Staff Guidance-5 for accident 
conditions. Using the guidance of ANSI/ANS-5.10-1988 an atmospheric release fraction for a 30 day 
release of 0.0288 was determined. The ISF canister gaseous leak rate under the hypothetical accident 
conditions is 1.0 x 10-4 cc/sec. Dose conversion factors for internal dose due to inhalation and external 
dose due to submersion were obtained from EPA Federal Guidance Report No. 11. Environmental release 
factors considered in this analysis include: 


� Release is at ground level (3 meters height) for maximum dose to receptor (2 meters height) at 
nearby locations as well as the controlled area boundary. 
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� Assume wind is blowing (2 m/s) toward the receptor locations to maintain suspension of the 
released material. 


� Maximum allowed ISF canister leak rate release occurs over a 30 day period for this accident 
condition.


� The atmospheric stability class F was used and a �/Q for the controlled area boundary of 8.48 x 
10-6 s/m3 was calculated.  


This postulated non-mechanistic accident provides a bounding dose consequence case for the interim 
storage phase of operations at the ISF Facility.  


ISF Transfer Area Release Under Hypothetical Accident Conditions 


This postulated accident involves a loaded HEPA filter deflagration within the FPA followed by an 
assumed breach of the FPA confinement boundary. In order to develop the source term for this accident, 
radioactive contamination from fuel handled in the FPA is assumed to collect onto one of the five FPA 
HEPA exhaust filters up to an administrative exposure rate limit allowed for waste handling. In order to 
provide a mechanism for release from the facility, the loaded HEPA filter is assumed to undergo a 
deflagration. The deflagration in the FPA and the subsequent release from the FPA area are non-
mechanistic as there are no known causes for such events.  


The evaluation was performed separately for each of the SNF types. Radioactive contamination from a 
given fuel type was assumed to non-mechanistically accumulate on a HEPA filter until loaded to 250 
mR/hr, on contact. This dose rate represents the maximum radiation level allowed by ISF Facility 
administrative procedures prior to FPA HEPA replacement (in practice, filter elements may be replaced 
more frequently based on differential pressure). The quantity of contamination (curies) required to reach the 
250 mR/hr was determined for each of the fuel types to be repackaged in the FPA (TRIGA, Peach Bottom, 
and Shippingport Type IV Reflector Modules) using the radionuclide activities from Tables 7.2-1, 7.2-3, 
and, 7.2-4. The thickness and homogenized density of the contamination layer was determined by adding 
30% air to the volume of the fuel element to account for loose packing during entrainment. Using 
MicroShield (version 5.05), a source term was calculated corresponding to the 250 mR/hr exposure rate on 
contact at the center of the HEPA filter face. The calculated source term amount for each of the fuel types 
was calculated to be 0.04 Ci for TRIGA fuel, 0.1 Ci for Shippingport Type IV Reflector Module, and 0.1 Ci 
for Peach Bottom fuel. The isotopic composition of the Peach Bottom fuel was selected since the TRIGA 
fuels and Shippingport Type IV Reflector Module are physically robust and not likely to result in 
dispersible material. 


A non-mechanistic deflagration was then assumed to provide an energy source for the radioactive 
material release. Using the guidance of ANSI/ANS-5.10-1988 a deflagration release fraction of 1 x 10-2


was established. Thus, a 1 x 10-2 fraction of the material loaded on the HEPA filter was assumed to be 
released to the atmosphere as a result of the filter deflagration. No credit was taken for other ventilation 
exhaust HEPA filtration or the stack height to further minimize release consequences. Dose conversion 
factors for internal dose due to inhalation and external dose due to submersion were obtained from EPA 
Federal Guidance Report No. 11. Environmental release factors considered in this analysis include: 


� Release is at ground level (3 meters height) for maximum dose to receptor (2 meters height) at 
nearby locations as well as the controlled area boundary. 


� Assume wind is blowing (2 m/s) toward the receptor locations to maintain suspension of the 
released material. 
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� Release of the entire calculated source term was assumed to occur over a 2 hour period for this 
accident condition. .


� The atmospheric stability class F was used and a �/Q for the controlled area boundary of 8.48 x 
10-6 s/m3 was calculated.  


This postulated non-mechanistic accident provides a bounding dose consequence case for the SNF 
packaging phase of operations at the ISF Facility.  


Radiological Consequences 


The off-site radiological consequences of these non-mechanistic accidents were evaluated at the 
controlled area boundary. Based on the isotopic composition of the SNF types handled at the ISF Facility, 
Peach Bottom 2 fuel was identified as bounding for off-site dose consequences. The resulting dose for the 
ISF canister leak and FPA HEPA filter release at the closest controlled area boundary distance of 
13,700 meters is 0.003 and 0.02 mrem TEDE, respectively. These calculated results are well below the 
5,000 mrem accident dose limit of 10 CFR 72.106. Figures 8.2-1 and 8.2-2 provide dose results for 
distances closer to the ISF Facility for the bounding FPA HEPA filter release. The dose rates calculated 
for the nearer locations show that the resulting dose rates for workers at nearby facilities would be well 
below accepted regulatory limits. 


8.2.5 External Events 


8.2.5.1 Loss of External Power for an Extended Interval 


Cause of Accident 


The accident considered is the loss of external power supply to the ISF Facility for an extended interval. 
Extended is defined as any period greater than 24 hours without refueling the standby generator, with the 
potential to continue for an indefinite period of time. The cause of the event could be an offsite accident, 
equipment breakdown or malfunction, or a natural event resulting in a major failure of the power utility 
network outside of the ISF Facility. 


Accident Analysis 


As indicated in Section 8.1.5.2, ISF Facility operations are designed to shut down in a safe mode upon 
loss of power. The FPA is designed to remain at a neutral pressure with no breach of confinement, and 
therefore, no release of radioactive material. HEPA supply and exhaust filters and penetration seals 
remain in place and continue to function as confinement barriers. Standby power is available to operate 
one supply and one exhaust fan for a minimum of 24 hours without refueling, but is not required to 
maintain confinement or heat transfer. Manual capability is provided on transfer equipment to optimize 
shutdown conditions, but is not required for safe shutdown. Manual or standby operation of the transfer 
equipment will be suspended at temperatures below 32�F.


There are no adverse temperature concerns in the Cask Receipt Area, as it is designed for the highest or 
lowest postulated ambient temperatures. The loss of air circulation cooling or heating via the ventilation 
system would have minimal impact in the Cask Receipt Area and minimal impact on the in-process cask 
in the Transfer Tunnel. Thermal properties of the Transfer Cask are provided in Appendix A. 
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Conservative calculations indicate that the maximum fuel and facility structure temperatures for the 
bounding fuel types are at the fuel operations and monitoring station of the FPA. The bounding TRIGA 
fuel steady-state maximum temperature is 305�F and the bounding maximum concrete temperature for 
Peach Bottom fuel is 172�F. None of the in-process fuel locations with the planned fuel types exceed the 
lowest maximum allowable temperatures for either the fuel at 400�F or the ISF Facility structure 
(concrete) at 200�F.


The Storage Area is unaffected by loss of power, because in addition to safe design shutdown of 
equipment and facility services, the storage vault is designed for passive storage. The storage tubes are 
cooled by natural convection and require no electrical input to function. Air inlets and outlets are fixed 
geometry, requiring no electrical or mechanical input to operate. 


If the loss occurs with the shipping cask or in-process SNF suspended by the cask receipt crane, the 
CHM, or the FHM, there is no requirement to continue operation to achieve safe shutdown status. 
However, a combination of standby power and manual operation are available to lower the SNF 
cask/containers to more stable positions. The standby power system is described in Section 4.1.2.3.4. 


Radiological Consequences 


The ISF Facility shuts down in a safe mode. There is no loss of confinement and fuel or facility 
temperatures will not exceed the allowable design parameters. Standby and UPS power is available to 
provide interim capability and services but these are not required for safe shutdown. There are no 
postulated radiological releases or adverse radiological consequences from this event. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


8.2.5.2 Earthquake 


Cause of Accident 


The design earthquake is assumed to occur and to act on the ISF structures and components. 


Accident Analysis 


The ISF Facility ITS SSCs have been designed and analyzed for a seismic event as described in 
Chapter 4. The response spectra were developed based on site-specific data and a probabilistic hazards 
analysis as described in Sections 2.6.2.4 and 3.2.3. The ITS SSCs are designed to withstand the stresses 
and accelerations associated with the design seismic event. There will be no damage to the SNF container 
or the SNF, and no impact on public health and safety as a result of the event. The seismic analyses for 
the major structures or components are discussed below. 


Civil/Structural Analysis 


The primary structural steel members, concrete structures, and footings for the areas encompassed by the 
Cask Receipt Area, the Transfer Area, and the Storage Area are designed to withstand the forces and 
accelerations associated with the design earthquake. The storage tube assemblies, including the canister 
storage tubes, shield plugs, and lids, which provide the vault storage positions, have also been designed to 
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withstand these forces. In addition, the NITS primary structural steel members of the Cask Receipt Area, 
Transfer Area, and Storage Area have been designed using the same seismic criteria and load 
combinations as ITS structures. These structures will not adversely impact the SNF container or the SNF 
after a seismic event. The wall and roof panels and secondary support structures classified as NITS are 
not designed to withstand the design earthquake and may require repair or replacement after the event. 
These building components are not required to remain intact during the event and do not provide 
configuration control, confinement, support or structural protection for the SNF. Failure of these NITS 
systems would not result in damage to the SNF container or the SNF, and would not adversely impact 
public health and safety. The analysis of the ISF Facility structures is described in Section 4.7.3.3 and the 
analysis of the storage tube structures is described in Section 4.2.3.3. Based on these analyses, these 
systems will withstand the accident loads with no unacceptable consequences and no significant release of 
radioactive material. 


Cask Receipt Crane Analysis 


The cask receipt crane and supporting structural members in the Cask Receipt Area are designed to 
withstand the forces and accelerations associated with the design earthquake. The crane is designed to 
withstand the earthquake with cask loads of up to 155 tons. This is well above any load that will be 
supported during the currently planned campaigns. The crane remains in place and supports the 
suspended load through the design earthquake. The analysis of the cask receipt crane is described in 
Section 4.7.3.3.4. Based on this analysis, the crane will withstand the accident loads with no unacceptable 
consequences and no release of radioactive material. 


Transfer Area Trolley Analysis 


Both the cask trolley and canister trolley are designed to withstand the forces and accelerations associated 
with the design earthquake. With a fully loaded Transfer Cask or canister, the trolleys are designed to 
provide stable structures that prevent failure of, dropping, or significant damage to the SNF container. 
The analyses are described in Section 4.7.3.3.5 and 4.7.3.3.6. Based on this analysis, the transfer trolleys 
will withstand the accident loads with no unacceptable consequences and no release of radioactive 
material. 


FHM Analysis 


The FHM is designed to withstand the forces and accelerations associated with the design earthquake, 
without disengaging from the rails or dropping or damaging the SNF container. The FHM is operated 
within the FPA, which is a primary concrete structure that is also designed to withstand the event and to 
maintain confinement. The analysis is described in Section 4.7.3.3.7. Based on this analysis, the FHM 
will withstand the accident loads with no unacceptable consequences and without causing releases of 
radioactive material. 


CHM Analysis 


The CHM is designed to withstand the forces and accelerations associated with the design earthquake, 
without dropping or damaging the SNF canister. The analysis is described in Section 4.7.3.3.8. Based on 
this analysis, the CHM will withstand the accident loads with no unacceptable consequences and no 
release of radioactive material. 
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Ventilation System Analysis 


The HVAC systems are not required to function during an earthquake. A seismic switch will 
automatically shut off the power to the facility in the event of an earthquake, causing the HVAC system 
to shut down. Components of the HVAC system that make up part of the Transfer Area confinement 
boundary are designed to withstand the forces and accelerations associated with the design earthquake. 
This includes the supply HEPA filters, the internal exhaust HEPA filters, and connecting ductwork, and 
components from the filters to the enclosure walls. The components are designed to maintain the 
functional integrity of the FPA confinement barrier during and after the natural phenomena event. They 
are not required to remain fully operational without repair or replacement. The component details and 
analyses are described in Section 4.3.1.1. Based on this analysis, the necessary HVAC components will 
withstand the accident loads with no unacceptable consequences and no release of radioactive material.


Radiological Consequences 


The ITS structures and equipment have been designed to withstand the stresses and accelerations of the 
design earthquake. The earthquake will not breach confinement and will not damage the in-process or 
stored fuel or fuel containers. There are no postulated radiological releases or adverse radiological 
consequences from this event. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF. 


8.2.5.3 Flood 


Cause of Accident 


The limiting flood conditions assumed for the ISF Facility are the result of the probable maximum flood 
(PMF). The PMF is postulated as the result of the overtopping failure of the Mackay Dam, upstream of 
the ISF Facility on the Big Lost River. 


The sequence of events include a probable maximum precipitation event consisting of a 48-hour general 
storm, preceded 3 days earlier by an antecedent storm with a magnitude of 40 percent of the 48-hour 
storm. The postulated precipitation events would cause overtopping flow across the dam. The overtopping 
of the Mackay Dam is assumed to result in dam failure. 


The PMF results in a flood elevation at the ISF Facility site of approximately 4921 feet, with water 
velocities of approximately 1 to 3 feet per second. The PMF elevation exceeds the elevation of the floor 
level for several facility areas. Details concerning the development of and basis for the PMF are discussed 
in Section 2.4. 


Accident Analysis 


The effects of hydrostatic and hydrodynamic forces on potentially affected ISF Facility SSCs were 
considered in the design. In general, these forces are insignificant as compared to other normal, off-
normal, or accident loads on the affected SSCs. This evaluation concludes that the structural integrity of 
the ISF Facility confinement boundary would be maintained. 
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As identified in Table 2.4-3, the calculated time for the PMF wave to reach the ISF Facility is at least 
13.5 hours. This provides sufficient time to implement preplanned flood control measures. These 
measures include putting any on-going processing sequences into a secure configuration and securing 
waste containers in the SWPA. 


The Storage Area and the FPA are designed to prevent the ingress of floodwater. Penetrations and 
construction joints that are below the PMF in these areas are sealed to provide leak-tightness. The 
elevations of the various ISF Facility areas communicable with the floodwater and associated pathways 
are as follows: 


Area Elevation 
Outside Portal 


Elevations 
PMF Elevation 


Above Area Floor
Cask Receipt Area 4913’ – 2”  Below PMF ~ 7’ – 7” 
Transfer Tunnel 4912’ – 6” Below PMF ~ 8’ – 3” 
Solid Waste Storage/SWPA 4917’ – 6” Below PMF ~ 3’ – 3” 
Liquid Waste Storage Tank Area 4915’ – 0” Below PMF ~ 5’ – 9” 
HVAC exhaust room 4917’ – 6”  Below PMF ~ 3’ – 3” 


Flooding hydrostatic forces have been considered in the equipment designs for these areas, so any uplift 
will not damage equipment. Equipment such as the cask trolley, canister trolley, liquid waste storage 
tanks, and building structures include the flooding loads in their design basis. 


In the event the PMF does occur, potential contamination from the above areas could possibly be 
transported via the floodwater to the offsite boundary. Each potential contamination site is discussed 
below.


Cask Receipt Area 


� Transfer Cask – Incoming Transfer Casks will have been verified to be clean from radioactive 
contamination before receipt within the ISF Facility. Outgoing Transfer Casks will be 
decontaminated if any loose external radioactive contamination is identified by routine surveys. 
The cask will remain sealed while in this area, so internal contamination will not be subject to 
flood water conditions. 


� General area contamination – This area is a clean area and will be maintained free of loose 
radioactive contamination throughout the life of the ISF Facility. The cask trolley and Transfer 
Cask delivery/removal transport will be maintained free of radioactive contamination down to 
background levels. 


Transfer Tunnel 


� Peach Bottom Transfer Cask – If contamination occurs while removing SNF from the Transfer 
Cask, it will be decontaminated before release from this area back to the Cask Receipt Area. The 
process steps in the transfer tunnel are designed to minimize the potential for contamination. The 
normal radiological controls will minimize the loose contamination potentially present during 
flood conditions. 
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� Tunnel floor and walls – Normal radiological controls will monitor and remove loose radioactive 
contamination on the floor and walls of this area. 


� Cask trolley – Normal radiological control during processing and use of the trolley will monitor 
and remove loose radioactive contamination on exterior surfaces of the trolley that could come in 
contact with flood waters. 


� Canister trolley – Normal radiological control during processing and use of the trolley will 
monitor and remove loose radioactive contamination on exterior surfaces of the trolley that could 
come in contact with flood waters. Some contamination may be present on the inside surface of 
the canister heater module. Contamination of the inside surface of the canister is considered 
unlikely. The lower elevation of this canister cask in the trolley is below the flood level when in 
the lowered position. The design of the canister cask includes a water tight seal for any bottom 
joints as well as the side joints to prevent flood water contact with the potentially contaminated 
interior surfaces or the ISF canister. 


Other areas where flooding may occur include: 


� Liquid Waste Storage Tank Area 


o General area contamination – The tanks, pipes, pumps, and valves within this area will be 
leak tight to prevent the spread of contamination. Normal radiological control during 
processing of liquid waste will monitor and remove loose radioactive contamination on 
exterior surfaces of the equipment that may come in contact with flood waters. 


� Solid Waste Storage Area 


o Waste containers – The waste containers will be sealed and smeared for loose radioactive 
contamination to ensure the containers are suitable for shipment. No loose contamination 
will be present on the exterior of these containers that could act as a source term for 
release during a flood event. The contaminated interior of the containers will not be 
exposed to the flood waters.  


o General area contamination –The floor and walls will be surveyed periodically and 
decontaminated as necessary. Loose contamination that could act as a source term for 
release from exposure to flood waters will be removed.  


� SWPA


o Waste containers – The waste containers will be sealed and smeared for loose radioactive 
contamination to ensure the containers are suitable for shipment. No smearable 
contamination will be present on the exterior of these containers that could act as a source 
term for release during a flood event. The contaminated interior of the containers will not 
be exposed to the flood waters. 


o General area contamination – There will be no surface contamination in the outer work 
areas of the SWPA. These work areas will be surveyed periodically and decontaminated 
as necessary. Loose contamination that could act as a source term for release from 
exposure to flood waters will be removed. 
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� HVAC exhaust room 


o General area contamination – The HEPA filters inside the ductwork within this area may 
become contaminated during normal operations. However, the external surfaces of the 
HVAC systems are not expected to be contaminated. The ducting around the potentially 
contaminated HEPA filters is a leak tight system. Based on this design, the contamination 
present will not act as a source term for release from exposure to flood waters. 


This event involves no change to the fuel or structural configuration. Therefore, there is no change in 
criticality, confinement, or retrievability of the spent nuclear fuel. 


Radiological Consequences 


No source of radiological contamination has been identified from the above assessment of the flooding 
impact on each affected ISF Facility area. In addition, operating instructions will be provided to secure 
operations in potentially wetted areas upon warning of an impending flood. The amount of time available 
before flood waters could reach the facility will allow actions to be taken for securing operations and 
preventing local flooding of potentially contaminated areas. This will further ensure that no adverse 
radiological consequences result from this event. 


8.2.5.4 Extreme Wind 


Cause of Accident 


In accordance with ANSI-57.9 and 10 CFR 72.122, the ISF Facility is designed for tornado effects, 
including tornado wind loads and credible tornado missiles. The design basis tornado (DBT), as discussed 
in Section 3.2.1.1.2, has a maximum wind speed of 200 mph. A pressure drop across the tornado of 
1.5 psi was assumed in accordance with NRC Regulatory Guide 1.76 (Ref. 8-15). The DBT missiles are 
taken as Spectrum II missiles in Region III and are presented in Table 3.2-1. Extreme wind is classified as 
a natural phenomenon Design Event IV as defined in ANSI-57.9. 


The ISF Facility is constructed at the INL site, near Idaho Falls, Idaho, approximately 43°34’ north 
latitude and 112°55’ west longitude. Data on actual tornado occurrences and estimates of the probability 
of a tornado of various sizes occurring at locations throughout the United States have been published in 
NUREG/CR-4461, Tornado Climatology of the Contiguous United States (Ref. 8-16). The data indicate 
that the INL site area is one of the lowest tornado hazard areas in the United States. The average 
probability of any tornado occurring within this geographic region is 6.0 x 10-7 yr-1. The probability that a 
tornado of category F-2 or higher (wind speeds in excess of 113 mph) will occur is estimated to be 1.69 x 
10-7 yr-1, and the maximum wind speed that will occur with a probability of 1 x 10-7 yr-1 is estimated to be 
171 mph (category F-2). NRC Guidance specifies tornado missile-induced events with a probability of 
occurrence less than 1 x 10-7 yr-1 need not be considered when evaluating ITS SSCs (Ref. 8-17 and 8-18). 


Accident Analysis 


The ISF Facility has been designed and analyzed to withstand the effects of extreme wind conditions 
generated by severe natural phenomena. These include high wind pressure loadings, differential pressure, 
and credible wind-generated missiles. 
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The full list of Spectrum II missile details and associated velocities include: 


� 115-pound wooden plank traveling at 190 feet/sec 


� 287-pound 6-inch diameter steel pipe traveling at 33 feet/sec 


� 9-pound 1-inch diameter steel rod traveling at 26 feet/sec 


� 1124-pound utility pole traveling at 85 feet/sec 


� 750-pound 12-inch diameter steel pipe traveling at 23 feet/sec 


� 4000-pound automobile traveling at 134 feet/sec 


The DBT load combinations are defined in Section 3.2.1.2. Analyses of the missile spectrum indicate that 
the heavier missiles will not be generated by wind speed less than 200 mph. The large missiles such as the 
utility pole and 12-inch steel pipe are not credible missiles (Ref. 8-19). The automobile sized missile will 
not be picked up or sustained by tornado events with wind speeds of 200 mph or less (Ref. 8-20). 
Therefore, the tornado missile analysis addresses the light object missiles (wooden plank, 6-inch steel 
pipe, and 1-inch steel rod). 


The acceptance criteria for the analysis of the DBT are to ensure that ITS SSCs can perform their function 
during and following a DBT. These include SSCs required to protect or maintain confinement of the spent 
fuel, prevent criticality, and ensure adequate shielding. The ISF Facility design provides confinement 
barriers with sufficient structural capacity to withstand the DBT loadings, or through the provision of 
tornado missile barriers with sufficient structural capacity to withstand the DBT loadings and protect the 
confinement boundary. Analysis of the DBT missile loadings has determined: 


� minimum thickness of steel to prevent local perforation is 0.08 inches 


� minimum thickness of concrete to prevent scabbing is less than 7 inches 


� a reinforced concrete wall 12 inches thick is acceptable for DBT missile protection 


The confinement boundaries for the ISF Facility are defined in Sections 4.2.2.3 and 4.7.2.3. The 
confinement boundaries and the corresponding DBT missile protection features are summarized in 
Table 8.2-1. DBT protection for the various ISF Facility areas and configurations is discussed below. 


For the cases discussed below, the potential for criticality is bounded by the evaluation presented in 
Section 4.7.3.4. That evaluation assumes optimum spacing, flooded conditions where appropriate, and 
full reflection. These conditions cannot be met or exceeded under any of the cases discussed below. 
Therefore, the SNF would remain subcritical for the cases discussed below. 


Case 1 - Outside Receipt Area 


While the Transfer Cask is inside the site boundary but outside of the Cask Receipt Area, DBT protection 
is provided by the Transfer Cask. The analyzed configuration consists of the Transfer Cask secured to the 
transporter. The loadings for this configuration and the results of the analysis are provided in Appendix A 
of this SAR. 
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Case 2 - Inside Receipt Area, Transfer Cask on Transporter, Unsecured with Impact Limiters 
Removed 


Case 2 assumes the Transfer Cask is on the transporter, but within the Cask Receipt Area with the cask 
hold-downs removed. As in Case 1, the confinement boundary is provided by the Transfer Cask. DBT 
loadings were applied in the design of the Cask Receipt Area structure primary steel; therefore, this 
structure is not assumed to fail and impact the Transfer Cask during this event. The impact of non-
structural members of the Cask Receipt Area (e.g., the sheet metal siding) is bounded by the Spectrum II 
missiles assumed in the analysis. Therefore, analyses of the DBT loadings remain limited to the loadings 
identified in Table 3.2-1. The results of the analysis of this configuration are bounded by Case 1 and are 
provided in Appendix A of this SAR. 


Case 3 – Inside Receipt Area, Suspended by Crane, Impact Limiters Removed 


Case 3 assumes the Transfer Cask is suspended by the cask receipt crane with the impact limiters 
removed. The direct effects of DBT winds, pressure, or missiles are not included in the design loads for 
the hoist. The base fuel receipt schedule indicates 178 fuel shipments over an 1186-day period. Each 
shipment will take less than 1 day to process into the facility, but 1 day will be conservatively assumed 
for the purposes of this analysis. Therefore, the ISF Facility will be handling fuel approximately 
15 percent of the calendar days in the base operating period. The joint probability that the ISF Facility 
will be handling fuel on the day that a tornado may potentially occur is (0.15 x 6 x 10-7) 9.01 x 10-8, (less 
than 1 x 10-7 yr-1). Therefore, this is not considered a credible event, and the effects of tornado winds, 
pressures, and missiles have not been considered in the design of the cask receipt crane. As an additional 
precaution, administrative controls will be used to restrict SNF handling operations during periods when 
tornado watches or warnings are in effect. 


The supporting structure for the cask receipt crane has been designed to withstand the effects of tornado 
winds, pressure, and appropriate Spectrum II missiles, providing an additional degree of assurance that 
the hoist will remain supported during a tornado event and not pose a collapse threat to the cask below. 


Case 4 – Inside Receipt Area, in Cask Trolley 


Case 4 assumes that the Transfer Cask is in the Cask Receipt Area secured in the cask trolley with the 
cask adapter and hold-downs in place. In this configuration, further protection from DBT missile impact 
is provided by the cask trolley structure itself. Assuming the cask trolley provides no additional missile 
impact protection, the DBT loadings on the Transfer Cask itself remain unchanged. 


The 24-hour processing time for each shipment to be moved into the protected areas of the ISF Facility 
described in Case 3 above includes this stage of processing. Therefore, this is not considered a credible 
event, and the effects of tornado winds, pressures, and missiles have not been considered in the design of 
the cask trolley. As an additional precaution, administrative controls will be used to restrict SNF handling 
operations during periods when tornado watches or warnings are in effect. 
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Case 5 – Inside Transfer Tunnel in Cask Trolley, Transfer Cask Bolts Removed 


After the Transfer Cask is loaded onto the cask trolley, the cask trolley advances to the cask 
decontamination zone in the Transfer Tunnel. Here, the bolts are removed from the Transfer Cask, and 
the cask adapter is relied upon to maintain the confinement boundary. 


The Transfer Tunnel itself is constructed of reinforced concrete with a minimum thickness of 3 feet, 
providing a sufficient barrier for DBT loadings. The Transfer Tunnel contains two doors: the outer door is 
at the Transfer Tunnel entrance in the Cask Receipt Area; the inner door segregates the decontamination 
zone from the remainder of the Transfer Tunnel. The Transfer Tunnel outer door is designed to prevent 
missile impacts on equipment inside the Transfer Tunnel. The maintenance hatch above this area that 
provides access between the Transfer Tunnel and the second floor storage area is designed to withstand 
postulated missile impacts. Therefore, the cask trolley and Transfer Cask are protected from further 
postulated missile impacts after they are moved into the Transfer Tunnel and the outer door is closed. 


Case 6 – Inside Transfer Tunnel in Canister Trolley 


In Case 6, the SNF has been loaded into the ISF storage canister contained in the canister trolley. The ISF 
storage canister may be positioned under the FPA canister port, enroute to the welding port under the 
CCA, positioned under or raised into the CCA welding port, enroute to the Storage Area port, or under 
the Storage Area port. These configurations are protected from postulated missile impacts by the 
reinforced concrete walls surrounding the Transfer Tunnel and the outer door between the Transfer 
Tunnel and the Cask Receipt Area. 


Case 7 – Fuel Packaging Area 


The FPA is an isolated area enclosed by reinforced concrete walls 4 feet thick. The HEPA filters within 
the FPA and the tornado dampers outside of the FPA including intervening ductwork provide the 
confinement boundary for the FPA during postulated tornado events. The HEPA filters are protected from 
DBT wind and pressure differential loading conditions via tornado differential pressure dampers that 
close upon high differential pressure. The tornado dampers located outside of the FPA are locally 
protected from DBT missiles. The ductwork is offset through the FPA wall to provide shielding to limit 
dose and protect the tornado dampers within the FPA from DBT missiles. Electrical penetrations are 
similarly installed offset to provide radiation shielding that protects against tornado-driven missiles. The 
shield windows have been evaluated and determined to withstand the impact of tornado-generated 
missiles, wind, and differential pressure without breaching the confinement barrier they provide. the 
transfer tunnel is protected from DBT effects by the outer door, protecting the FPA port plugs from DBT 
effects. Therefore, the FPA confinement boundary would be maintained. 


Case 8 – Canister Closure Area 


The CCA is an isolated area enclosed by reinforced concrete walls that are a minimum of 3 feet thick. 
This area is not a confinement boundary, but does contain the upper portion of an ISF canister, which 
performs that function during closure welding of the canister. A single viewing window provides the only 
credible opening within the concrete surroundings that could allow a missile to hit the ISF canister. The 
doors into the area are at each end of the area and no credible missile angle of attack would reach the ISF 
canister port area (near the center of the room) due to labyrinth barrier walls. The ISF canister shield plug 
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and surrounding canister cask provide the necessary protection from a missile strike through the single 
viewing window. The viewing window would reduce the kinetic energy of credible tornado-driven 
missiles into this area. The small area of the target created by the ISF canister in the center of this area 
would further minimize the potential for a missile to strike the canister. However, such a strike would, at 
most, cause canister shell distortion that would require repackaging of the affected spent fuel into a 
different canister. The potentially exposed areas of the canister are well above the protected fuel portion 
of the canister within the 9-inch thick carbon steel canister cask. No damage to the fuel or offsite releases 
are postulated for such an unlikely impact. 


Case 9 – Canister Handling Machine in Second Floor Storage Area 


The CHM has been designed to withstand the effects of tornado winds and pressures. Although it is likely 
that the CHM will withstand the effects of tornado missiles, tornado missile loads have not been explicitly 
incorporated into the design calculations for the hoist and CHM control systems. The CHM will be used 
to insert up to 246 canisters into the storage tubes over a minimum operating period of 39 months 
(1186 days). Each fuel storage operation of the CHM is postulated to be completed within 1 day. 
Therefore, the CHM will be handling fuel that must be protected from tornado missiles less than 21 
percent of the calendar days of the operating period. This results in a joint probability of a tornado 
occurring of sufficient strength to generate tornado missiles during fuel handling operations of (0.21 x 
1.69 x 10-7) 3.6 x 10-8, which is not considered credible. Therefore, the CHM is not required to be 
designed to withstand the effects of tornado missiles while it is used to handle SNF canisters. As an 
additional precaution, fuel handling operations will be administratively restricted when tornado watches 
or warnings are in effect. 


Case 10 – Storage Area 


The Storage Area is enclosed by 3 foot thick reinforced concrete walls up to 30 feet around the perimeter. 
The charge face area is protected by the concrete thickness between storage tubes (over 2 feet) or the tube 
cover plates. The tube cover plates are approximately 2.25 inches thick steel, bolted down over each 
storage tube. This construction is sufficient to protect against postulated missile strikes. 


Case 11 – Solid/Liquid Waste Areas 


The Solid Waste Storage Area is protected on the south and east sides by thick concrete walls that are 
resistant to tornado missiles or high winds. Only the north and west walls and ceiling are prone to damage 
from a tornado missile or high winds. The SWPA is enclosed on four sides and the ceiling by thick 
concrete walls that are resistant to tornado missiles and high winds. However, a door on the north wall is 
susceptible to damage from a tornado missile or high winds. The Liquid Waste Storage Tank Area is 
protected on the north and east sides by thick concrete walls that are resistant to tornado missiles or high 
winds. Only the south and west walls and ceiling are prone to damage from a tornado missile or high 
winds.


As stated in Regulatory Guide (RG) 1.117, “It is generally not necessary to protect the radioactive waste 
systems since, even in the event of gross failure, offsite exposures would remain well below the guideline 
exposures of 10 CFR 100 because of the limited inventory allowed in these systems.” (Refs. 8-17 and 
8-21). At the ISF Facility, the solid waste will be packaged into steel drums or boxes soon after receipt. 
The waste packages will be sealed and the exterior surfaces will be smeared for removable contamination, 
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and decontaminated if needed. Any surface contamination in the outer work areas of the SWPA will be 
decontaminated as needed during routine survey activities. The amount of contamination that could be 
removed from this area by tornado winds as a result of residual contamination would be minor. 


A tornado-generated missile may puncture one or more of the sealed waste containers. The low pressure 
generated by the tornado may then release some of the material from the damaged container. The amount 
of contaminated material that may be released from this event could cause some localized contamination 
near the ISF Facility, but will not represent enough material to cause a significant off-site dose to the 
public.


This event involves no change to the fuel or structural configuration. Therefore, there is no change in 
criticality, confinement, or retrievability of the SNF. 


Radiological Consequences 


The analysis of the ISF Facility under DBT loadings has determined that the confinement boundary 
would be maintained for each spent fuel configuration. Therefore, no release of radiological material from 
within the confinement boundary is assumed to occur. As described above the DBT effects on the waste 
storage area has determined that insignificant dose consequences would result. 


8.2.5.5 Lightning 


Cause of Accident 


This event would be caused by adverse meteorological conditions. 


Accident Analysis 


A lightning risk assessment has been conducted for the ISF Facility in accordance with the Standard for 
the Installation of Lightning Protection Systems, NFPA 780-1997. This risk assessment calculated a 
moderate to severe lightning risk factor for the ISF Facility site. Although the effects of a lightning strike 
are not expected to be significant, a lightning protection system is provided to further reduce the risk. 
Section 4.3.8.1.4 of the SAR describes the lightning protection requirements for the ISF Facility design. 


Lightning strikes near the ISF Facility will not affect normal operations. The lightning protection system 
provides a low impedance path to ground from the upper elevations of the ISF Facility structures. The 
structural steel and reinforced concrete surrounding the spent fuel provides an added factor of safety for 
protection of the SNF from the effects of lightning strikes. The SNF does not rely on ventilation systems 
or other equipment to remove the decay heat, so equipment failures due to current surge from a lightning 
strike would not affect the integrity of the spent fuel. The SNF is packaged and stored entirely within the 
ISF Facility, which is enveloped by lightning protection designed in accordance with NFPA 780-1997. 
The Transfer Cask will be located outside the ISF Facility for a brief period when the SNF is first 
received. The Transfer Cask lightning protection is described in Appendix A of this SAR. 


Radiological Consequences 


There are no radiological consequences for a lightning strike, as confinement of the SNF will be 
maintained.
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8.2.5.6 Accidents at Nearby Sites 


Cause of Accident 


The INL site is large and remote as described in Section 2.1. Facilities within 5 miles of the ISF Facility 
have been evaluated per NRC guidelines and include the Central Facilities Area (CFA), Test Reactor 
Area (TRA), and Power Burst Facility/Waste Experimental Reduction Facility (PBF/WERF) (Ref. 8-11). 
In addition, several installations within INTEC contain radiological, chemical, and toxic hazardous 
materials. The nearest public transportation route is approximately 4 miles south of the ISF Facility, and 
the nearest railroad line is approximately 7 miles south of the ISF Facility. 


Accident Analysis 


The CFA poses no radiological, toxic, or hazardous chemical concern to the ISF Facility, because it 
provides only centralized support services for INL operations (e.g., medical services, vehicle 
maintenance, machine shops, and environment sample analysis). Radiological consequences from 
accidents at PBF, TRA, and INTEC facilities are periodically reviewed and updated for emergency 
planning purposes. Because of the distance between the ISF Facility and other INL facilities, airborne 
contamination is the primary potential consequence of an emergency condition at one of the nearby 
nuclear facilities. Certain radiological accidents postulated at the nearby facilities would result in 
evacuation of the ISF Facility due to high dose rates (Ref. 8-13 and 8-22). Radiological, chemical, or 
toxic material hazards are addressed by the INL emergency plan and the ISF Facility would be notified of 
the appropriate protective actions by the Warning Communication Center (WCC) at DOE-ID. 
Transportation accidents are far enough away that no adverse consequence from such an accident is 
credible (Ref. 8-23). 


Radiological, chemical, or toxic materials accidents from nearby facilities are not postulated to cause 
damage to the ISF Facility. The worst case postulated accidents protective actions could result in 
personnel evacuation from the ISF Facility. This would be done in accordance with the ISF emergency 
plan.


Radiological Consequences 


Radiological impacts on the ISF Facility from off-site nuclear facilities are addressed by the INL 
emergency plan. The passively safe nature of the ISF Facility will allow personnel evacuation without 
adverse impacts on the confinement barrier. If needed, the ISF Facility would be decontaminated as part 
of the general recovery from the off-site nuclear accident. 


8.2.5.7 Volcanism 


8.2.5.7.1 Volcanism – Basaltic Lava Flow 


Cause of Accident 


As discussed in Section 2.6.6.4 the risk of basalt-lava inundation or intrusion related ground disturbance 
is estimated to be less than 1x10-5 per year, which makes it an extremely unlikely event. However, if it 
were to occur it could potentially affect the facility and therefore is addressed further in this section. 
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Accident Analysis 


Total warning time from identification of magma-induced seismicity to arrival of lava in the vicinity of 
the ISF Facility would be substantial, likely ranging from 1 week to over a month. If magma-induced 
seismic activity is detected by the INL Seismic Monitoring Program instrumentation, INL WCC would be 
notified. The equipment and workforce needed to construct a barrier would be obtained within a week, if 
necessary to protect the ISF Facility. 


The distance from the volcanic event would likely be at least 10 kilometers (fiftieth percentile length), 
and more likely about 16 km (seventieth percentile length). The effusion rate would likely be waning by 
the time it reaches the ISF Facility area. Analogy to flow velocities in other areas with similar terrain 
indicates that velocities of about 2 kilometers per day are most likely. Therefore, it would take several 
days for lava from most of the critical volcanic source area to reach the site. 


Assuming the above advance warning of an impending event, two potential diversionary measures are 
identified in Sections 2.6.6.2.4; earthen diversionary structures and cooling water sprays. Both approaches 
have been implemented previously to protect structures from lava flows, either separately or in 
combination.  


The ISF Facility site is located close to the protected area of INTEC, and is surrounded by DOE-owned 
facilities and structures associated with the INTEC. Volcanic activity that could directly affect the ISF 
Facility is treated as a Site Area Emergency under the ISF Facility Emergency Plan (see Section 4.7 of 
the referenced plan). Site Area Emergency responses under the ISF Facility Emergency Plan (Ref. 8-33) 
are coordinated with and through the DOE-ID Emergency Response organization as described in the ISF
Facility Emergency Plan and the INL Emergency Plan/RCRA Contingency Plan (Ref. 8-29). DOE will 
take independent action to respond to a lava flow event that could potentially threaten the INTEC facility. 
Should such action be warranted, the following sections discuss the actions required to protect the ISF 
Facility on a stand-alone basis. 


Diversionary Structure Design and Construction Features 


The proposed diversionary structure would be a 20-foot-high earthen berm constructed in a manner that 
would divert lava flow away from the ISF facilities. The density of the lava is assumed to be 165 lbs/ft3,
similar to basaltic rock. It is assumed that the entire perimeter of the facility would be protected from a 
lava flow with a thickness of up to 20 feet. As indicated in Section 2.6.6.2.3, the upper bound lava 
thickness identified in boreholes is 33 feet, however, the median lava flow thickness in the Eastern Snake 
River Plain is about 12 feet (Ref. 8-30). The proposed size of the berm is, therefore, sufficiently bounding 
for lava flows that may exceed the median thickness, with margin. 


Protecting the entire facility perimeter would require a berm with an approximate total length of 2,000 
feet, assuming that the berm was positioned within the exclusion area boundary (see Figure 4.1-1). The 
total berm height would be 20 feet with a width of 132 feet at the base and 12 feet at the top, with side 
slopes of 3 feet horizontal to 1 foot vertical. The total estimated soil volume, accounting for compacting 
and a contingency, required to complete the berm is 136,000 cubic yards.  


Soils for the berm would be excavated from areas immediately adjacent to the ISF Facility site. Section 
2.6.1.3.3 indicate that soils in the immediate vicinity of the ISF Facility site are dense sandy gravels, 
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dense sand, and gravel. As noted in Section 2.6.1.3.1, this is consistent with the alluvial silts, sands, and 
gravels found in the subsurface throughout the vicinity of INTEC. This soil, when placed in 12-inch lifts 
and compacted to 85% to 90% of the maximum density, will provide for a strong earth structure capable 
of withstanding the forces of the lava flow. 


Construction of the berm will require a continuous cut and fill operation. Fill soil will be cut from a 
nearby location and placed within the exclusion zone boundary. A crew consisting of five scrapers 
(1,100 CY/day each), two sheepsfoot compactors, a water truck, and a motor grader can place 
approximately 5,500 CY/day. Assuming that this crew size is operated over three shifts, approximately 
16,500 CY of soil can be placed and compacted per day. Placement to the final height can be 
accomplished in 8 to 10 days; given several weeks notice of an impending eruption, this timeframe is 
anticipated to be adequate to ensure protection of the ISF facilities. 


Water Cooling System Design and Construction Features 


Sigurgeirsson (Ref. 8-32) reported that cooling water used to control the 1973 Elfell Volcano in Iceland 
was applied at the rate of 10.7 gal water/ft3 lava (1 m3 water/ 0.7 m3 lava). The maximum pumping rate 
used ranged from 11.5 to 23 Mgal/day.  


The water-cooling system would consist of piping to convey water from the site fire protection system 
and other nearby groundwater sources. The existing INTEC fire storage, pumping, and distribution 
system is capable of supplying up to 7.2 Mgal/day, assuming two fire pumps providing 2,500 gal/min 
each at 125 lb/in2. Nine wells within 5 miles of the ISF facility are capable of providing a total of up to 
14.4 Mgal/day for up to several weeks. Assuming the above cooling water application rate, with 
14 Mgal/day of water available, a 20 ft high by 10 ft thick section of lava could be cooled every day along 
a 4,000 ft front. This performance is anticipated to be adequate to divert a lava flow around the ISF 
facility. 


Constructing the water pumping system will require installing piping, hoses, fittings, and other 
appurtenances. Since the ISF fire protection system can only provide one half of the necessary flow, water 
from other nearby production wells will need to be conveyed to the ISF Facility. It is estimated that 
approximately 13,000 linear feet of 6- to 8-inch piping and hoses are needed to pump water from these 
INL site production wells. 


Within the ISF Facility, 3,300 linear feet of 6- to 8-inch quick-disconnect irrigation, plastic water pipe, or 
flexible hoses will be placed from the four existing fire hydrants. Appurtenances would include valves, 
pipe anchors, and spray or jet nozzles. 


Supporting construction equipment would include a crew with a hydraulic excavator, front-end loader, 
and backhoe/loader. Using this crew size, the required piping and hose described above can be installed in 
18 to 20 days, assuming 900 ft/day of pipeline is constructed; given several weeks notice of an impending 
eruption, this timeframe is anticipated to be adequate to ensure protection of the ISF facilities. Temporary 
aboveground piping would be covered with fill soil. 
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Evaluation of Potential Effectiveness of Proposed Structures 


The ability to effectively implement intervening measures depend primarily on the distance from the 
erupting volcanic vents, the morphology of the zone through which the lava flows, and the speed of the 
advance (Ref. 8-25). Given the site-specific factors at the ISF Facility site, intervention measures are 
likely to be possible. 


Slowing and diverting lava flows with earthen berms has been attempted in other volcanic eruptions. As 
an example, during the 1983 eruption of Mt. Etna, diversion barriers 100-ft-wide by 30-ft-high by 
1,200-ft-long were successful in slowing and diverting a 7 km long lava flow of approximately 
100 million m3, effusing at a rate of approximately 8.9 m3/s (770,000 m3/day). Sufficiently dense soil 
material and good construction techniques contributed to this success. Barriers built in front of a lava flow 
on Kilauea in the 1970s did not divert the advancing lava flow. Failed attempts appear to have been a 
function of unsuitable material (such as volcanic ash) and inappropriate placement techniques. The placed 
densities of the available onsite borrow material and provisions for proper placement and compaction will 
provide for a strong earthen barrier capable of withstanding the forces of the lava flow. In general, 
however, even berms constructed of less-suitable materials appear to fail more frequently by overtopping, 
versus structural failure of the berm (Ref. 8-25). Therefore, it is anticipated that this diversionary 
technique will be effective if implemented at the ISF Facility site.  


In addition to the experience with volcanoes in Iceland cited earlier, cooling water sprays have been 
successfully used to divert or slow lava flows during the eruption of Kilauea in 1960 (Ref. 8-24), in Japan 
in 1986 (Ref. 8-26), and at Mt. Etna in 1983 (Ref. 8-25). In the unlikely event that such actions were 
needed, it is anticipated that this diversionary technique would be effective if implemented at the ISF 
Facility site, particularly in combination with an earthen berm structure. 


Evaluation of Sufficiency of Resources to Implement Lava Flow Diversionary Measures 


In the unlikely event that a lava flow threatened the ISF Site and adjacent DOE facilities, the DOE INL 
response would include the ISF Facility. Adequate time is available for implementation of mitigation 
actions within the warning timeframe on the order of four to six weeks to preclude any impact on the ISF 
Facility. Therefore, recovery from this unlikely event is not required. 


Radiological Consequences 


In the unlikely event of a future basaltic lava flow, the ISF Facility would experience no structural, 
thermal, or radiological consequences due to the implementation of the above mitigation actions. 


8.2.5.7.2 Volcanism - Ash Fall 


Cause of Accident 


As discussed in Section 2.6.6.3.3, Hoblitt (Ref. 8-34) modeled the annual probability of 1-10 cm of 
volcanic ash over the northwestern United States from Cascade eruptions as a function of which centers 
had historically produced ash, the frequency of eruptions of various sizes, and dominant wind directions 
for the Cascades. Based on this modeling, the probability of 1 cm of ash-fall in southeast Idaho is 
approximately 5 x 10-3 per year. The same model suggests that the probability for 10 cm of ash-fall from a 
Cascade volcano in southeast Idaho is approximately 10-6 per year. Correlating ash-fall thickness to 
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probability, a Cascade eruption that could deposit 8 cm or more of ash at INL would also have a 
probability of approximately 10-6 per year. This is consistent with one Cascade eruption depositing up to 
6 cm of uncompacted ash in the Eastern Snake River Plain over the past 400,000 years.  


Table 8.2-2 provides a summary of the estimated probabilities of various ash-fall events that may 
potentially impact the ISF Project site. 


Accident Analysis 


Analysis of Ash Fall Impacts on Structures, Systems and Components Important to Safety  


As noted in Table 8.2-2 and the discussion above, it is unlikely that ash fall events will deposit 8 cm of 
ash or more at the ISF Facility site. However, the design and construction of the ISF facilities, and the 
timeframe available to react to potential events, significantly reduces the consequences of such an event. 
The primary source of these events is likely to be the Cascade range, several hundred miles to the West. 
An extensive seismic network exists to monitor volcanic activity within the Cascade range. As noted in 
Section 2.6.2.1.2, a similar network exists at the INL to monitor potential near-field sources of volcanic 
ash. Therefore, volcanic activity that could potentially lead to an ash fall event is likely to be detected 
weeks before such an event. In the case of a Cascade eruption, several hours will also pass between the 
eruption and the arrival of an ash cloud at the ISF Facility site. 


The potentially affected ISF structures, systems, and components (SSCs) important to safety (ITS) have 
been designed to perform their safety-related functions in a passive mode; no operator intervention or 
outside resources are required. In the case of an emergency facility shutdown (on the order of minutes), 
facility equipment has been designed to fail in an as-is condition, allowing the facility to be evacuated. 
With only a few hours warning, the facility can be readily placed in a standby condition where only 
minimal building services and limited monitoring are required for an extended period of time. 


The SSCs most likely to be impacted by an ash fall event are the facility structures, facility ventilation 
system, and the storage area decay heat removal system. 


Facility Structures. The facility structures have been designed for a minimum roof snow load of 
30 lbs/ft2 (see Section 3.2.4). Assuming that the deposited ash has a density on the order of 50 lbs/ft3


(approximately ½ that of typical in-place soil densities), the design snow load would bound ash falls of up 
to 0.6 ft, or 18.3 cm. Ash deposits of this thickness far exceed those that are anticipated to occur at a 
probability level of 10-6/yr. Therefore, facility structures are anticipated to withstand loads due to ash 
deposits for all credible ash fall events. 


Facility Ventilation System. With the exception of certain passive components, the main facility 
ventilation system is not considered important to safety, and can be secured during an ash fall event. The 
impacts of securing the facility ventilation system are bounded by the impacts described for a ventilation 
system failure in Section 8.1.5.1. The ITS SSCs within the facility ventilation system consist of ducts, 
dampers, and HEPA filters, all of which are protected from exposure to ash by the facility structure, 
upstream filters, and/or isolation dampers that can be closed. Therefore, ITS SSCs within the facility 
ventilation system are anticipated to be able to perform their safety function during and after an ash fall 
event. Recovery activities would include contamination surveys; ash removal and decontamination as 
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required; changing filters as required; and verifying that all HVAC equipment and instrumentation was 
operating properly. 


Storage Area Decay Heat Removal System. Sections 8.1.3.5 and 8.2.4.1 discuss the impacts of 
substantial blockage of the inlets to the heat removal system. Note that this analysis is equally applicable 
to substantial blockages of the outlets to the heat removal system (e.g., annular gaps around the top of 
individual storage tubes). The data presented in these sections indicate that storage area temperatures are 
maintained within acceptable ranges indefinitely with up to a 50% reduction in air flow through the 
storage vault. This degree of blockage is highly unlikely, given the size and positioning of the inlet air 
vents, and the fact that the annular gaps around the storage tubes are covered by the storage area structure 
(see Figures 4.2-4 , 4.3-2, 4.3-8, and 4.3-9). Airflows are also directed up and out through these annular 
gaps, further reducing the probability that they may be blocked by ash. Even under hypothetical adiabatic 
conditions, over nine days would elapse before storage area temperatures exceeded the off-normal 
temperature limits for the concrete. This provides more than adequate time to address potential blockage 
of the air outlets (e.g., vacuuming the charge face). Therefore, the storage area heat removal system is 
anticipated to be able to perform its safety function during and after an ash fall event. 


Radiological Consequences 


Based on the surveillance requirements, the accumulation of ash fall and the blockage would be noted and 
removed, eliminating even a 50 percent vent blockage case. The Storage Area’s ability to maintain 
adequate heat transfer (and therefore, geometry, confinement, and shielding) of the stored fuel would not 
be impaired. There would be no radiological releases and no radiological consequences from this event. 


This event involves no change to the fuel or structural integrity configuration. Therefore, there is no 
change to the criticality, confinement, or retrievability of the SNF 


8.2.5.8 Aircraft Impact 


Cause of Accident 


Section 2.1.2 describes the location of airports near the ISF Facility. Control of these aircraft are outside 
of the influence of ISF Facility personnel and the possibility of a crash on the site must be considered. 


Accident Analysis 


As described in Section 2.2, aircraft impact probability evaluations for the ISF site and INTEC facilities 
(Ref. 8-27) have been performed. For both situations, these facilities satisfy each of the three 
requirements in NUREG-0800, Section 3.5.1.6, Aircraft Hazards (Ref. 8-28) that allow the applicant to 
determine by inspection that the probability of aircraft accidents resulting in radiological consequences 
greater than 10 CFR 100 exposure guidelines is less than 10-7 per year. Therefore, this event is not 
considered credible. 


Radiological Consequences 


This event is not considered credible; therefore, no radiological consequences are postulated as a result of 
aircraft impact. 
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8.3 SITE CHARACTERISTICS AFFECTING SAFETY ANALYSIS 


The ISF Facility site location is depicted in Figures 2.1-3 and 2.1-5. The installation is designed for 
storing 246 ISF canisters in storage tubes and the facility layout is shown in Figure 2.1-11. The storage 
tubes are supported by a thick concrete charge face and a passive air circulation system for cooling. The 
controlled area for the ISF Facility is also shown in Figure 2.1-11. The ISF site is isolated from 
population centers and is located in a controlled restricted area of the INL site. Figure 2.1-3 shows the 
accessibility of the site to truck and rail transportation.  


Site characteristics that affect the safety analysis are summarized in Table 8.3-1. 
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 Table 8.1-1 Sheet 1 of 3
Off-Normal Events Evaluated


Section 
No. Description 


Estimated 
Dose


(mrem) Detection Cause 
Corrective 


Action 
Effects and 


Consequences
8.1.1.1 Misventing of 


Transfer Cask 
Less than 10 
mrem to 
operator.
Negligible at 
controlled area 
boundary.


Visual
inspection,
fixed radiation 
monitoring, or 
health physics 
monitoring.


Operator error 
or equipment 
failure.


Decontaminate
area, determine 
cause and 
implement
corrective action. 


Increased dose 
inside Transfer 
Tunnel.


8.1.1.2 Cask Drop Less 
Than Design 
Allowable Height 


No radiological 
consequences.


N/A Not a credible 
event.


N/A N/A 


8.1.2.1 Attempt to Lower 
Fuel Container 
Into Occupied 
Fuel Station 


No radiological 
consequences.


Visual
inspection,
load indication, 
or trip of FHM 
on slack rope. 


Operator 
error. 


Determine cause 
and implement 
corrective action. 


No adverse 
consequences.


8.1.2.2 Attempt to Load 
Fuel Element Into 
Full ISF Basket 


No radiological 
consequences.


Visual
inspection,
load indication, 
or trip of FHM 
on slack rope.


Operator 
error.  


Determine cause 
and implement 
corrective action. 


No adverse 
consequences.


8.1.2.3 Failure of Fuel 
Element During 
Handling


No radiological 
consequences
outside of FPA 
area.


Visual
inspection or 
fixed radiation 
monitoring.


Operator error 
or equipment 
failure.


Cease
operations,
recovery actions, 
determine cause, 
and implement 
corrective action. 


Delay in operations 
while fuel recovery 
is performed.


8.1.2.4 Drop of Fuel 
Element During 
Handling


No radiological 
consequences
outside of FPA 
area.


Visual
inspection or 
fixed radiation 
monitoring.


Friction
grapple
failure.


Cease
operations,
recovery actions, 
determine cause, 
and implement 
corrective action.  


Delay in operations 
while fuel recovery 
is performed.


8.1.2.5 Fuel Container 
Binding or Impact 
During Handling 


No radiological 
consequences.


Visual
inspection or 
FHM load 
indication.


Operator error 
or equipment 
malfunction.


Cease
operations,
recovery actions, 
determine cause, 
and implement 
corrective 
actions.


Delay in operations 
to replace ISF 
canister.


8.1.2.6 Malfunction of 
ISF Canister 
Heating System 


No radiological 
consequences.


Temperature 
monitoring.


Equipment
failure.


Repair or replace 
canister heater 
module.


Increase in fuel 
temperature, but 
no adverse 
consequences.
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 Table 8.1-1 Sheet 2 of 3
Off-Normal Events Evaluated


Section 
No. Description 


Estimated 
Dose


(mrem) Detection Cause 
Corrective 


Action 
Effects and 


Consequences
8.1.2.7 Malfunction of 


ISF Canister 
Vacuum
Drying/Helium Fill 
System


No radiological 
consequences.


Routine
inspections.  


Operator error 
or equipment 
failure.


Repair
equipment,
determine cause, 
and implement 
corrective action. 


Delay in 
operations,
possible increase 
in fuel 
temperatures, but 
no adverse 
consequences.


8.1.2.8 Loss of 
Confinement
Barrier


Potential
spread of 
particulate into 
adjacent areas 
of FPA. Non-
mechanistic
dose at the 
controlled area 
boundary is 
less than 0.02 
mrem. (1)


Routine
inspections of 
HVAC
operations,
fixed radiation 
monitoring, or 
health physics 
monitoring.


Failure of port 
seal, operator 
error, or 
HVAC system 
failure.


Repair
equipment,
determine cause, 
and implement 
corrective action. 


Increased radiation 
dose to onsite 
personnel due to 
decontamination 
efforts.


8.1.3.1 Binding or Impact 
of ISF Canister 
During
Hoisting/Lowering
Operations


No radiological 
consequences.


Visual
inspection.


Binding not 
credible.
Operator error 
may cause 
minor impacts. 


Determine cause 
and implement 
corrective action. 


No adverse 
consequences.


8.1.3.2 ISF Canister 
External
Contamination in 
Excess of Limits 


Minimal dose 
consequences
from decon 
efforts.
0.1 DAC 


Routine
inspection,
fixed radiation 
monitoring, or 
health physics 
monitoring.


HVAC or other 
equipment
failures, poor 
housekeeping,
or operator 
error. 


Decontaminate,
determine cause, 
and implement 
corrective action. 


Increased radiation 
dose to onsite 
personnel due to 
decontamination 
efforts.


8.1.3.3 Extended 
Operation with 
ISF Canister in 
CHM


No radiological 
consequences.


Visual
inspection.


Equipment
failure,
operator error, 
or loss of 
power.


Repair
equipment,
determine cause, 
and implement 
corrective action. 


Increase in fuel 
temperature.


8.1.3.4 Malfunction of 
Storage Area 
Vacuum
Drying/Helium Fill 
System


No radiological 
consequences.


Visual
observation of 
instrumentation
for pressure 
indication.


Equipment
failure or 
operator error. 


Repair
equipment,
determine cause, 
and implement 
corrective action.  


Increase in fuel 
temperature.


8.1.3.5 Partial Air 
Inlet/Outlet Vent 
Blockage


No radiological 
consequences.


Visual
inspection.


Snow, ice, or 
windblown
debris.


Clear
obstructions from 
inlet/outlet.


Increase in fuel 
temperature.


(1) Note that the reported dose is a bounding dose from the Maximum Hypothetical Accident (Section 8.2.4.5), no Off-Normal 
event was evaluated. 
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 Table 8.1-1 Sheet 3 of 3
Off-Normal Events Evaluated


Section 
No. Description 


Estimated 
Dose


(mrem) Detection Cause 
Corrective 


Action 
Effects and 


Consequences
8.1.4.1 Breach of Waste 


Package in the 
Solid Waste Area 


Minimal dose 
consequences
from decon 
efforts.
0.1 DAC


Visual
observation by 
operator
performing
operation.


Equipment
failure or 
operator error. 


Repair
equipment,
determine cause, 
and implement 
corrective action.  


Increased radiation 
dose to onsite 
personnel due to 
decontamination 
efforts.


8.1.4.2 High Dose Rate 
to Solid Waste 
Area


Negligible
worker
exposure and 
no off-site 
consequences.


Fixed area 
radiation
monitors and 
operator
observation.


Operator error Return material 
to FPA, 
determine cause, 
and implement 
corrective action. 


Increased radiation 
level in unoccupied 
waste enclosure. 
Negligible worker 
exposure.


8.1.5.1 Ventilation 
System Failures 


No significant 
release or 
exposure and 
no off-site 
radiological
consequences


Observation of 
operation and 
instrumentation
by operator 


Equipment
failure or 
operator error. 


Repair
equipment or 
determine cause, 
and implement 
corrective action 


Increased fuel 
temperatures, no 
significant release, 
negligible worker 
exposure, no 
offsite exposure. 


8.1.5.2 Loss of External 
Power Supply for 
a Limited 
Duration


No radiological 
consequences.


Visual
observation by 
operator


External
accidents,
equipment
breakdowns
or
malfunctions,
or natural 
phenomena
events


Restore power 
source. Manual 
and backup 
power available 
but not required. 


Increased fuel 
temperatures.


8.1.5.3 Off-Normal 
Ambient
Temperatures 


No radiological 
consequences.


Observation of 
ambient
weather


Sustained
extreme
ambient
temperature
conditions


None required. 
HVAC designed 
for extremes.


No adverse 
consequences.
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Table 8.2-1 
Tornado Missile Barriers 


Area Confinement Boundary DBT Protection Analyzed Configuration 
Onsite, outside 
Cask Receipt 
Area


Transfer cask Transfer cask Transfer cask/transport trailer 


Transfer cask/transport trailer Transfer cask Transfer cask 
Transfer cask/cask receipt crane  


Onsite, inside 
Cask Receipt 
Area


Transfer cask Transfer cask/cask trolley system Transfer cask/cask trolley system 
Transfer cask Transfer Tunnel structure and outer 


tunnel door over opening 
Transfer Tunnel concrete and outer 
tunnel door 


Onsite, inside 
Transfer Tunnel 


ISF canister Transfer Tunnel structure and outer 
tunnel door over opening 


Transfer Tunnel concrete and outer 
tunnel door 


FPA FPA boundary, HVAC HEPA 
filters, inflatable seals on cask 
and canister ports, sides and 
bottom of Transfer cask and ISF 
canister when FPA shield plug 
removed and seals inflated, 
shield windows 


FPA structural concrete, local 
protection of HVAC tornado dampers 
and intervening ductwork, outer 
tunnel door, and shield window 
structure 


FPA structural concrete, HVAC 
tornado dampers and intervening 
ductwork, outer tunnel door, and 
shield window structure  


CCA Transfer Area boundary, ISF 
canister


Transfer Area structure, and low 
probability on viewing window 
opening


Transfer Area structure, and low 
probability on viewing window 
opening


Storage Area Storage tubes and ISF canisters Storage Area structure, including 
charge face, port plugs, and tube 
cover plate. 


Storage Area structure, including 
charge face, port plugs, and tube 
cover plate. 


SWPA Solid Waste Storage Area None required due to low probability 
and acceptable dose consequences 


Postulated dose consequences are 
acceptable without protection 
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Table 8.2-2 
Probabilities of Various Volcanic Ash-Producing Events That May Affect the ISF 


Facility Site


Scenario


Approximate Annual 
Probability of Given 


Scenario Reference 


Silicic eruption with in tens of kilometers of proposed site less than 4 x 10-6 8-36 


Local silicic eruption producing ash-fall affecting 
proposed site 


10-7 8-35, 8-36 


Basaltic eruption within tens of kilometers of site (this 
type of eruption is unlikely to produce ash) 


3 x 10-5 to 4 x 10-6 8-36 


Basaltic eruption producing ash-fall affecting proposed 
site 


less than 10-7 8-36, 8-37 


Ash-fall from volcano 100-400 km from site (Yellowstone) 2 x 10-6 8-30, 8-36 


Ash-fall from Yellowstone greater than 8 cm thick at 
proposed site 


10-7 8-30, 8-38 


Ash-fall from Cascade volcano of 1 cm or more at 
proposed site 


5 x 10-3 8-34 


Ash-fall from Cascade volcano of 10 cm or more at 
proposed site 


10-6 8-34 


Ash-fall from Cascade volcano greater than 8 cm at 
proposed site 


10-6 8-34, 8-39, 8-40 
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Table 8.3-1 
Site Characteristics That Affect The Safety Analysis 


Site Characteristic Values Used 
Addressed in 
SAR Section 


Temperatures Accident ambient extremes: -40�F to 101�F 8.1.5.3


Seismic loads 0.123g horizontal at bedrock 8.2.5.2 
Precipitation Combined with Mackay Dam failure, see Flooding 8.2.5.3 
Flooding Approximately 4921 feet (MSL NAVD 88 Datum) 8.2.5.3 
Wind loads 200 MPH with a 1.5 psi pressure drop 8.2.5.4 
Missile loads 115-pound wooden plank at 190 feet/sec 


287-pound 6-inch diameter steel pipe at 33 feet/sec 
9-pound 1-inch diameter steel rod at 26 feet/sec 


8.2.5.4
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9.  CONDUCT OF OPERATIONS 


This chapter describes the organization and general plans for the ISF Facility Independent Spent Fuel 
Storage Installation (ISFSI). The organization section includes a brief description of the DOE-ID 
organization, contractor transitional organizations, and responsibilities of key personnel. The 
preoperational testing program is described. The training program for the facility staff is described. 
Procedures that govern routine operations and maintenance and the records developed as a result of those 
operations are also discussed. 


9.1  ORGANIZATIONAL STRUCTURE 


This section discusses the organizational structures established for ISF Facility design, construction, pre-
operation testing, startup, operation, and decommissioning.  Figure 9.1-1, Figure 9.1-2 and Figure 9.1.3 
illustrate these organizational structures. Section 9.1.1 discusses DOE’s organization, relationships with 
contractors and suppliers, and technical staffing.  Section 9.1.2.2 and Section 9.1.2.3 discuss the ISF 
Facility construction and operating organization. 


9.1.1  Department of Energy Idaho Operations Office Organization 


The Assistant Secretary for Environmental Management, pursuant to designation from the Secretary of 
Energy, has designated the Manager of the Department of Energy, Idaho Operations Office to act as the 
authorized representative of the Secretary of Energy per the requirement of 10 CFR Part 72.16(b). 
(Redesignation Order 00-09.01-01, Revision No. 1 (October 18, 2007)).  The Manager of the Department 
of Energy Idaho Operations Office (DOE-ID) is thus authorized to be the license holder for the ISF 
Facility (Materials License SNM-2512). As the facility owner and licensee, DOE retains ultimate 
responsibility for the safe operation of the facility and for compliance with all license conditions.  


9.1.1.1  DOE-ID Functions, Responsibilities, and Authorities  


The Manager of DOE-ID is the authorized DOE representative having direct authority and responsibility 
for compliance with the ISF Facility license. The Manager of DOE-ID is responsible for overall executive 
management of the Idaho Operations Office, has signature authority for the ISF Facility license, and is the 
person ultimately responsible for compliance with the facility’s license conditions and overall nuclear 
safety. The DOE-ID Manager shall take any measures needed to ensure acceptable performance of the 
staff in operating, maintaining, and providing technical support to the facility to ensure nuclear safety and 
compliant operations. The responsibilities of the personnel reporting directly to the DOE-ID Manager, as 
depicted in Figure 9.1-1, are described below. 


The responsibility of the Deputy Manager (DM) for the Idaho Cleanup Project (ICP) is the overall 
execution of DOE Environmental Management (EM) funded programs and operations at the Idaho 
National Laboratory (INL), under which spent nuclear fuel storage (including NRC-licensed ISFSI 
construction and operations) falls. The actual day-to-day execution of programs and operations associated 
with the NRC-licensed ISFSIs is performed by a contractor. NRC is notified of DOE’s intent to rebid its 
contractor support contract, the selection of the subsequent contractor, and an evaluation of contractor 
performance within 180 days of the contract effective date. The DM for ICP and staff provide 
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management direction and oversight of contractor performance in accordance with DOE-ID's Quality 
Assurance Program and commitments herein. 


The Assistant Manager for Operational Support is independent of the facility line management and is 
responsible for environmental protection, safety, health, quality assurance, and security. This Office 
provides DOE-ID oversight of the contractor for licensed activities independent of the DM for ICP 
organization. 


The responsibility for developing the appropriate revisions to the contract is delegated to the Assistant 
Manager for Administration Support. 


The responsibility for DOE-ID’s role of providing direction to the contractor for spent fuel management 
lies with the DM for ICP. Oversight of the EM owned spent fuel management facilities and activities, 
including the NRC-licensed ISFSIs, is assigned by the DM for ICP to the Assistant Manager for Facility 
and Material Disposition. 


Reporting directly to the Assistant Manager for Facility and Material Disposition is the ISF Facility 
Director, who is responsible for oversight of the contractor and to ensure that approved requirements and 
performance objectives are met for the ISF Facility. The ISF Facility Director has an alternate, designated 
in writing, who meets the training and qualification requirements specified below for the Facility 
Director. The ISF Facility Director has direct access to the Manager of DOE-ID on issues related to the 
safety and surety of ISFSI construction and operations. 


Also reporting to the Assistant Manager for Facility and Material Disposition through the Tank Waste 
Disposition Federal Project Director is the NRC Licensing Manager. The Licensing Manager is 
responsible for the preparation and submittal of license applications (including any necessary 
amendments thereto), timely response to NRC communications and inquiry, and other licensing and 
interface support. 


The responsibility for oversight of both the contractor’s Quality Assurance (QA) Program (QAP) for the 
NRC-licensed ISFSIs as well as the DOE-ID oversight program of the ISFSI operations is assigned 
through the Assistant Manager for Operational Support to the Quality and Safety Division Director. The 
Quality and Safety Division Director assigned the responsibility for QA oversight of the ISFSIs to the 
ISFSI QA Program Manager. The roles and responsibilities of the ISFSI QA Program Manager are further 
described in Chapter 11 of this SAR. As with the ISF Facility Director, the ISFSI QA Program Manager 
has direct access to the Manager of DOE-ID on issues related to the safety and surety of ISFSI operations. 


9.1.1.2  Interrelationships with Contractors and Suppliers 


The DOE utilizes a contractor for the ISF Facility construction and operations activities. Prior to a 
decision to proceed with construction and operation of the ISF Facility, the responsibility for compliance 
with license requirements and applicable regulations is contractually tasked to the contractor. The 
authority for the construction, management, and operation of the facility will be contractually 
awarded/assigned at some future time. To exercise DOE's ultimate responsibility, DOE will: (1) retain 
responsibility for and perform independent audits of the contractor’s ISFSI QAP (both the achievement of 
quality by contractor management and the verification of quality by contractor QA personnel), (2) ensure 
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the license requirements for the facility are included in the contract, (3) assess the performance of the 
contractor against the terms of the contract, (4) retain the responsibility to budget funds necessary and 
sufficient to safely operate the facility, and (5) retain the authority to revise the contract in the event 
contract deficiencies are found relative to proper implementation of license requirements. 


The key relationships between DOE-ID's ISF Facility Director, Licensing Manager, and ISFSI QA 
Program Manager and its contractor’s current organization are depicted in Figure 9.1-2. 


9.1.1.3 ISFSI Oversight Program 


The Facility Director is the DOE-ID day-to-day management employee responsible for the compliance of 
ISF Facility construction and operations. The ISF Facility Director shall verify or audit the ISF Facility 
for compliance with regulatory requirements and license basis commitments and apprise DOE-ID 
management of ISF Facility status based on observations. 


The DOE-ID ISF Facility Director or alternate shall perform surveillances of the contractor's as low as 
reasonably achievable (ALARA) Committee and the ISFSI Safety Review Committee, and shall be an ex 
officio member (as a quorum requirement) of these committees when they meet to review ISFSI matters 
to ensure these committees' functions are satisfactory and report to DOE-ID management as necessary. 


The DOE-ID ISF Facility Director or alternate shall review the results of management assessments 
performed for the following contractors' programs: training, security, emergency, quality assurance, and 
radiation protection. 


The DOE-ID ISF Facility Director or alternate shall review and concur with all of the following with 
respect to the ISF Facility: 


• All 72.48 evaluations and TS Basis evaluations (TS 5.5.1)  


• 10 CFR 72.44(e) – Physical Protection Plan evaluations, 10 CFR 72.44(f) – Emergency Plan 
evaluations, and evaluations of changes to DOE-ID's other essential programs (TS 5.5.2) 


• Changes to TS Bases 


• All changes to the SAR 


• 10 CFR 72.70 SAR update 


• Nuclear Material Status Reports (submitted electronically) 


• Annual environmental report 


• Other reports which may be submitted to NRC in response to conditions or events that are not 
submitted by the Manager of DOE-ID. 
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9.1.1.4  DOE-ID Technical Staff 


The DOE Idaho Operations Office has a technical staff representing several areas of expertise with the 
wide variety of projects and activities at the INL. This staff is available to assist the management and 
oversight of the DOE activities at the ISF Facility. Staff assigned to assist the management and oversight 
in the areas of security, radiation protection, emergency preparedness, and quality assurance are trained 
and qualified in accordance with Licensing Management Procedures, or perform work directly under the 
supervision of the ISF Facility Director. 


9.1.2  Contractor Organization, Management, and Administrative Control System 


The construction and operating organizations, line management, and administrative control systems are 
provided by DOE’s contractor personnel. The DOE and its contractor commit to provide the NRC with 
ready access to the ISF Facility, personnel, and records that NRC considers necessary to carry out its 
regulatory responsibilities. 


DOE-ID has assigned responsibility and delegated authority for the management and operation of the 
facility to the contractor. DOE-ID policy requirements for constructing and operating the ISF Facility are 
assigned to the contractor through the contract. Specifically, the contract requires the contractor to 
manage and operate the ISF Facility in compliance with all applicable: 


• Human health and safety regulations, 


• Environmental regulations, 


• NRC regulations and license conditions, and 


• Quality assurance requirements. 


DOE-ID commits to providing a contractor with management and staff for construction, routine operation 
and maintenance of the ISF Facility and support organizations to implement DOE's program 
commitments in quality assurance, security, training, radiological protection, environmental monitoring, 
and spent fuel accountability. 


9.1.2.1  Transition Organization 


Until such time a decision is made to proceed with construction of the ISF Facility and a contract 
award/selection is made, the contractor’s (currently CH2M – WG Idaho, LLC) organization structure 
provides the necessary resources for maintaining the ISF Facility license and license basis documents in 
accordance with 10 CFR 72. The contractor organization supports the Environmental Management 
missions at the INL, which include but are not limited to the management and operation of the ISF 
Facility for transition purposes. The following organizational descriptions document the organization 
resources necessary to manage the ISF Facility. 


The contractor's Chief Executive Officer is responsible for overall management of contractor activities 
and is ultimately accountable for complying with the contract conditions. Authorities are delegated and 
resources are provided to manage the ISF Facility in the areas of emergency preparedness, engineering, 
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environmental management, operations, maintenance, quality assurance, radiological control, safety and 
health, security, training, and transportation. In addition to the interfaces shown on Figure 9.1-2, 
personnel assigned to the above functions maintain interfaces with their functional counterparts at DOE-
ID. 


Reporting to the Manager, ISFSI Management is the ISF Facility Manager, the FSV ISFSI Manager, the 
TMI-2 ISFSI Manager, and the Licensing and Regulatory Compliance Lead. Support staff for essential 
positions within the ISFSI Management department report to the ISF Facility Manager for services 
provided for the ISF Facility. The Manager, ISFSI Management is accountable to the DOE-ID ISF 
Facility Director. This interface is the primary operations interface between DOE-ID and its contractor for 
the ISF Facility during the transition period. 


The Quality Assurance Director assigned to the ISF Facility reports to a level equal to or above the 
reporting level of the Manager, ISFSI Management. The Quality Assurance Director assigned to the ISF 
Facility also interfaces with the DOE-ID ISFSI QA Program Manager who is responsible for the ISF 
Facility QA Program (see Chapter 11). 


9.1.2.2  Construction Organization 


This section describes the management and organizational relationships established for the design and 
construction review, including QA functions. Figure 9.1-3 shows the key management positions and their 
relationships within the ISF Facility Project Organization. 


The ISF Facility Project Director reports to the Chief Executive Officer and has responsibility and 
authority for the design review and construction of the ISF Facility. The ISF Facility Project Director is 
also responsible for ensuring that procedures, programs, and policies are developed, implemented, and 
maintained to ensure that design and construction activities are performed consistent with the QAP. 


The Chief Engineer is responsible for ensuring that: 
• design activities are properly defined, planned, controlled, verified, and documented; 


• plans and procedures are developed, maintained, and implemented describing the design process, 
design interfaces, design verification, and design changes; 


• applicable design specification requirements are correctly translated into drawings, procedures, 
and instructions; 


• design documents (e.g., design specifications, design reports, code data reports, construction 
specifications, drawings, specifications, reports, and calculations) have been properly prepared, 
reviewed, approved, and certified (when required); 


• analysis and design adequacy are independently verified, and for computational accuracy and 
appropriate use of computer programs that perform analytical operations; and 


• As Low As Reasonably Achievable (ALARA) considerations have been appropriately 
incorporated into the ISF Facility design. 


The Chief Engineer has authority for the following: 


• approves design documents, 
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• assures certification of design documents, and 


• approves design staff assignments. 


Four principal subcontractors support the ISF Facility design. Section 9.1.2.2.1 discusses their 
responsibilities and oversight. During design and construction of the ISF Facility, the technical staff 
reports to the Chief Engineer. 


The Chief Engineer is also responsible for establishing and maintaining procedures and programs 
associated with configuration management including: 


• the control, maintenance, and implementation of a configuration management program; 


• proper preparation, review, and approval of configuration management procedures, and 


• establishment, implementation, and maintenance of the document control and records 
management systems. 


The Chief Engineer has authority for the following: 


• approves configuration management procedures and submittals, and 


• approves configuration staff assignments. 


The Construction Manager reports to the ISF Facility Project Director and is responsible for performing 
constructability reviews during initial design and subsequent modifications. During construction, the 
Construction Manager oversees procurement and construction activities to ensure that the ISF Facility is 
constructed in accordance with design requirements. The Construction Manager is responsible for 
oversight of the acceptance testing of SSCs before turnover to operations for pre-operational testing. The 
Construction Manager is responsible for ensuring that construction and construction-related procurement 
activities are performed in accordance with the QAP. 


The Construction Manager has authority for the following: 


• cease work (construction phase), 


• secure properly trained and experienced craft personnel, and 


• source and recommend vendors and suppliers. 


The ESH&Q Manager, during design, assists the Chief Engineer, to ensure that industrial safety standards 
are incorporated into design. During construction, the ESH&Q Manager assists the Construction Manager 
in establishing safety programs and has the authority and responsibility for conducting assessments and 
audits to ensure that safety programs are effectively implemented. During construction the ESH&Q 
Manager’s functions include the review and qualification of subcontractors before performance of onsite 
work. The ESH&Q Manager is responsible for providing results of these assessments and audits to the 
ISF Facility Project Director, and requesting support for resolution of related issues. The ESH&Q 
Manager has authority for the following: 


• cease work, 


• audit/surveillance of project ESH&Q performance, 


• establish compliance with ESH&Q requirements, and 


• approves ESH&Q assignments. 
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The ESH&Q Manager also has the authority and responsibility to verify the adequacy and 
implementation effectiveness of the quality programs of the ISF Facility organization, including 
contractors and subcontractors. The ESH&Q Manager is responsible for overseeing the ISF Facility 
activities to ensure that quality activities are implemented in accordance with the QAP and integrated 
with other facility management, administrative, and oversight programs as appropriate. During design and 
construction, the ESH&Q Manager has the authority and responsibility to verify that structures, systems, 
and components (SSC) important to safety (ITS) are designed, procured, fabricated, inspected, and tested 
in accordance with the QAP. The ESH&Q Manager has cease work authority for quality related issues. 


The Licensing Manager assists the ISF Facility organization to ensure that NRC regulatory requirements 
are incorporated into the design and administrative programs. The Licensing Manager is responsible for 
establishing procedures to ensure that the license basis documents remain consistent with facility 
operation and design. The Licensing Manager has authority for the following: 


• cease work, and 


• approve licensing staff assignments. 


The Facility Manager is responsible for providing operations input and operability reviews on the facility 
design during design and construction. 


9.1.2.2.1 Interrelationships with Subcontractors and Suppliers 


The ISF Facility design is under the direct control and supervision of DOE-ID.  DOE-ID, as licensee, 
maintains full responsibility, authority, and accountability for all project activities.  Management of 
design, construction, and operation activities is provided by DOE’s contractor personnel.  The following 
table summarizes key subcontractors to FWENC that supported the current ISF Facility design, and 
whom may be called upon (through subcontracts) as necessary by DOE’s contractor to provide future 
technical support. 


 


Company Responsibility 
RWE NUKEM LTD.  Transfer Area design 
ALSTEC, Ltd. (ALSTEC) Storage Area design 
Utility Engineering (UE) Building steel, steel structures design, and balance-of-


plant design 
Tetra Tech FW, Inc. Storage Tube and Canister design 


In accordance with contractual requirements, a QA Program is established and maintained to ensure 
quality oversight of subcontractors. Activities are overseen in accordance with the QAP. The Tetra Tech 
FW, Inc., Storage Tube and Canister design is conducted in accordance with an ASME nuclear certified 
QA program. An Authorized Nuclear Inspector oversees the activities. 


As part of ISF Facility design, FWENC contracted equipment suppliers to provide SSCs ITS. FWENC 
issued specifications to these suppliers to develop system and component design, fabrication 
requirements, construction and installation details, and testing criteria. DOE-ID’s contractor will continue 
to oversee these activities (if and when reinitiated) in accordance with the QAP. The table below 
identifies major equipment suppliers. 
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Company Equipment, System, Component 
ALSTEC Canister handling machine (CHM) turret 
American Crane and Equipment 
Co. 


Cask receipt crane 


Ederer, Inc Cask trolley, canister trolley, cask handling machine bridge and 
trolley 


Mid Columbia Engineering Decanning machine 
PAR, Inc Fuel handling machine (FHM) 
Hot Cell Services Shield windows 


Electrical, plumbing, and other specialty subcontractors will be used to complete ISF Facility construction 
activities as appropriate. Subcontractors must be qualified to perform activities in accordance with the 
QAP. Quality of work is ensured by routine oversight of activities by ISF Facility construction 
supervision and management and oversight in accordance with the QAP. 


9.1.2.2.2 Technical Staff 


This section describes the contractor technical staff under the direction of the Chief Engineer. Contractor 
technical staff and consultant support for ISF Facility engineering, construction, and operation report 
functionally to the ISF Facility Project Director. Section 9.1.2.3 discusses staffing for the construction, 
pre-operational testing, and operation. Contractor and consultant technical staff support must meet the 
qualification requirements for onsite technical staff as provided in Section 9.1.3. 


The Chief Engineer retains design oversight of the entire facility and is supported project engineers and 
discipline-area engineers. Tetra Tech FW, Inc., Utility Engineering, RWE NUKEM LTD., and ALSTEC 
support the project engineers. 


Civil Engineers responsible for review and approval of the civil design associated with ISF Facility 
structures prepare, review, and approve the site seismic analysis, structural drawings, calculations, and 
analyses to ensure compliance with applicable design codes. 


Mechanical Engineers responsible for review and approval of the mechanical design aspects of the ISF 
Facility SSCs prepare, review, and approve mechanical drawings, calculations, and analyses including the 
thermal and stress analyses of the storage components (e.g., ISF canisters and storage tubes). 


Nuclear Engineers are responsible for the preparation, review, and approval of analyses related to 
criticality, nuclear decay heat generation, and radiation dose calculations. 


Process Engineers are responsible for the preparation, review, and approval of the fuel and waste handling 
processes, and ensure that the processes are integrated with the design. 


Electrical Instrument and Control Engineers are responsible for the preparation, review, and approval of 
design activities associated with electrical distribution, instrumentation, and control systems. 


Utility Engineering, or its successor, provides civil/structural design support for the steel structures in the 
Cask Receipt Area, Transfer Area, and Storage Area. In addition, Utility Engineering, or its successor, 
provides design support for the heating, ventilation, and air conditioning (HVAC) systems. DOE-ID 
retains responsibility and approval authority for the design. Such work is overseen by review by DOE-ID 
and contractor engineering staff in addition to the oversight required by the QAP. 
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RWE NUKEM LTD., formerly AEA, is responsible for the Fuel Packaging Area layout and for 
supporting development of design requirements and specifications of SSCs used for receipt and handling 
of the received fuel, including: 


• cask trolley, 


• Transfer Area port plugs, 


• shield windows, 


• master/slave manipulators, 


• special lifting fixtures (e.g., FHM lifting fixtures), 


• FHM, 


• worktable and ancillary equipment, and 


• canister trolley. 


DOE-ID retains responsibility and approval authority for the design specifications. The work performed 
by RWE NUKEM LTD. is overseen by review by DOE-ID and contractor engineering staff, in addition 
to the oversight required by the QAP. 


ALSTEC, formerly ALSTOM, is responsible for the design of the Canister Closure Area (CCA), storage 
vault, ISF canister internals (baskets), and the design and fabrication of the CHM. DOE-ID retains 
responsibility and approval authority for the design. ALSTEC’s work is overseen by review by DOE-ID 
and contractor engineering staff, in addition to the oversight required by the QAP. 


The ISF canisters and storage tubes are to be designed and fabricated to ASME Boiler and Pressure 
Vessel Code Section III, Division 1 requirements (see Section 4.2.1). The work is to be performed by 
Tetra Tech FW, Inc., in its Richland, Washington, Operations Office, which is an ASME-certified design 
organization. An Authorized Nuclear Inspector will oversee ASME work performed by Tetra Tech FW, 
Inc. 


9.1.2.3  Operations Organization 


The ISF Facility project organization will transition to an operations organization under the facility 
Manager when facility construction is complete. The ISF Facility operations organization, similar to the 
contractor’s organization shown in Figure 9.1-1, but more expanded, will be set up along functional lines 
that integrate assigned responsibilities and interrelationships of functional areas such as design, 
engineering, procurement, licensing, business, ES&H, quality, maintenance, and operations. 
Responsibilities and authorities of key personnel are summarized in Section 9.1.2.3.1. ITS functions and 
responsibilities such as nuclear criticality safety, QA, operations, health physics, maintenance, 
engineering, training and qualification, and emergency planning and response are noted in the applicable 
position descriptions. Each functional area manager is responsible for ensuring that personnel are 
properly qualified and authorized to perform assigned duties. 


The ISF Facility modes of operation are based on the spent nuclear fuel (SNF) handling activities, which 
fall into the following four operational modes: 


• receipt operations, 


• loading operations, 
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• canister handling, and 


• storage operations. 


Operations at the ISF Facility can encompass any combination of these activities. Each operational mode 
can be related to the confinement boundary provided for the SNF handling activities. For each operational 
mode, minimum staffing levels are established. Each of these operational modes is discussed below. 


Receipt Operations 


Receipt operations include activities associated with handling the SNF while it is contained in a transfer 
cask. Receipt operations begin when the transfer cask is received at the ISF Facility, and end when the 
first transfer cask lid bolt is detensioned. During receipt operations, the confinement boundary for the fuel 
is the transfer cask. Minimum operational staffing during receipt operations will consist of one shift 
supervisor and one equipment operator. 


Loading Operations 


Loading operations include activities associated with repackaging the fuel into ISF canisters. Loading 
operations exist whenever: (1) SNF is contained in a transfer cask without a fully tensioned closure lid; 
(2) fuel is in the fuel packaging area; or (3) fuel is in an ISF canister that has not completed its leak rate 
acceptance test. During loading operations, the confinement boundary for the SNF consists of the ISF 
Facility structures and systems as described in Section 3.3.2. During loading operations the minimum 
staffing include one shift supervisor, one certified operator, one equipment operator, and one radiation 
protection technician. 


Canister Handling 


Canister handling operations exist when SNF is contained in an ISF canister that has passed its leak rate 
acceptance test and the ISF canister is not contained in a sealed storage tube. During canister handling 
operations, the confinement boundary for the SNF is provided by the ISF canister structural integrity. 
Minimum operational staffing during canister handling operations will be one shift supervisor. 


Storage Operations 


Storage operations exist when an ISF canister containing SNF is contained in a sealed storage tube. 
During this mode of operation, the fuel is contained within a double confinement boundary, and decay 
heat is passively removed by natural convection. With the ISF Facility in this configuration there will be 
no active operations, and the minimum operational staffing will consist of one shift supervisor. 


Adequate staffing levels will be maintained to ensure radiation doses for individuals remain below 
occupational radiation exposure limits. Section 7.4.1 provides a summary of the operational dose 
assessments. Section 7.1 discusses the ISF Facility’s commitment to an ALARA program and the 
monitoring of personnel exposure to ensure compliance with administrative and regulatory limits. 


9.1.2.3.1 Personnel Functions, Responsibilities, and Authorities 


The daily management of the ISFSI operation is provided by the ISF Facility Manager. The ISF Facility 
Manager reports to the Manager, ISFSI Management. Assuring requirements are satisfied in the operation 
of the ISFSI is the responsibility of the ISF Facility Manager. 
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Personnel assigned to ISF Facility operations report to the ISF Facility Manager. Other personnel from 
the INL that may be assigned to work at the ISFSI will report to the ISF Facility Manager while at the 
ISFSI site. The ISF Facility Manager is responsible for maintaining the Operations Log that will be used 
to note the performance of all significant on-site activities and conditions. 


ISF Facility staff-level committees include an ALARA Committee and staff level safety review 
committee(s) or board(s) responsible to review changes to license basis documents and any associated 
evaluations. 


ISF Facility Manager 


During construction the ISF Facility Manager reports to the ISF Facility Project Director. During 
operations ISF Facility Manager reports to the Manager, ISFSI Management and provides leadership and 
overall direction and coordination for the facility. The ISF Facility Manager is responsible for the safe 
overall operation of the ISF Facility in accordance with the ISF Facility policies and programs and the 
NRC license. The ISF Facility Manager shall hold line managers, including direct reports, accountable for 
implementing necessary controls for safe performance of work in their area of responsibility. The ISF 
Facility Manager provides direct oversight and exercises upper-level management control over the 
operations activities through direction and oversight of the shift managers. 


The ISF Facility Manager or designee has the following responsibilities: 


• establish and implement policies, programs, and procedures to ensure the safe, legal, and efficient 
operation of the ISF Facility, 


• establish and implement policies, programs, and procedures to ensure that the quality 
requirements of the QAP are achieved, 


• ensure that regulatory requirements, commitments, and required notifications to NRC and other 
agencies are satisfied, 


• cease work activities associated with the ISF Facility and/or initiate emergency procedures in an 
emergency or abnormal condition, and authorize resumption of work activities when the initiating 
condition has been determined and corrective action has been taken to prevent recurrence, 


• certification of personnel to operate ITS equipment and controls in accordance with Section 9.3 
Training Program, 


• review and approve proposed facility modifications, procedural changes, and tests to ensure they 
do not require prior NRC approval in accordance with 10 CFR 72.48, 


• ensure that subordinate or delegated responsibilities, assignments, and authorities are understood 
and implemented by ISF Facility staff, 


• ensure that adequate resources, staffing, and training are available to safely operate the ISF 
Facility, 


• safe daily ISF Facility operations and maintenance, 


• cessation of work activities associated with the ISF Facility and/or initiation of emergency 
procedures in an emergency or abnormal condition, 
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• adherence to applicable local, state, and Federal regulations and Technical Specifications, 


• implementation of policies, programs, and procedures by shift operators, 


• identification and resolution of shift crew performance weaknesses, and 


• development and implementation of operating procedures. 


The ISF Facility Manager has responsibility and oversight of the following positions: 


• Shift Managers that have overall responsibility to ensure that shift operations of the ISF Facility 
are safely conducted in accordance with ISF Facility procedures, policies, and Technical 
Specifications. The Shift Operating Organization retains full authority and responsibility for the 
safety of the SNF. When the ISF Facility Manager is not on site, the Shift Manager is the onsite 
senior management representative for matters pertaining to safe operation of the ISF Facility, 
with authority and responsibility to cease work activities and/or initiate emergency procedures in 
an emergency or abnormal condition. 


• Certified Operators that report to the Shift Manager and have responsibility to safely conduct fuel 
movement activities in accordance with ISF Facility procedures, policies, and Technical 
Specifications. The Certified Operators conduct applicable surveillances to meet the requirements 
of the Technical Specifications. 


• Equipment Operators that report to the Shift Manager and have responsibility to safely conduct 
operations of support systems and components under the direction of a Certified Operator in 
accordance with ISF Facility procedures, policies, and Technical Specifications. The Equipment 
Operators conduct applicable surveillances to meet the requirements of the Technical 
Specifications. The Equipment Operators monitor operation of systems and components at the 
ISF Facility and performs switching and safety tagging operations to support maintenance 
activities. 


Facility Safety Officer 


The Facility Safety Officer reports to the ISF Facility Manager and provides oversight and direction of 
engineering activities associated with ISF Facility design, maintenance, and operation, fire protection, 
licensing, configuration management, and fuel accountability. The Facility Safety Officer oversees and 
directs onsite engineering and technical staff for the following functions and activities for support of ISF 
Facility operation and maintenance activities. 


The Facility Safety Officer has responsibility for, oversees and directs matrixed administrative and 
training functions at the ISF Facility. 


The Facility Safety Officer supports the ISF Facility Manager in day-to-day operations but reports to the 
ESH&Q Manager for issues involving personnel health or safety. This direct line to the ESH&Q Manager 
ensures appropriate independence from line management in health safety functions, including sufficient 
independence from cost and schedule issues. 


The Facility Safety Officer is responsible for environmental, health and safety, emergency planning, 
security, and administers radiation safety at the ISF Facility. The Facility Safety Officer, like all employees, 
has the authority to cease work activities not in compliance with environmental, safety, or radiation 
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protection programs or procedures. The Facility Safety Officer oversees and directs the following ISF 
Facility activities. 


• developing and implementing industrial health and safety procedures, 


• complying with applicable Occupational Safety and Health Administration (OSHA) standards, 


• ensuring compliance with environmental permit requirements, 


• planning and direction of radiation protection and ALARA programs, 


• development and implementation of radiation protection procedures, 


• packaging, storing, and shipping of radioactive waste, 


• advising and informing the ISF Facility Manager on matters pertaining to radiological safety, 
including the status of radiological health aspects of facility operation and maintenance and the 
identification of potential radiological concerns, 


• maintaining radiation protection-related records and monitoring for trends that may affect ISF 
Facility operation, 


• ensuring that the ISF Facility is maintained in a state of readiness for effective emergency 
response in accordance with the ISF Facility Emergency Plan (Ref. 9-3), 


• ensuring adequacy of the ISF Facility Emergency Plan implementing procedures, including that 
the ISF Facility staff is adequately trained in emergency response, and that emergency response 
facilities and equipment are adequate and properly maintained in a state of readiness, and 


• establishing and maintaining physical security in accordance with the ISF Facility Physical 
Protection Plan (Ref. 9-2). 


The Facility Safety Officer is also responsible for implementing the Radiological Protection Program. 
and, like all employees, has the authority to cease work activities not in compliance with radiation 
protection or ALARA program requirements The Facility Safety Officer supervises radiation protection 
technicians in performance of their assigned duties, which include: 


• monitoring radiological and environmental conditions, 


• determining and evaluating radiation hazards in relation to prescribed limits, 


• developing and recommending control and protective measures for radiological conditions, 


• performing radiation surveys of ISF Facility areas and equipment to define existing and potential 
hazards, 


• monitoring worker practices to ensure compliance with radiation protection and ALARA program 
requirements, 


• packaging and storing radioactive waste associated with radiation protection operations in 
accordance with applicable requirements, 


• calibrating survey and analytical instruments, 


• developing and implementing personnel monitoring activities, including maintenance of 
personnel exposure records and environmental survey records, 
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• maintaining radiation protection logs, and 


• performing investigations of personnel overexposure and excessive contamination and reporting 
the findings and corrective action recommendations to the ISF Facility Manager. 


The Facility Safety Officer is also responsible for the development and maintenance of the auditing and 
verification functions of the QAP. The Facility Safety Officer, through performance of QA audits and 
surveillance of project performance, ensures compliance with QAP requirements. The Facility Safety 
Officer responsibilities include: 


• initiating a work cessation action when necessary, to ensure implementation of the QAP, 


• overseeing implementation of the QAP to meet the requirements of 10 CFR, Part 72, Subpart G, 


• overseeing effective implementation of QAP procedures, 


• verifying, through monitoring of ongoing activities and reviews of records, that ITS activities are 
performed correctly and in compliance with governing procedures, standards, policies, and 
regulations, 


• coordinating ISF Facility quality activities to ensure appropriate oversight, in accordance with the 
required frequency, 


• developing, maintenance, and implementation of audit programs and schedules, and 


• timely and appropriate feedback to functional area managers of the results of audits, surveillance, 
inspections, and monitoring activities. 


The Facility Safety Officer will notify the Shift Manager of any significant adverse to quality condition 
pertaining to ITS SSCs, including operating and maintenance activities in progress. 


9.1.2.4 ISFSI Safety Review Committee 


Reporting to and chartered by a senior executive for operations is the ISFSI Safety Review Committee. 
This committee is comprised of senior technical personnel and management personnel with extensive 
nuclear experience in various areas. 


The purpose of this committee is to evaluate the performance of staff level safety review committees, to 
review performance indicators (such as audit findings, reportable events and conditions, Technical 
Specification violations); to review 10 CFR 72.48 evaluations (and associated procedure or design 
changes); to review changes to the Technical Specification Bases, SAR, Emergency Response Plan, and 
Physical Protection Plan; to approve license amendment requests; and to review preparations for major 
changes in operation (such as removing fuel from the ISFSI). The ISFSI Safety Review Committee shall 
also perform special reviews at the direction of the DOE-ID Facility Director. 


Core members, appointed in writing by the chartering senior executive, provide the needed technical 
expertise in engineering, radiological control, criticality safety, nuclear facility operations, and nuclear 
quality assurance; their technical qualifications are described in section 9.1.3 below. Other members may 
be appointed as considered appropriate by the chartering senior executive. 
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A quorum shall include three core members, the technical disciplines appropriate for the matters under 
review, and the DOE-ID ISF Facility Director. The DOE-ID ISF Facility Director is informed of all 
appointments to the Safety Review Committee. 


9.1.2.5 Succession of Operation Authority and Responsibilities 


The ISF Facility Manager has overall responsibility and authority for the ISF Facility. To ensure 
continuity of operation and organizational responsiveness to off-normal situations, a normal order of 
succession and delegation of authority will be established. The ISF Facility Manager will designate in 
writing personnel qualified to act as ISF Facility Manager in their absence. 


The ISF Facility Manager is the senior management representative on site with authority and 
responsibility for matters pertaining to safe receipt, packaging, and storage of SNF; as well as compliance 
with Technical Specifications. When the ISF Facility Manager is off site, the on-duty Shift Manager will 
assume these responsibilities. 


9.1.3 Personnel Qualification Requirements 


9.1.3.1  Minimum Qualification Requirements 


The following DOE-ID positions require minimum qualifications and training for the management and 
oversight of the ISF Facility: 


• ISFSI QA Program Manager 


• ISF Facility Director and designated alternate 


Both positions have direct access to the licensee on an as-needed basis and shown in Figure 9.1-1. The 
DOE-ID ISFSI QA Program Manager shall have a minimum of a Baccalaureate degree in an engineering 
or physical science field and five years of experience in nuclear quality assurance and certification as lead 
auditor. The minimum training for this position shall include the 10 CFR 72.48 process, QA program 
indoctrination, NRC requirements, and the ISF Facility License Basis (consisting of the identification of 
and orientation to the license and design basis documents). 


The DOE-ID ISF Facility Director shall have a minimum of a Baccalaureate degree in an engineering or 
physical science field and five years of experience in nuclear facility operations. The minimum training 
for this position shall include the 10 CFR 72.48 Process, QA program indoctrination, Technical 
Specifications, NRC requirements, and the ISF Facility License Basis. The designated alternate for the 
ISF Facility Director shall meet the same minimum qualifications and training requirements. 


The following contractor positions require minimum qualifications and training for the operation of the 
ISF Facility: 


• ISFSI Safety Review Committee members 


• Manager, ISFSI Management 


• ISF Facility Manager and designated alternate 
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• ISF Facility Safety Officer and designated alternate 


• Certified ISFSI Operators 


• Quality Assurance Manager assigned to ISF Facility 


The Chair, Members, and Alternates of the ISFSI Safety Review Committee (SRC) shall have a minimum 
of a Baccalaureate degree in an engineering or physical science field and five years of experience in one 
or more of the following technical areas at nuclear facilities: 


• Radiological Safety 


• Nuclear Safety (with at least two years of experience in criticality safety analysis) 


• Nuclear Facility Operations 


• Nuclear Quality Assurance 


• Engineering 


The minimum training for the Chair, Members, and Alternates of the ISFSI SRC shall include the 
10 CFR 72.48 process, QA program indoctrination, Technical Specifications, NRC requirements, and the 
ISF Facility License Basis. 


The Manager, ISFSI Management shall have a minimum of a Baccalaureate degree in an engineering or 
physical science field and five years of supervisory experience in nuclear facility operations. No 
minimum training requirements are associated with this position. 


The ISF Facility Manager shall have a minimum of a Baccalaureate degree in an engineering or physical 
science field and five years of supervisory experience in nuclear facility operations or equivalents for 
education and experience as approved by the Manager, ISFSI Management. The minimum training for 
this position shall include 10 CFR 72.48 process, ISF Facility License Basis, Radiation Worker, 
Emergency Response, and ISF Facility Qualification training. The designated alternate for the ISF 
Facility Manager shall meet the same minimum qualifications and training requirements. 


The ISF Facility Safety Officer shall have a minimum of a Baccalaureate degree in an engineering or 
physical science field and five years of supervisory experience in radiation protection for nuclear facility 
operations. The minimum training for this position shall be the ISFSI Radiation Protection Program. The 
designated alternate for the ISF Facility Safety Officer shall meet the same minimum qualifications and 
training requirements. 


The minimum qualifications for the position of Certified ISFSI Operators are successful completion of the 
biennial medical examination, training, and certification in accordance with the requirements in Section 
9.3. 
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The minimum qualifications for the QA manager assigned to the ISF Facility are a Baccalaureate degree 
in an engineering or physical science field and five years experience in nuclear operations quality 
assurance. No minimum training requirements are associated with this position. 


9.1.3.2  Qualification of Personnel 


The resumes or other appropriate documentation of personnel occupying the positions listed above will be 
kept on file to demonstrate compliance with the minimum requirements described. 


9.1.4 Liaison with Outside Organizations 


Despite the fact that the ISF Facility is a DOE-owned facility located on the INL with several other DOE-
owned facilities and DOE-managed programs, the external regulation by the NRC of the ISF Facility sets 
this facility apart in some respects. The INL is a large, remotely located site and has its own large security 
police force, a fire department, medical staff, emergency response teams, and full-time shift plant 
supervision. Thus, the INL infrastructure will be considered to serve equivalent functions as independent 
local agencies (similar to local city or county) do for typical commercially-licensed sites 


.
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9.2  PREOPERATIONAL TESTING AND OPERATION 


The purpose of the pre-operational testing at the ISF Facility is to ensure that the facility can safely 
receive, package, and load spent fuel into the ISF canister and place the loaded canisters in storage. 


The pre-operational test program starts with acceptance testing of safety-significant components (SSCs). 
This acceptance testing is performed by the construction organization and involves testing to verify 
compliance with construction specifications, procurement documents, and design requirements. This 
acceptance testing includes a functional test of the SSCs for proper system/component operation (e.g., 
testing of interlocks, load testing of cranes, system flow verifications). After acceptance testing is 
completed, the systems are turned over to the startup test organization who is responsible for “dry-run” 
testing using mock fuel assemblies and canisters fabricated to the dimensions and weights of the actual 
components. Dry-run testing is an integrated test program that verifies system interface operations, 
procedure usage, and adequacy of personnel training before receipt of SNF. The main objective of the 
pre-operational test plan is to verify the integrity of the structures and equipment and to substantiate the 
safety analysis. The pre-operational testing includes off-normal operation scenarios with mitigation plans. 
Overall goals of the pre-operational dry run are to: 


• demonstrate the functionality of equipment 


• verify adequacy of procedures used for receipt, transfer, and storage of SNF 


• verify adequacy of staff training and qualifications to safely operate the ISF Facility 


• develop proficiency with procedures involving radiation exposures to determine likely exposures 
for specific procedures and to consider alternative procedures to minimize exposures 


9.2.1  Administrative Procedures for Conducting Test Programs 


Test procedures will be developed for the ISF Facility. Approval of procedures, performance of tests, 
evaluation of test results, and incorporation of any needed system modifications or procedural changes 
(based on the results of the tests) will be performed by the contractor using administrative controls 
existing at the INL. 


ISF Facility administrative control procedures will be used for: 1) preparing, reviewing, approving, and 
conducting procedures and test instructions, and 2) documenting, evaluating, and accepting the test 
results. The minimum requirements for planning and conducting tests are contained in Section 11.11 of 
the SAR Chapter 11 (QAP). The pre-operational test program consists of two separate but integrated 
phases, 1) acceptance testing and 2) dry-run testing. Following completion of pre-operational testing, 
operations testing will be performed on initial receipt of each fuel type. The ISF Facility Manager has 
overall authority and responsibility for both the pre-operational and operational testing. 


The ISF Facility Manager is responsible for ensuring that acceptance tests prior to and during the pre-
operational testing are identified, acceptance test procedures are developed, and testing personnel 
qualifications are identified and met. These acceptance test procedures at the ISF Facility will be 
reviewed and approved by the ISF Facility technical staff, and test performance will be coordinated with 
the Construction Manager. Test procedures performed off site by equipment suppliers or contractors will 
be controlled in accordance with the QAP. The administrative process for conducting the initial test 
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procedures will include provisions for review of the activities to identify and incorporate lessons learned 
into dry-run procedures. 


The ISF Facility Manager is responsible for ensuring dry-run tests are identified, developed, and 
performed by qualified and trained personnel. Dry-run testing is performed, using mock fuel assemblies 
and canisters, to ensure that facility operations can be performed using the proposed operating procedures 
with qualified personnel before initial fuel receipt. The technical staff will review test procedures for 
technical accuracy. The dry-run test procedures will be verified and validated by table-top reviews or 
plant walk-downs by personnel qualified to perform the test and approved by the ISF Facility Manager. 
Pre-operational test procedures performed at the ISF Facility will contain the following minimum 
requirements. 


• personnel qualifications 


• objective(s) 


• prerequisites 


• applicable design, procurement, and/or facility license requirements 


• description of test configuration 


• test instructions 


• QA inspection hold points (if required) 


• acceptance criteria 


• measuring and test equipment requirements 


• test requirements and acceptance limits 


Completed preoperational testing will be documented by test reports that will include as a minimum: 


• item/system tested 


• date of test 


• test results and acceptability 


• identification and signature of test personnel 


• identification of measuring and test equipment used during test 


• evaluation of test results for acceptability 


• actions taken regarding any nonconformance noted 


Following completion of pre-operational testing, test reports will be reviewed to determine the need to 
incorporate system modifications or procedure changes, based on lessons learned. When changes to the 
system design or procedures are necessary, they will be reviewed to ensure that they do not require prior 
NRC approval in accordance with 10 CFR 72.48. In addition, a fuel acceptance readiness review (FARR), 
as described in Section 9.2.3, will be performed to ensure that the ISF Facility equipment, procedures, 
programs, and staffing are in place before receipt of the first fuel assemblies and commencement of 
startup testing. 
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Startup testing will be performed during initial fuel receipt for each fuel type to verify compliance with 
calculated dose projections and heat removal aspects evaluated in the SAR. The startup test plan will 
include the following elements as a minimum: 


• test procedures and confirmation of exposure times involving actual radioactive sources 


• direct radiation monitoring of Transfer Cask, canister trolley shielding, and facility shielding 
(including plugs, covers, shield windows, doors, etc.) for radiation dose rates, streaming, and 
surface “hot spots” 


• verification for the effectiveness of the passive heat removal features associated with the storage 
system 


• plans and preparations for controlling radiological activities include, as a minimum: 


o ALARA reviews and planning 


o radiation work permits 


o hot particle controls 


o contamination, exposure, and airborne controls 


o alarms and monitoring systems 


o contingency plans to restore plant to a safe condition if unexpected results are obtained 


The administrative process for conducting operational test procedures will include provisions for review 
of the activities to identify and incorporate lessons learned into facility design and operating procedures. 
In addition, design and operator training deficiencies will be identified, reviewed, and appropriate 
corrective actions taken. Changes to facility design or operations will be reviewed to ensure the change 
does not require prior NRC approval in accordance with 10 CFR 72.48. The ISF Facility Manager or 
designee approval of the changes is required prior to implementation. 


9.2.2  Test Program Description 


This section describes the pre-operational test objectives and the general methods for achieving those 
objectives, and discusses the bases for selection of acceptance criteria that will be used to evaluate the test 
results. 


Pre-operational tests will closely simulate actual operations involving fuel receipt, fuel packaging, 
canister closure, and canister storage, to ensure that qualified ISF Facility staff using the operational 
procedures can safely perform these operations. The testing program will be conducted using mock fuel 
assemblies, rods, or modules to simulate the different types of fuels to be handled in the Fuel Packaging 
Area of the Transfer Area. Either a Transfer Cask (Peach Bottom cask and canister/basket) or mock cask 
will be used to simulate receipt operations. Mock ISF canisters (i.e., canisters similar in configuration and 
construction but not to final QA or QC standards) will be used to test handling equipment (fuel 
repackaging process) and canister closure operations (i.e., welding, nondestructive examination [NDE], 
vacuum drying, and helium backfilling). These mock ISF canisters will be used to pre-operationally test 
Cask Handling Machine operations including insertion of mock canisters into a storage tube. Verification 
of ALARA practices, which are not completely achievable during dry runs, will take place during the 
initial fuel loading. 
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Before pre-operational test performance, test personnel shall have a clear understanding of their duties 
and responsibilities. The following shall be completed before pre-operational testing: 


• Personnel training and qualification per the approved training program. 


• A pre-job briefing for affected staff. 


• Hold and inspection points are clearly identified. 


• Stop-work criteria and contingency plans are established to place the spent fuel in a safe 
configuration. (e.g., established guideline for how long a cask or canister may remain suspended 
from a crane). 


• Personnel are aware of compensatory measures. 


• Oversight command and control responsibilities are clearly established, including notification 
requirements. 


• Specific radiological hazards are identified and controls are implemented. 


• Radiation dose rates will be verified during initiation of start-up testing to ensure that actual 
values are within prescribed limits. 


The methods for accomplishing the objectives and the acceptance criteria that will be used to evaluate the 
test results will be included in the procedures and test instructions. In addition, the general prerequisites 
for performing the tests, including special conditions to simulate normal and off-normal operating 
conditions, will be included in the procedures and test instructions. 


9.2.3  Physical Facilities 


This section discusses the type of tests and inspections to be performed on the ISF Facility safety 
significant components (SSCs) before receipt of SNF. 


During construction, testing or inspections will be used to verify configuration, materials, performance, 
and quality for SSCs ITS (see Section 3.4 for a list of ITS items). The purpose of testing and inspections 
during construction is to verify that design requirements, specifications, and applicable code criteria are 
satisfied. Construction, materials, operations, or quality items that are found not to satisfy requirements 
will be identified as nonconforming and resolution/corrective action will be taken as required by the 
QAP. 


Vendor-supplied SSCs are procured, tested/inspected, and received in accordance with the QAP. Quality 
oversight of this process requires the use of pre-approved vendors with conforming QA programs. 
Purchased items will be accompanied by documentation of conformance with requirements specified by 
DOE. 


The construction organization will acceptance test and inspect SSCs (e.g., testing of interlocks, load 
testing of cranes, system flow verifications) before turnover to the ISF Facility operations organization for 
pre-operational testing, to ensure that individual systems and components operate properly and will 
perform as designed. The ISF Facility Manager is responsible for development of acceptance 
test/inspection procedures, and for review and approval of testing/inspection requirements provided by 
vendors before implementation. Table 9.2-1 lists the SSCs that will be acceptance tested/inspected. 
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Satisfactory completion of the test/inspection will require conformance with the acceptance criteria 
specified in the test/inspection procedure. Section 9.2.1 presents the administrative process for conducting 
the test program. 


9.2.4  Operations 


This section discusses those operations to be tested. Operations testing begins after completion of the 
construction and functional testing of SSCs. This section discusses the dry-run testing. Startup testing is 
described in Section 9.2.3. 


Dry-run testing is the integrated system testing performed before initial fuel receipt to verify that the ISF 
Facility can be safely operated by individuals, qualified in accordance with the training program 
described in Section 9.3, using facility operating procedures. Mock fuel assemblies and canisters are used 
to simulate actual operations. Dry-run testing will verify that these activities can be performed: 


• Receipt Operations. Activities related to receipt of spent fuel at the ISF Facility, including 
unloading of the receipt cask from the transporter through transport to the Fuel Processing Area 
(FPA) fuel receipt port. 


• Packaging Operations. Activities performed in the FPA of the Transfer Area, where spent fuel is 
removed from the receipt containers (baskets or canisters), inspected, and placed in an ISF 
basket/canister in preparation for canister closure operations. 


• Canister Closure Operations. Activities performed to prepare new ISF Facility canisters and 
baskets for SNF loading, and activities associated with receipt of loaded canister from the FPA 
through closure of the ISF Facility canister (lid weld, vacuum drying, helium backfill, and leak 
test). Special emphasis will be placed on verifying ability to satisfactorily perform the final 
closure weld. 


• Loading Operations. Activities related to transferring sealed ISF Facility canisters from the 
Canister Closure Area (CCA) to the Storage Area and loading them into storage tubes in the dry 
vault storage system. 


• Unloading Operations. Activities relating to retrieving an ISF facility canister from an individual 
storage tube in the modular dry-vault storage system and transferring it either back into the FPA 
or into a licensed transportation device. 


• Waste Processing Operations. Activities involving handling and processing of radioactive waste 
(e.g., liquid, compactable, contact, and non-contact waste types). 


Pre-operational testing will be completed, results reviewed, and required corrective actions 
(e.g., procedure and equipment modifications) will be completed before receipt of fuel. The FARR is 
discussed in Section 9.2.3. Once the operational readiness is completed, the startup test program can 
commence. 


9.2.5 Test Discussion 


After pre-operational testing is complete, a FARR will be performed before receipt of SNF, to verify the 
ability of the ISF Facility and staff to safely receive, repackage, and store fuel. The FARR will consist of 
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a programmatic and procedure review, equipment and staffing review, and a performance assessment of 
operators, support staff, and management. The FARR will cover the following areas: 


Construction  


Construction activities complete (as required), as-built drawings updated and available in document 
control system, open items resolved, non-conformances corrected, acceptance construction test completed 
and approved, and inspections performed and accepted. 


Engineering and Technical Support  


Onsite technical staffing is adequate and available. Design control procedures are written and approved, 
required vendor information and manuals, design bases calculations, and as-built drawings are available 
as approved documents through the document control system. 


Operations 


Operating, off-normal, surveillance, and emergency response procedures are approved, operationally 
tested, and available in the document control system. Pre-operational testing including corrective actions 
for identified deficiencies and non-conformances, as required, are complete. Operational staffing is 
trained and adequate to support operations. 


Training  


Training procedures are written and approved. ISF Facility staff have completed required training. 


Radiological Controls  


Radiation protection procedures are approved, health physics personnel are trained, required radiation 
posting is completed, and radiological monitoring equipment has been tested and is operational. 


Maintenance and Surveillance  


Maintenance and surveillance procedures are approved, required spare parts is identified and available, 
post maintenance testing is complete as required, surveillances necessary to receive fuel are completed 
and current. 


Organization and Management  


Procedures affecting organization and management are approved and available through document control, 
adequately trained and qualified personnel available. 


Security 


Security procedures are approved, adequately trained and qualified personnel are available. Security 
equipment has been tested and is operational. 


Fire Protection  
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Procedures are approved, fire detection/suppression systems have been tested and are operational, and 
adequate fire personnel are trained and available. 


Emergency Response  


Emergency plan implementing procedures are approved, agreements for support organizations are in 
place, required emergency equipment has been tested and is operational, and emergency response staff is 
trained and qualified. 


Nuclear Safety  


Criticality controls and fuel accountability control procedures, and procedures for fuel acceptance 
verification, are approved and available through document control. 


The FARR team will consist of a team leader and support personnel with experience in operations, 
engineering and technical support, maintenance and surveillance, document control, security, fire 
protection, emergency response, and nuclear safety. The FARR team will develop a written report to 
document the results of their findings. Before commencement of startup testing, the FARR report will be 
presented to the DOE ISF Facility Director, who has approval authority for receipt of SNF. 


A startup test plan and implementing procedures will be written and approved before receipt of SNF. 
These documents will verify that the ISF Facility design bounds the calculated dose projections and the 
heat generation and removal aspects evaluated and presented in the SAR. Section 9.2.1 presents the 
elements of the startup test program. Startup testing will be performed on the first two fuel receipt 
shipments for each of the various fuel types to be handled by the ISF Facility. 
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9.3  TRAINING PROGRAM  


This section of the SAR comprises DOE's ISF Facility Training Program and is submitted pursuant to 
Subpart I of 10 CFR Part 72. The requirements of this training program are implemented by contractor 
procedures providing for the administration of training programs. Changes which do not decrease the 
effectiveness of this program will be documented in annual SAR updates. 


The objective of this training program is to use a systematic approach to training (SAT) to provide 
competent contractor personnel to perform all functions related to the operation of the ISF facility. The 
application of the SAT process will use a graded approach, with the training modules for the operation 
and maintenance of ISF structures, systems, and components identified as important-to-safety subject to 
the most rigorous application.  


9.3.1  Administration 


This training program ensures that qualified individuals will be available to perform planned and 
unplanned tasks while protecting the health and safety of plant personnel and the public. DOE, through its 
contractor, commits to maintain additional training to support the emergency plan, physical protection 
plan, quality assurance plan, and administrative and safety requirements, as required. Procedures and 
lesson plans used to implement this training program will be developed and maintained by the contractor.  


The Training Manager is responsible for the administration of training programs and for maintaining up 
to date records on the status of contractor and DOE-ID trained personnel, training of new employees, and 
refresher or upgrade training of present personnel.  


The ISF Facility Manager is responsible for ensuring that training requirements are specified for 
personnel assigned to support the ISF. In this role, the ISF Facility Manager or designee will approve all 
ISF Facility specific lesson plans, applications for exceptions of training requirements, and extensions of 
retraining and requalification requirements. Training material for ISF Facility support functions (such as 
radiation protection, ESH&QA, emergency response/emergency plan, and security/physical protection 
plan) may be developed and approved by the appropriate support organization. 


The ISF Facility Manager is responsible for ensuring that training requirements have been satisfied for 
personnel assigned to the ISF Facility. 


9.3.2  Records 


The following records on the status of trained personnel will be maintained for a minimum of five years 
in accordance with the Records Section 9.4.2 below: 


a. Results of each Certified ISF Operator’s biennial medical examination. 


b. The completed records of operator certification. 


9.3.3  Instructor Qualifications and Development 


The DOE contractor shall provide for and document the qualification and training of the Training Staff. 
Instructors designated to teach the Certified ISF Facility Operator Program shall possess subject matter 
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expertise for a particular subject or topic. Instructors initially qualified shall maintain qualifications by 
instructing classes, and administering or grading examinations and On-the-Job Training (OJT) guides, 
and preparing, reviewing, or revising Certified ISF Facility Operator instructional material. 


9.3.4  Development of Training Material 


The DOE contractor shall maintain procedures providing for the analysis of jobs, design of initial and 
continuing training, development of instructional material, implementation (conduct of training), and 
evaluation (examinations, performance demonstration, program effectiveness, etc.). The development of 
training material shall be performed by trained and qualified staff. The DOE contractor shall maintain 
academic lesson plans and On-the-Job training (OJT) guides developed in accordance with this training 
program.  


Because of varied complexity and scope of job functions, the degree of analysis (needs analysis, job 
analysis, task analysis) necessary to define training program content will vary. For example, a job and 
needs analysis may be appropriate for operations and maintenance personnel, whereas a less formal 
broad-based assessment of training needs is appropriate for technical staff personnel. Job analyses need 
not be conducted for technical support staff personnel. Consensus-based content guides should be used to 
assist with the determination of technical support staff training program content.  


9.3.5  Training Improvement 


The DOE contractor shall provide for and document the evaluation of training programs in order to 
ensure the continued improvement of training material and the conduct of training. A DOE assessment of 
the contractor's implementation of this training program shall be performed biennially.  


9.3.6  Frequency of Training 


Training requirements must be completed within the period specified in the sections below for General 
Employee Training and Certified ISFSI Operator Training; however, a grace period of 25% is allowed. 
Not completing the retraining requirements within the specified frequency will require completion of the 
initial training course in order to have qualification reinstated. 


9.3.7  General Employee Training 


Personnel requiring unescorted access to the ISF Facility must successfully complete General Employee 
Training (GET). The GET training program will be composed of topics derived through analysis (e.g., 
needs, job, or task analysis). Refresher training is required annually in order to convey pertinent 
modifications, procedure changes, regulatory changes, or other significant material as applicable. 


9.3.8  Certified ISF Facility Operator Training 


The training for Certified ISF Facility Operators and supervisors shall provide for initial training and 
testing of personnel who operate equipment identified as important to safety and will also provide for 
retraining, proficiency testing, and requalification as required based on job function analysis. Certified 
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ISF Facility Operators will be actively maintained during transport and loading and unloading operations. 
During extended storage periods, qualifications will be required for ISF Facility monitoring activities. 


ISF Facility equipment and controls that have been identified as important to safety in this SAR and in the 
license shall be operated by either personnel who have been trained and certified in accordance with this 
section or who are under the direct visual supervision of a trained, certified individual. Personnel who are 
in-training shall not independently make decisions or take actions that could affect facility safety, nor 
shall personnel who are in-training be placed in such positions. However, they may independently 
perform specific tasks or job assignments for which they are qualified.  


Qualification and Certification is contingent upon meeting and maintaining the following criteria: 
obtaining a score of >80% on all academic examinations; and satisfactory performance of all OJT 
practical evaluations. A score of < 80% on any academic examination or failure to demonstrate 
satisfactory performance of an OJT practical evaluation shall result in the removal of the qualification or 
certification associated with the examination or evaluation. Following a failure, the qualification or 
certification is regained through successful completion of remedial training and retesting. 


The physical condition and general health of certified personnel shall be verified by physical examination 
before initial certification and biennially thereafter. These physical examinations consider conditions 
which might cause impaired judgment or motor coordination. In addition, if an employee's behavior or 
condition creates a hazard to health or safety, then stop work may be imposed. 


Each individual shall be given instructions regarding the hazards and safety precautions applicable to the 
type of work to be performed, general workplace hazards, and the procedures for protecting themselves 
from injury. These instructions are normally given during pre-job briefs prior to operations. 


The certified operator continuing training programs shall be structured using a graded approach of the 
SAT process commensurate with specific position needs, and shall be administered on a biennial cycle.  


9.3.9  Technical Support Positions 


Technical support staff personnel are typically involved in surveillance, testing, analyzing facility data, 
planning modifications, program review, and technical problem resolution in their area of expertise (e.g., 
electrical, mechanical, instrumentation and control, chemistry, radiation protection, safety, quality 
assurance, facility engineering, security, emergency response).  


The DOE contractor shall develop a list of specific technical staff positions that have a direct impact on 
employee, facility, or public safety. 


Training for the applicable support positions shall include administrative and management controls 
associated with ensuring compliance with the ISF facility license conditions. 
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9.4  NORMAL OPERATIONS 


This section describes the procedure controls associated with ITS operations, and the management system 
for maintaining records related to the operation of the ISF Facility. 


9.4.1  Procedures 


Procedures are used to document the performance of ITS activities and compliance with regulatory 
requirements. The format and content of written procedures include: 


- Introduction (includes purpose and scope) 


- precautions and limitations 


- prerequisites 


- instructions (sequence, forms to be completed, acceptable conditions, actions if conditions aren't 
acceptable, approvals) 


- records 


ISF Facility procedures are to be followed verbatim to ensure that activities are conducted safely and in 
accordance with regulatory requirements. If a procedure cannot be performed as written, the person 
performing the activity will stop the activity and, if necessary, place the system or component in a safe 
condition. The Shift Manager will be notified of procedure inadequacies and the activity will not resume 
until corrective actions have been implemented. 


ITS activities and activities affecting quality are accomplished in accordance with approved and 
documented instructions, procedures, and drawings. Detailed written procedures developed, reviewed, 
and approved in accordance with ISF Facility requirements are used to perform operations, maintenance, 
surveillance, and testing activities. The following are the categories, criteria, and attributes of the types of 
procedure that will be implemented and maintained at the ISF Facility. 


Administrative Procedures are instructions to ISF Facility personnel to provide an understanding of 
operating philosophy and management policies. These procedures include instructions for personnel 
conduct and procedures to develop, review, change, and approve facility procedures. Administrative 
procedures describe activities to ensure that personnel safety, working environment, procurement, and 
other general activities of the ISF Facility are conducted with quality and in a safe manner. 


Radiation Protection Procedures are used to implement the radiation control program and ensure 
compliance with 10 CFR 20 and ALARA principles (Ref. 9-1). The procedures describe the methods for: 


• use of environmental monitoring and measurement equipment 


• qualifications and training of radiation protection personnel 


• performance of surveys, measurements, and assessment of radiological conditions 


• control of radiation hazards 
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• generation, review, and control of radiation work permits 


Maintenance Procedures are used to implement the preventative and corrective maintenance program. 
Preventative maintenance procedures, including calibrations, are performed at a specified frequency to 
preclude degradation of ISF Facility SSCs. Corrective maintenance procedures are used to repair broken 
or degraded equipment. These maintenance procedures identify the level of qualification necessary for 
performance and provide a record of the activities performed, the date performed, and the person(s) 
performing the activity. In addition, prerequisites to perform the maintenance are identified, as well as 
post-maintenance testing requirements. Prerequisites include such things as facility operation mode, 
equipment configuration, or verification of alternate equipment availability. 


Surveillance Procedures are used to implement the surveillance requirements of the ISF Facility operating 
license, which includes the Technical Specifications, to verify that plant operations and equipment 
operability comply with the conditions of the ISF Facility operating license. Surveillance procedures are 
performed periodically and before return to service after equipment maintenance or modification. 
Surveillance procedures will identify the level of qualification necessary for performance and will 
establish requirements for methods used to provide a record of the activities performed, the date 
performed, and the person(s) performing the activity. These procedures will also identify the source 
requirement for the surveillance, period for performance, acceptance criteria, and actions necessary if the 
acceptance criteria are not satisfied. 


Operating Procedures provide instructions for normal and off-normal operations, including receiving, 
handling, repackaging, and storing spent fuel, and other operations ITS, such as those identified in the 
Technical Specifications. Procedures for operating equipment ITS include specification of 
certification/qualification requirements for personnel performing the procedure. Operating procedures 
also provide instructions for operation of equipment such as the storage area monitoring equipment and 
other plant equipment. 


QA Procedures prescribe necessary elements of quality oversight to ensure that activities ITS are 
conducted in a controlled manner in accordance with the QAP. 


Review, Change, and Approval Process 


Written administrative procedures control the approval of new procedures and subsequent revisions. 
Administrative procedures specify the format, review process, and approval requirements. The ISF 
Facility Manager is responsible for ensuring that the administrative procedures for facility processes are 
implemented. 


New procedures and subsequent revisions to procedures are reviewed by appropriate subject matter 
experts on the facility staff and by affected organizations. Before implementation, the ISFSI Operations 
Safety Board (OSB) will review new procedures and subsequent changes. The ISF Facility Manager or 
designee must approve new procedures and subsequent revisions before issue. The procedure reviews and 
approval process will be documented in accordance with the QAP. 
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9.4.2  Records 


Administrative procedures have been implemented to ensure that quality records are identifiable and 
retrievable.  Information Management Services will maintain records of historical operation of the ISF 
Facility. ISF Facility personnel are responsible for ensuring that QA records are legible, accurate, 
complete, and identifiable to the item or activity to which they apply. In addition to QA records, the 
following records will also be maintained in accordance with the regulatory reference(s) provided: 


• records of spills or other abnormal occurrences involving the spread of radiation in and around 
the facility, equipment, or site, in accordance with 10 CFR 72.30(d)(1) 


• as-built drawings and modifications of structures and equipment in restricted areas where 
radioactive materials are used and/or stored, and of locations of possible inaccessible 
contamination such as buried pipes, in accordance with 10 CFR 72.30(d)(2) 


• a list contained in a single document and updated no less than every 2 years of the following, in 
accordance with 10 CFR 72.30(d)(3): 


o areas designated and formerly designated as restricted areas as defined under 10 CFR 
20.1003 


o Areas outside of restricted areas that require documentation under 10 CFR 
72.30(d)(1) 


• records of cost estimate performed for the Proposed Decommissioning Funding Plan, in 
accordance with 10 CFR 72.30(d)(4) 


• records of receipt, inventory, disposal, acquisition, and transfer of all spent fuel and high-level 
radioactive waste in storage, as required by 10 CFR 72.72(a) 


• records of physical inventories and current material control and accounting procedures as 
required by 10 CFR 72.72(b) and 10 CFR 72.72(c) 


• records of changes in the facility design, of changes in procedures, and of tests and experiments 
made pursuant 10 CFR 72.48(c)(1). These records must include a written evaluation that provides 
the bases for the determination that the change, test, or experiment does not require a license 
amendment pursuant to 10 CFR 72.48 (c)(2), pursuant to the requirements of 10 CFR 
72.48(d)(1). 


• records of employee certification as required by 10 CFR 72.44 


• QA records as required by 10 CFR 72.174 


• radiation protection program records as required by 10 CFR 20 Subpart L which includes 


o program contents, audits, and reviews 


o radiation surveys 


o determination of prior occupational dose 


o planned special exposures 


o individual (worker) monitoring results 


o dose to individual members of the public 
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o test of entry control devices for very high radiation areas 


• records of changes to the Physical Protection Plan as required by 10 CFR 72.44(e) and 72.186, 
and other physical protection records required by 10 CFR 73.21 and 10 CFR 73.70 


• records of occurrence and severity of natural phenomenal as required by 10 CFR 72.92 


• record copies of: 


o SAR and updates per 10 CFR 72.70 


o Safety Review Committee records 


o reports of accidental criticality or loss of special nuclear material as required by 10 
CFR 72.74 and 10 CFR 73.71 


o material status reports per 10 CFR 72.76 


o nuclear material transfer reports per 10 CFR 72.78 


o Physical Protection Plan per 10 CFR 72.180 


o Other records and report per 10 CFR 72.82 


The following records will be maintained as QA records in accordance with the QAP: 


• operating records, including maintenance records on significant equipment 


• records of off-normal occurrences and events associated with radioactive releases 


• environmental survey records and environmental reports 


• radiation monitoring readings and/or records (e.g., strip charts) 


• report of preoperational test acceptance criteria and test results 


• written procedures 


The above records will be stored in accordance with the QAP. Security records, including security 
training and qualification records, will be maintained in accordance with the Physical Protection Plan 
(Ref. 9-2). 
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9.5  EMERGENCY PLANNING 


The ISF Facility will repackage and store SNF; therefore, the Emergency Plan was written to meet the 
requirements of 10 CFR 72.32(b) (Ref. 9-3). In accordance with 10 CFR 72.32(b), the Emergency Plan 
provides for two classifications of accidents: “alerts” and “site area emergencies.” The Emergency Plan 
developed emergency action levels for postulated accidents in each of the following areas: 


• transfer cask accidents 


• fuel packaging accidents 


• fuel storage accidents 


• external events (loss of power, earthquake, flood, extreme wind, lightning, accidents at nearby 
sites, volcanism, and aircraft impacts) 


Because the ISF Facility site is remote, the DOE or its support contractors primarily provide emergency 
support services described in the Emergency Plan. 


The ISF Facility Manager, or in the manager’s absence, the Shift Manager(s) provide the onsite 
management and interface with the DOE INL infrastructure to respond to an event requiring 
implementation of the Emergency Plan. 
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9.6  DECOMMISSIONING PLAN 


The Proposed Decommissioning Plan describes the proposed ISF Facility decontamination and 
decommissioning activities and funding method (Ref. 9-4), to demonstrate that it can be safely and 
effectively decommissioned. If DOE does not request and receive an exemption from the decontamination 
and decommissioning provisions of the NRC regulations, DOE-ID will provide a final decommissioning 
plan prior to the start of decommissioning work.  


The Proposed Decommissioning Plan was developed in accordance with NRC Regulatory Guide 3.65 
and discusses the following topics (Ref. 9-5): 


• plans for safely and efficiently decommissioning the ISF Facility 


• ISF Facility design features to facilitate decommissioning 


• estimate of decommissioning costs and financing method 


• tentative selection and description of the plan decommissioning method 


• basis for tentative selection of decommissioning method 


If DOE does not request and receive an exemption from the decontamination and decommissioning 
provisions of the NRC regulations , to facilitate decommissioning, the records required by 10 CFR 
72.30(d)(1) through 72.30(d)(4) will be maintained as quality records until decommissioning is complete 
and the ISF Facility license is terminated. 
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9.7  PHYSICAL PROTECTION PROGRAM 


The purpose of the physical protection program is to establish and maintain the physical protection of the 
SNF stored in the ISF Facility in accordance with 10 CFR 72 Subpart H, Physical Protection, and 
applicable portions of 10 CFR 73 (Ref. 9-6). 


The ISF Facility Physical Protection Program is described in the Physical Protection Plan (Ref. 9-2). The 
plan includes as appendices the Security Personnel Training and Qualification Plan and the Safeguards 
Contingency Plan. 


Because the Physical Protection Plan contains safeguards information and is controlled and protected in 
accordance with 10 CFR 73.21 and 10 CFR 2.390, it has been submitted for NRC review under separate 
cover (Ref. 9-7).  
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Table 9.2-1 
Acceptance Tests 


Structure, System, or 
Component Summary of Test 
Cask receipt crane Functional test of controls and interlocks and load test (NUREG-0554 


criteria) 
Cask trolley Functional test of controls and interlocks, load testing (NUREG-0554) 
FHM Functional test of controls and interlocks and load test (includes power 


manipulator system), Test criteria based on NUREG-0554, ANSI/ASME 
B30.2, and CMAA Specification 70. 


MSMs Functional test per vendor recommendation 
Decanning machine Functional test using mock cans 
Worktable system Functional testing to verify capability to tip, rotate, and cut canisters and 


cans 
Canister trolley Functional test of controls and interlocks, load testing (NUREG-0554) 
CCA Testing in accordance with ASME B30.2 and DOE-STD-1090 Section 7.3 
Canister welding 
equipment 


Functional/demonstration test on mock canister weld areas 


Vacuum drying system Functional test per vendor recommendation 
Helium back fill system 
and leak test system 


Functional test per vendor recommendation 


CHM Functional test of controls and interlocks and load test (NUREG-0554 
criteria) 


Storage tube Fit test to verify shield plug and cover plate fit up 
Special lifting fixtures Load test, functional test to verify grapple/load engagement 
Transfer Tunnel doors Functional test of controls and interlocks 
HVAC system Functional test to include controls and interlocks, ventilation flow and 


balance, and HEPA filter efficiency 
Instrumentation and 
controls 


Channel functional tests and channel calibrations 


Fire protection equipment Testing will be performed to satisfy the following: 
NFPA 25(1998) - water suppressions 
NFPA 72 (1999) - detection and alarms 


Normal and emergency 
lighting 


Functional test  
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Figure 9.1-1.  DOE-ID ISF Facility Organization 
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Figure 9.1-2.  DOE-ID ISF Facility Organization and Contractor Interfaces 
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Figure 9.1-3.  Contractor ISF Facility Project Organization  
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10.0 OPERATING CONTROLS AND LIMITS 


10.1 TECHNICAL SPECIFICATIONS 


On November 30, 2004, the Nuclear Regulatory Commission issued Materials License, SNM-2512 
(Ref 10-1) to authorize the receipt, storage, and transfer of spent nuclear fuel at the Idaho Spent Fuel 
(ISF) Facility. This License, which includes the Technical Specifications, provides the functional and 
operating limits, limiting conditions for operations, surveillance requirements, design features, and 
administrative controls appropriate to the ISF Facility. The ISF Facility License, including the Technical 
Specifications, contains restrictions that limit facility conditions consistent with the ISF Facility design 
requirements for the safe receipt, handling, and interim storage of spent nuclear fuel as described in this 
Final Safety Analysis Report. 
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10.2 REFERENCES 


10-1.  U.S. Nuclear Regulatory Commission (2004), Idaho Spent Fuel Facility Materials License, 
SNM-2512, November. 
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11.0 QUALITY ASSURANCE 


Beginning with accepting responsibility for the design of the ISF Facility ISFSI through to its completed 
decommissioning, it is the policy of DOE-ID to ensure that the facility is designed, constructed, handled, 
shipped, stored, cleaned, assembled, inspected, tested, operated, maintained, modified and decommis-
sioned in a manner that assures the health and safety of workers and the public and protects the environ-
ment. The Quality Assurance Program is developed to confirm that essential technical and quality 
requirements for structures, systems, and components are achieved and documented.  


DOE-ID maintains full responsibility for the development and execution of the ISF Facility ISFSI Quality 
Assurance Program. This program applies to design; purchase; fabrication; handling; shipping; storing; 
cleaning; assembly; inspection; testing; operation; maintenance; repair; modification of structures, systems, 
and components; and decommissioning activities that are important to safety. The ISF Facility ISFSI Quality 
Assurance Program is maintained to satisfy the requirements established in 10 CFR 72, Subpart G, "Quality 
Assurance." 


The proposed quality assurance program for the ISF Facility is the same as the currently approved Quality 
Assurance Program (DOE/RW-0333P, Revision 10 [11.1]) for the TMI-2 and FSV ISFSIs (SNM-2508 and 
SNM-2504 respectively) and is included as part of the ISF Facility ISFSI license transfer application. The 
contents of the Quality Assurance Requirements and Description (QARD) are listed in Table 11.0-1. For 
ISF Facility ISFSI activities, DOE-ID and its contractor will apply applicable portions of the QARD to items 
important to safety. The purpose of this chapter of the SAR is to define the implementation and application of 
those applicable QARD requirements for the ISF Facility ISFSI, including the relationship and integration of 
DOE-ID and contractor quality assurance responsibilities. To facilitate this description, this chapter is written 
and developed following the format of the QARD. The quality assurance program described in this chapter 
shall be implemented by DOE-ID and its contractor through the use of approved, controlled implementing 
documents. 


Changes that reduce the effectiveness of quality assurance program commitments and represent a change per 
10 CFR 72.48, "Changes, Tests, and Experiments," will be submitted to the NRC for its review and 
acceptance prior to implementation. 


The ISFSI Quality Assurance Program provides for a graded approach to the implementation of the QARD 
Elements, Supplements, and Appendices. 


The remaining sections of this chapter describe how each of these Elements, Supplements, and Appendices 
will be implemented for the ISF Facility ISFSI. 
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All structures, systems, and components are analyzed to determine whether their functions or physical 
characteristics are essential to the safety function. Those items determined to be important to safety are 
subject to the applicable requirements of the QARD and identified in Table 3.4-1 in the ISF Facility SAR 
Structures, systems and components which are not important to safety have the QAP applied in a graded 
approach. 


11.1 ORGANIZATION 


The following is the organizational philosophy of the ISF Facility ISFSI Quality Assurance Program. 


DOE, as facility owner and licensee, retains ultimate responsibility for the safe operation of the facility and 
compliance with all license conditions. The management and operation responsibility of the facility is 
delegated to the contractor. To exercise its ultimate responsibility, DOE-ID will: 


1) Retain responsibility for and perform independent assessments of the contractor's ISFSI quality 
assurance program; 


2) Ensure that the license conditions for the facility are included in the contractor's contract; 


3) Assess the performance of the contractor against the terms of their contract; 


4) Retain the responsibility to budget funds necessary and sufficient to safely operate the facility; and 


5) Retain the authority to revise the contract in the event contract deficiencies are found relative to 
proper implementation of license conditions. 


The primary role of DOE-ID is management oversight rather than daily, direct management. Therefore, a 
strong assessment function is retained by DOE-ID. The contractor's Quality Assurance (QA) Director has 
responsibility for development, management, and implementation of the contractor’s quality assurance 
program. As part of this responsibility, the QA Director ensures that other sub-tier contractor Quality 
Assurance Programs meet all applicable requirements of the QARD for their scope of work. 


The Quality Assurance Program is implemented by trained personnel with adequate resources so that cost 
and scheduling considerations do not override the Quality Assurance Program's function. Quality shall be 
achieved and maintained by those who have been assigned responsibility for performing work. Quality 
achievement shall be verified by persons and organizations not directly responsible for performing the work. 
Positions or organizations responsible for establishing and executing the quality assurance program may 
delegate work to other organizations. However, the positions or organizations making the delegation shall 
retain overall responsibility for the delegated work. Differences of opinion involving quality assurance 
requirements shall be brought to the attention of the appropriate management, and, if not resolved, shall be 
elevated progressively to successively higher levels of management. Stop work authority for significant 
conditions adverse to quality is assigned to the Manager of DOE-ID. Contractor stop work authority resides 
with the INTEC QA Manager. 


Stop work requests and actions are described in the DOE-ID and contractor's implementing documents. 
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DOE-ID and contractor Quality Assurance personnel have the necessary authority, resources, and 
organizational freedom to implement the Quality Assurance Program, including the ability to identify quality 
problems; to initiate, recommend and provide solutions; and to verify implementation of solutions. QA 
personnel also have written authority and responsibility to stop unsatisfactory work, controlling further 
processing, delivery, installation, or use of nonconforming items. 


QA personnel ensure that assessments of the Quality Assurance Program and its effectiveness are reported to 
the appropriate levels of management. Specific quality assurance responsibilities for the ISF Facility ISFSI 
are provided below. 


11.1.1 The Office of the Manager 


The Manager of DOE-ID is responsible for overall executive management of the Idaho Operations Office. 
The Manager of DOE-ID has signature authority as the NRC Licensee. (See Figure 9.1-1) 


11.1.2 The Office of Administration Services 


The responsibility for developing the appropriate revisions to the contractor's contract with DOE-ID is 
delegated to the DOE-ID Contracting Officer. 


11.1.3 The Office of Environmental Management 


The responsibility for the licensee's role of providing program direction to the contractor lies with the 
Assistant Manager, Office of Environmental Management (EM). Oversight of the EM owned spent fuel 
management facilities and activities, including the NRC-licensed ISFSIs is delegated by the Assistant 
Manager for EM to the Facility and Material Disposition Project Director. 


DOE-ID personnel performing quality affecting activities are responsible for: 


1. Planning and meeting product quality requirements and implementing the Quality Assur-
ance Program in their work 


2. Retaining responsibility for delegated work 


3. Notifying the immediate supervisor to resolve differing staff opinions related to safety is-
sues and quality issues and if not resolved elevating disputes to successive levels of man-
agement until resolved 


4. Recommending work to be stopped when significant conditions adverse to quality are 
identified. 
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11.1.4 Office of Operational Support 


The DOE-ID Assistant Manager, Office of Operational Support, is responsible for oversight of the con-
tractor as stated in Section 9.1.2. The responsibility for oversight of both the contractor’s Quality Assur-
ance Program for the ISFSI as well as the DOE-ID oversight program of the contractor’s performance in 
ISFSI operations is delegated through the Assistant Manager, Office of Operational Support to the Qual-
ity and Safety Division Director. The Quality and Safety Division Director delegates the responsibility for 
QA oversight of the ISFSIs to the ISFSI Quality Assurance (QA) Manager. The management responsibili-
ties of the ISFSI QA Manager are herein defined. 


The ISFSI QA Manager is at the same or higher organization level as the highest Program Manager/Team 
Leader responsible for performing work subject to the requirements of the QARD, has knowledge and 
experience in quality assurance and management, and has no other duties or responsibilities that could 
compromise the required independence. The ISFSI QA Manager has the organizational freedom to com-
municate with senior management and is sufficiently independent from cost and schedule considerations. 


The ISFSI QA Manager is responsible for providing guidance and direction to the DOE-ID line organiza-
tion and its contractor on quality assurance matters relating to NRC Licensing activities, developing 
DOE-ID's Quality Assurance Program implementation of the QARD, and effectively assuring confor-
mance to quality requirements. The ISFSI QA Manager also is responsible for the overview of work 
subject to QARD requirements. This overview includes verifying achievement of quality of work by 
DOE-ID’s line organization and its contractor through assessments, surveillances, or other means of 
verification, as appropriate. 


The ISFSI QA Manager and the contractor's QA Director, respectively, are responsible and accountable 
for coordinating with the responsible managers to ensure that acceptable QARD requirement implementa-
tion is developed and established and for documenting and promulgating Quality Assurance policies, 
goals and objectives. 


Also, the ISFSI QA Manager is kept current through various reports and verifies the implementation, 
adequacy, and effectiveness of the overall Quality Assurance Program while maintaining a continual 
involvement in Quality Assurance matters (See Figure 9.1-1). 


The ISFSI QA Manager is responsible for developing and implementing the Quality Assurance Program. 
This includes the following activities: 


1) Developing, reviewing, approving, issuing, and maintaining DOE-ID’s implementing 
procedures 


2) Verifying that the Quality Assurance Program is properly established and executed 


3) Ensuring that quality is verified by an organization not responsible for the work and en-
suring that the Quality Assurance Program is adequate and being effectively implemented 


4) Ensuring Quality Assurance training and qualification programs are developed for DOE-
ID and contractor personnel who perform quality affecting activities. 
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5) Develop, manage, update, and implement a Quality Assurance Audit Plan and schedule, 
and coordinate NRC participation in audit activities 


6) Identifying quality problems; initiating, recommending, or providing solutions to quality 
problems; and verifying the implementation of solutions to quality problems 


7) Determining the cause of significant conditions adverse to quality and ensuring that cor-
rective action is initiated for all conditions adverse to quality 


8) Accepting final resolution for all DOE-ID audit findings and proposed corrective actions 


9) Initiating stop work orders within the license oversight program, when required 


10) Receiving and compiling Quality Assurance information and forwarding Quality Assur-
ance program status reports to management 


11) Interfacing with NRC to coordinate and clarify NRC Quality Assurance requirements, the 
Quality Assurance Program, and to resolve Quality Assurance issues to NRC require-
ments 


12) Interfacing with NRC to coordinate plans and schedules relevant to Quality Assurance for 
NRC overview of licensing activities 


13) Being responsible for interpreting and approving Quality Assurance Program require-
ments as they apply to the contractor's scope of work. 


14) Assignment of the Quality Assurance Specialist (QAS) staff. 


11.1.5 Contractor Personnel 


DOE and its contractor personnel perform work subject to the requirements of the QARD per the controls 
established in their respective implementing documents. The QARD requirements for the contractor are 
identified in the appropriate procurement documents. The ISFSI QA Manager provides overviews of the 
contractor's work subject to QARD requirements by using appropriate verification methods. 


Quality control functions that are performed as part of the line organization’s activities will have surveil-
lances performed by the Quality Assurance organization to confirm that there is sufficient independence 
from the individuals that actually performed the activity. 


Quality-related activities are performed by the various contractor departments and contractors of 
DOE-ID. The DOE-ID contractor is responsible for development of its Quality Assurance Program which 
shall be consistent with the requirements of the QARD. All contractor personnel have the authority to 
stop work pending resolution of any quality problem. If a member of another area disagrees, that individ-
ual is instructed to take the matter to appropriate management. The disagreement may either be resolved 
at this level or at any level up to and including the DOE-ID Office of the Manager. 
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The topics from Section 1.0, Organization, that are implemented from the QARD are: 


1.2  Requirements 


   Requires preparation of controlled documents describing internal and external 
interfaces. 


1.2.1  Line Management 


   Requires identification of responsibilities and authorities of organizations 
responsible for achieving quality. 


1.2.2  Quality Assurance Management 


   Describes appropriate knowledge and experience for those performing the Quality 
Assurance function. 


1.2.3  Responsibility For Quality 


   Assigns responsibility for achieving quality in work and the verification of quality. 


1.2.4  Delegation of Work 


   Discusses the delegation of the execution of the Quality Assurance program and 
maintenance of overall responsibility. 


1.2.5  Resolution of Quality Disputes 


   Process for resolution of quality disputes. 


1.3.3  Other OCRWM Affected Organizations 


   Section "A" and "C" only 


   Describes DOE EM as an agent of OCRWM. Also requires that appropriate 
technical and quality requirements applicable to this scope of work be incorporated 
into the associated work documents. 
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11.2 QUALITY ASSURANCE PROGRAM 


DOE-ID has overall responsibility and program implementation authority for all Quality Assurance 
Program requirements. Quality Assurance Program elements that are implemented and discharged by 
DOE-ID are those identified as Organization, Quality Assurance Program, Implementing Documents, 
Document Control, Corrective Action, Quality Assurance Records, and Audits. Implementation of the 
entire QARD is delegated to the contractor for its scope of work. 


The ISFSI QA Manager has the assigned responsibility for ensuring that required DOE-ID quality assur-
ance program implementing documents are established at the earliest practical time consistent with the 
schedule for accomplishing quality affecting activities. Instructions to DOE-ID personnel for implementa-
tion of quality activities including performance of verification activities are described by implementing 
documents. 


Specific DOE-ID performance and verification activities include, but are not limited to: 


• Reviews and approvals of various DOE-ID and contractor documents 


• Surveillances, assessments, and evaluations of the DOE-ID and contractor's quality as-
surance program 


• Readiness evaluations with the contractor 


• Verification and validation of DOE-ID's personnel training and qualification records. 


Authority for implementing Quality Assurance Program elements applicable to activities related to impor-
tant to safety items is delegated by DOE-ID to the contractor. The contractor may pass functional activi-
ties to approved subcontractors. Overall responsibility for adequate implementation and performance by 
DOE-ID's contractor and its subcontractors is retained by DOE-ID. DOE-ID requires its contractor to 
document its Quality Assurance Program in appropriate descriptions, plans and implementing documents. 


The ISFSI QA Manager and the contractor initiate management assessments of the Quality Assurance 
program. All pertinent correspondence, checklists, and reports related to assessments are placed in the 
Quality Assurance files. 


The graded approach for performing management assessments is commensurate with the risk associated 
with the item or activity affecting quality being assessed. Any identified corrective actions as a result of 
management assessments shall be tracked to completion. 


Delegation of authority for implementation of Quality Assurance Program requirements is accomplished 
through contracts between DOE-ID and its contractor and/or technical direction given by DOE-ID. Con-
tracts and technical direction specify that the applicable QARD requirements are to be established and 
functioning before initiating any activities affected by the contractor's Quality Assurance Program. These 
documents additionally require that the need for special controls, processes, test equipment, tools, and 
skills to attain the required quality and the need for verification of quality by inspection and testing be 
taken into account for the scope of work. 
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Proficiency of personnel performing quality-affecting activities is maintained by training, examination, 
and/or certification. The graded approach is applied to indoctrination and training commensurate with the 
scope, complexity, and nature of the activity. The graded approach is not applied to the qualification and 
certification of inspectors, NDE personnel, and auditors. Specific documentation of completed training 
and qualifications will be described in the implementing documents. Qualified personnel are certified per 
applicable codes and standards. 


Nuclear safety related activities are accomplished under controlled conditions. Preparations for such 
activities include confirmation that prerequisites, identified in the implementing documents, have been 
satisfied. 


The contractor's Quality Assurance Program is monitored by DOE-ID on a continuing basis through 
review, surveillance, and assessment to evaluate its adequacy and to verify compliance with QARD 
requirements. 


The topics from Section 2.0, Quality Assurance Program, that are implemented from the QARD are: 


2.2.1.1  QA Program Documents 


Discusses the role of the Policy Statement, Implementing Documents, and Re-
quirements Matrix in the quality program. 


2.2.2  Classifying Items 


Identifies quality program applicability to systems, structures and components. 


2.2.3 Controlling Activities 


   Identities controls for activities related to quality affecting items. 


2.2.4  Applying QA Controls 


   Describes graded approach application. 


2.2.5  Planning Work 


   Provides planning elements for documentation of work under suitable controlled 
conditions. 


2.2.6  Surveillances 


   Describes quality evaluations for selected work subject to QARD requirements. 


2.2.7  Management Assessment 


   Describes the conduct and criteria for management assessments of Quality 
Assurance program effectiveness 
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2.2.8  Readiness Reviews 


   Identifies the need for and how readiness reviews shall be conducted for major 
work. 


2.2.9 Peer Reviews 


   Identifies the need for peer reviews and how they shall be conducted. 


2.2.10  Document Review 


   Describes the basic review process for technical and quality requirements in 
documents and implementing documents. 


2.2.11  QA Program Information Management 


   Describes how management shall be apprised of Quality Assurance program 
information on a continuing basis. 


2.2.12  Personnel Qualification 


   Describes the established program for the evaluation, selection, indoctrination, 
training, and qualification of personnel performing work subject to the QARD. 


2.2.13  Qualification of Personnel Who Perform Inspection, Nondestructive Examination, Testing 
and Auditing.  


   Describes amplified requirements for personnel performing Quality Assurance 
functions like auditing, inspecting, examining and testing. 
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11.3 DESIGN CONTROL 


The Quality Assurance Program requires procedures and instructions for implementation and assurance of 
design control during the various design phase activities. Design control requirements ensure that designs 
as specified in the license application are correctly defined, controlled, and verified. Appropriate provi-
sions of design control include: 


1. Specifying design inputs 


2. Correct translation of inputs in design documents 


3. Sufficient documentation which entails verification that design outputs relate to design 
inputs 


4. Verification of design by persons other than the originator 


5. Assurance that changes to the design are properly reviewed, controlled, and documented. 


Designs are reviewed to ensure that the design characteristics can be controlled, inspected, and tested. 
Inspection and test criteria are identified. Implementing documents ensure that the design is performed 
per approved criteria which include appropriate regulatory and quality requirements and standards, and 
that deviations and nonconformances are controlled. 


Design control practices provide appropriate attention to design error and deficiency control, design 
changes, technical reviews, control of experimental and developmental activities, qualification of data, 
and modification control. Practices shall be established to include the use of valid industry standards and 
specifications for the selection of suitable materials, parts, equipment and processes for important to 
safety structures, systems, and components. Modifications that affect licensing parameters are evaluated 
per 10 CFR 72.48, "Changes, Tests, and Experiments". 


Provisions are specified for the control of design analyses such as criticality physics, stress, thermal, 
hydraulic, and accident; compatibility of materials; accessibility for in service inspection; maintenance 
and repair; and delineation of acceptance criteria for inspections and tests. 


Revisions of controlled documents, including design documents, are reviewed for adequacy and approved 
for release by the same organization that originally reviewed and approved the documents or by some 
other designated organization that is qualified and knowledgeable. 


Design verification methods include, but are not limited to design reviews, alternate calculations, and 
qualification testing or a combination thereof. When a test program is to be used to verify the adequacy of 
a design, a qualification test of a prototype unit under adverse design conditions shall be used. Independ-
ent design verification is completed before relying on the item to perform its function. Confirmation that 
the correct computer code has been used is part of the design verification. Design verification shall re-
quire a level of skill at least equal to that of the original designer, design checking can be performed by 
less experienced persons. The Design Control activities and their implementing documents are required to 
be in compliance with the requirements of QARD Section 3.0, Design Control. 
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Appropriate design verification implementing documents are established and executed commensurate 
with the importance to safety of the structures, systems, or components and in compliance with require-
ments of QARD Section 3.0, Design Control. 


The graded approach for design verification is a function of importance to safety and the complexity of 
design, the degree of standardization, the state of the art, and the similarity with previous designs. 


When quality related structures, systems, and components are designed or require design modifications, 
controls are applied commensurate with the controls established for the original design, applicable regula-
tory requirements, and health and safety of operating personnel and the general public. 


DOE-ID delegates implementation authority for QARD Section 3.0, Design Control to its contractor. 


DOE-ID monitors its contractor's design control activities, by surveillance and assessment and periodi-
cally reviews the contractor's practices to ensure proper implementation and adequacy. 


DOE-ID's contractor is assigned Design Control responsibility in support of program activities and is 
required to implement and maintain design control/verification practices and/or to delegate these quality 
assurance program requirements to its next lower tier contractor for their implementation. 


The topics from Section 3.0, Design Control, that are implemented from the QARD are: 


3.2.1  Design Input Control 


   Describes criteria that provides for adequate control of design inputs. 


3.2.2  Design Process 


   Describes controls for an adequate design process. 


3.2.3  Design Analyses 


   Describes criteria for adequate design analyses. 


3.2.4  Design Verification 


   Provides additional document review criteria for completed design analyses and 
design output in support of QARD Section 2.2.10, Document Review. 


3.2.5  Design Reviews 


   Describes how design reviews are controlled and performed. 


3.2.6  Alternate Calculations 


   Describes the appropriateness of assumptions and checks required for other 
calculation methods. 
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3.2.7  Qualification Testing 


   Describes criteria for verification of design adequacy. 


3.2.8  Design Change Control 


   Provides criteria for controlling design changes. 


3.2.8.1  Design Interface Control 


   Provides criteria for controlling design interfaces. 
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11.4 PROCUREMENT DOCUMENT CONTROL 


Implementing documents are established and executed to ensure that applicable regulatory and technical 
requirements, design bases, quality assurance program requirements, and other performance requirements 
necessary to ensure adequate quality are included or referenced in documents for procurement of material, 
equipment, and services. These implementing documents clearly identify the sequence of actions to be 
accomplished in the preparation, review, approval, and control of procurement documents. 


These actions include: evaluating qualifications of suppliers; ensuring qualified suppliers remain quali-
fied; accepting purchased items or services and invoking applicable technical, regulatory, administrative, 
and reporting requirements, such as 10 CFR Part 21. 


These implementing documents include provisions for ensuring that documentation for structures, sys-
tems, and components classified as important to safety provide objective evidence that those items con-
form to procurement requirements. Those implementing documents further ensure that inspection, test, 
and acceptance requirements have been used to monitor and evaluate the performance of the supplier and 
are satisfied before these items are placed in service. 


Controls include specifying documents along with their revision level and change status that describe 
selection criteria, determination of suitability for intended use, evaluation, receipt inspection, and dedica-
tion of commercial grade items for use in structures, systems, and components classified as important to 
safety. 


Implementing documents are established and executed to verify that the quality of purchased items and 
services is evaluated at appropriate intervals and to a depth consistent with the items' and services' impor-
tance to safety, complexity, quantity, and frequency of procurement. A review and concurrence of the 
adequacy of quality requirements stated in procurement documents is performed by qualified personnel. 
This review shall determine that: 


1. Quality requirements are correctly stated, inspectable, and controllable 


2. There are adequate acceptance and rejection criteria 


3. The procurement document has been prepared, reviewed, and approved per quality assur-
ance requirements. 


DOE-ID delegates implementation authority for QARD Section 4.0, Procurement Document Control to 
its contractor. 


The graded approach for applying Quality Assurance Program requirements on suppliers depends on type 
and end-use of the item or activity affecting quality being procured. 


DOE-ID monitors its contractor's procurement document control practices that support program activities, 
or, by surveillance and assessment, periodically reviews its contractor's practices to ensure their proper 
implementation and adequacy. 
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The topics from Section 4.0, Procurement Document Control, that are implemented from the QARD are: 


4.2.1  Procurement Document Preparation 


   Describes necessary provisions for issued procurement documents. 


4.2.2  Procurement Document Review and Approval 


   Provides additional document review criteria in support of QARD Section 2.2.10, 
Document Review for procurement document review and approval. 


4.2.3  Procurement Document Change 


   Describes change controls imposed on procurement documents of items and 
services that affect quality. 
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11.5 IMPLEMENTING DOCUMENTS 


Implementing documents are instructions, procedures, drawings and other documents that prescribe an 
approved process for accomplishing work in compliance with Quality Assurance Program requirements. 
Activities affecting quality are prescribed and accomplished per documented implementing documents. 
Implementing document requirements ensure that work is prescribed by, and performed per written 
implementing documents. Methods for complying with each of the applicable Quality Assurance re-
quirements are specified in the implementing documents. The graded approach for the direction of work 
processes, in the form of instructions, procedures, and drawings is commensurate with risk, complexity, 
and importance of the work. Document Control requirements provide guidance for the review, approval, 
and control of implementing documents. 


Provisions are established which clearly delineate the sequence of actions to be accomplished in the 
preparation, review, approval, and control of implementing documents. 


Contractor QA, as part of a multi-disciplined review team, reviews and concurs with inspection plans; 
test, calibration, and special processes; procedures; drawings and specifications; and their associated 
changes. 


DOE-ID has a procedural control system for its implementing documents which assigns responsibility 
and provides instructions for preparation, review, approval, release, issuance, distribution, and control of 
changes to implementing documents. 


The ISFSI QA Manager participates in and monitors program execution of these implementing docu-
ments related to program quality affecting activities. Periodically the ISFSI QA Manager performs sur-
veillance or arranges for an independent assessment of DOE-ID Quality Assurance Program practices to 
document their level of implementation and adequacy. 


DOE-ID monitors its contractor's procedural practices related to implementing documents, and, by sur-
veillance or assessments, periodically reviews its contractor's practices to document their level of imple-
mentation and adequacy. 


DOE-ID's contractor is assigned the authority for performing work activities affecting quality in support 
of program activities and is required to establish and implement a practice of prescribing those activities 
per documented instructions, implementing documents, and drawings. 


The topics from Section 5.0, Implementing Documents, that are implemented from the QARD are: 


5.2  Requirements 


   Specifies that work done per the QARD shall be performed per controlled 
implementing documents. 


5.2.1  Types of Implementing Documents 


   Describes the type of document to be used to perform work per the QARD and what 
they include. 
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5.2.2  Content of Implementing Documents 


   Describes the information that implementing documents shall contain. 


5.2.3  Review and Approval of Implementing Documents 


   Requires that implementing documents shall be reviewed and approved per QARD 
Section 6.0 Document Control. 


5.2.4  Compliance With Implementing Documents 


   Requires individuals to comply with QARD requirements and describes what to do 
when work can not be completed per QARD requirements. 
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11.6 DOCUMENT CONTROL 


Document control requirements ensure that the preparation and issuance of documents including changes 
thereto, are reviewed for adequacy, approved for release, and distributed to and used at the location where 
the work is being performed. The document control system provides for identification, preparation, 
review, approval and distribution of documents in a graded manner. The review, approval, distribution 
and issue of documents and changes thereto, shall be procedurally controlled to ensure that documents are 
adequate and that Quality Assurance Program requirements are stated. Implementing documents and 
documents that specify technical and/or quality assurance requirements are controlled per requirements of 
the Quality Assurance Program. 


The controlled documents include but are not limited to: 


a. Design specifications 


b. Design and fabrication drawings 


c. Procurement documents 


d. Quality Assurance Program manuals 


e. Design criteria documents 


f. Fabrication, inspection, and testing instructions 


g. Test procedures. 


Implementing documents provide program guidance, technical and/or quality assurance requirements, or 
prescribe work processes that ensure proper execution of Quality Assurance Program activities. Compli-
ance with the Quality Assurance Program's document control implementing documents ensures that the 
designated document holder and user of these implementing documents have the latest up-to-date infor-
mation and data available which define technical and quality assurance requirements. 


Distribution of new and/or revised controlled documents is in accordance with work processes that are 
established, approved, and documented in the Quality Assurance Program's implementing documents. 
Provisions shall be established which identify those individuals or groups responsible for reviewing, 
approving, and issuing documents and revisions thereto. Approved changes shall be included in imple-
menting documents prior to the implementation of the change. 


A master list (either hard-copy or electronic) shall be established and identify the current revision number 
of procedures, specifications, and drawings. This list shall be updated and distributed to pre-determined 
responsible personnel to preclude the use of superseded documents. 


DOE-ID monitors its contractor's procedural practices related to document control, and, by surveillance or 
assessments, periodically reviews its contractor's practices to document their level of implementation and 
adequacy. 
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DOE-ID's contractor has established and implemented document control practices through their Quality 
Assurance Program and its associated implementing documents which are responsive to this Quality 
Assurance program. 


The topics from Section 6.0, Document Control, that are implemented from the QARD are: 


6.2.1  Types of Documents 


   Requires that implementing documents and documents that specify technical and 
quality requirements be controlled per this section. 


6.2.2  Preparing Documents 


   Requires assignment for preparation and maintenance of documents to appropriate 
organizations. 


6.2.3  Reviewing Documents 


   Requires that documents shall be reviewed per QARD Section 2.2.10, Document 
Review. 


6.2.4  Approving Documents 


   Requires identification of the position which has approval authority for documents. 


6.2.5  Distribution and Use of Documents 


   Provides criteria for distribution and use of documents. 


6.2.6  Changes To Documents 


   Provides criteria governing changes to documents. 


6.2.7  Expedited Changes 


   Provides criteria for initiating changes at the work location by responsible 
management. 


6.2.8  Editorial Corrections 


   Describes the criteria for editorial changes to documents. 
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11.7 CONTROL OF PURCHASED ITEMS AND SERVICES 


Control of purchased items and services requirements provide for planning and executing procurements 
assuring that purchased items and services meet specified requirements. Technical and quality assurance 
requirements specified in these documents are verified and incorporated into the program prior to starting 
work subject to the requirements of the Quality Assurance Program. 


Qualified personnel evaluate the supplier's capability to provide acceptable quality services and products 
before the award of the procurement order or contract. The contractor's quality assurance, requesting 
organization and technical support as required participate in the evaluation of those suppliers providing 
important to safety items and services and the responsibilities for each group's participation are provided. 


The evaluation of suppliers is based on one or more of the following: 


a. The supplier’s capability to comply with the elements of the quality assurance criteria that are 
applicable to the type of material, equipment, and service being procured 


b. A review of previous records and performance of suppliers who have provided similar arti-
cles of the type being procured 


c. A survey of the supplier's facilities and quality assurance program to determine the capability 
to supply a product that meets the design, manufacturing, and quality requirements. 


The results of supplier evaluations are documented and filed. Supplier's certificates of conformance are 
periodically evaluated by audits, independent inspections, or tests to ensure they are valid. 


Receiving inspection of the supplier-furnished material, equipment, and services is performed to ensure 
that items accepted and released are identified as to their inspection status prior to forwarding them to a 
controlled storage area or releasing them for installation or for further work. 


Surveillance of suppliers during fabrication, inspection, testing, and shipment of materials, equipment, 
and components shall be planned and performed per written procedures to ensure conformance to the 
purchase order requirements. These procedures provide for: (a) instructions that specify the characteristics 
or processes to be witnessed, inspected, or verified, and accepted; the method of surveillance and the 
extent of documentation required; and those responsible for implementing these instructions, and, (b) 
assessments and surveillance which ensure that the supplier complies with the Quality Assurance Pro-
gram requirements. Surveillance shall be performed on those items where verification of procurement 
requirements cannot be determined upon receipt. That verification documentation shall be available for 
the life of the NRC issued operating license for the operation of the ISFSI. 


The supplier furnishes the following records as a minimum to the purchaser: 


a. Documentation that identifies the purchased material or equipment and the specific procure-
ment requirements (e.g., codes, standards, and specifications) met by the items 


b. Documentation that identifies any procurement requirements which have not been met to-
gether with a description of those nonconformances dispositioned "accept as is" or "repair". 
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Items accepted and released are identified as to their inspection status prior to forwarding them to a 
controlled storage areas or releasing them for installation or further work. 


The graded approach for verification of supplier activities, the selection of suppliers, and amount of 
supplier documentation, including planning is applied based on the relative importance, complexity, and 
quantity of the item or activity being procured. 


DOE-ID delegates implementation authority for QARD Section 7.0, Control of Purchased Items and 
Services, to its contractor. 


DOE-ID monitors its contractor's control of purchased items and services practices in support of program 
activities, and, by surveillance and assessments, periodically reviews its contractor's practices to docu-
ment their level of implementation and adequacy. 


DOE-ID's contractor is assigned authority for implementing QARD Section 7.0, Control of Purchased 
Items and Services, for procurement of items (structures, components and systems) and services in sup-
port of program activities and is required to establish and implement a system for control of the procure-
ment activity that is responsive to the requirements of the QARD. It is required that supplier Quality 
Assurance Programs be reviewed and accepted before initiation of program activities affecting quality. 


The topics from Section 7.0, Control of Purchased Items and Services, that are implemented from the QARD 
are: 


7.2.1  Procurement Planning 


   Describes criteria for adequate procurement planning and documentation. 


7.2.2  Source Evaluation and Selection 


   Provides criteria for determining supplier selection and supplier capability in 
providing items and services that affect quality. 


7.2.3  Proposal/Bid Evaluation 


   Provides criteria for the proposal/bid evaluation process and who shall participate in 
that evaluation. 


7.2.4  Supplier Performance Evaluation 


   Provides criteria for interfacing with suppliers and verifying their performance. 


7.2.5  Control of Supplier Generated Documents 


   Establishes criteria for controlling, processing and accepting procurement 
documents. 
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7.2.6  Acceptance of Items and Services 


   Provides criteria for objective evidence used in the acceptance of procured items 
and services. 


7.2.7  Certificate of Conformance 


   Provides criteria for when a Certificate of Conformance is used for acceptance of an 
item or service. 


7.2.8  Source Verification 


   Provides criteria where various methods of source verification may be used. 
Includes description of the process involved to control and personnel qualifications 
for source verification. 


7.2.9  Receiving Inspection 


   Establishes the criteria for when receiving inspection is used to accept an item. 


7.2.10  Post-installation Testing 


   Establishes that QARD Section 11, Test Control and that post-installation testing 
criteria are mutually established by purchaser and supplier. 


7.2.11  Control of Supplier Nonconformances 


   Establishes requirements for both purchaser and supplier to document the process 
for disposition of items that do not meet procurement document requirements. 


7.2.11.1  Commercial Grade Items 


Establishes an acceptable alternative for commercial grade items when and where 
specified by the design. 
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11.8 IDENTIFICATION AND CONTROL OF ITEMS 


Consistent with the importance to safety, implementing documents shall be established and implemented 
to identify and control materials, parts, and components including partially fabricated sub-assemblies to 
ensure that only correct and accepted items are used and installed. 


Identification requirements are determined during generation of specifications and design drawings. 
Correct identification of materials, parts, and components is verified and documented prior to release for 
fabrication, assembly, shipment, and installation. 


The graded approach for identification and control of items, and traceability requirements are specified in 
applicable codes, standards, or specifications. 


DOE-ID delegates implementation authority for QARD Section 8.0, Identification and Control of Items, 
to its contractor. 


DOE-ID monitors its contractor's identification and control of item practices and, by surveillance and 
assessments, periodically reviews its contractor's practices to ensure proper implementation and ade-
quacy. 


DOE-ID's contractor is assigned responsibility for implementing QARD Section 8.0, Identification and 
Control of Items, for items which support program activities and is required to establish and implement 
identification and control practices that are responsive to the requirements of the Quality Assurance 
Program. 


The topics from Section 8.0, Identification and Control of Items, that are implemented from the QARD are: 


8.2.1  Identification 


   Establishes the requirements for maintenance of identification of items. 


8.2.2  Physical Markings 


   Establishes physical marking requirements for item identification. 


8.2.3  Traceability 


   Provides requirements for the established and maintenance of traceability criteria to 
items. 


8.2.4  Conditional Requirements 


   Establishes controls for item identification to be specified in specifications. 
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11.9 CONTROL OF SPECIAL PROCESSES 


Implementing documents are established and implemented to control special processes such as welding, 
heat treating, and nondestructive examination. Implementing documents are used to ensure that process 
parameters are controlled and that the specified environmental conditions are maintained. 


Special processes are accomplished by qualified personnel using qualified implementing procedures and 
equipment per applicable codes, standards, specifications or other special program requirements. The 
graded approach is not applicable for special processes. Special processes are performed by qualified 
personnel and accomplished per written process sheets or equivalent, with recorded evidence of verifica-
tion per Quality Assurance Program requirements. Qualification records of procedures, equipment, and 
personnel associated with special processes shall be established, filed, and kept current. 


DOE-ID delegates implementation authority for QARD Section 9.0, Control of Special Processes, to its 
contractor. 


DOE-ID monitors its contractor's special processes control practices related to program activities, and, by 
surveillance and assessments, periodically reviews its contractor's practices to ensure proper implementa-
tion and adequacy. 


DOE-ID's contractor is assigned responsibilities for implementing QARD Section 9.0, Control of Special 
Processes, for activities where special processes in support of program activities are involved, and is 
required to establish and implement practices to ensure adequate performance and control of production 
special processes. DOE-ID’s contractor's special process controls shall be responsive to the requirements 
of the QARD. 


The topics from Section 9.0, Control of Special Processes, that are implemented from the QARD are: 


9.2.1  Special Processes 


   Establishes requirements for control and verification of quality for special processes. 


9.2.2  Personnel, Implementing Documents, and Equipment Qualifications 


   Establishes requirements that process parameters are controlled and environmental 
conditions are maintained. 


9.2.3  Qualification of Nondestructive Examination Personnel 


   Establishes the requirements for the control and administration of training, 
examination, and certification of nondestructive examination personnel. 
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11.10 INSPECTION 


The inspection program's implementing documents shall be established and implemented to describe the 
planning (performance and documentation) and execution of inspections. These inspections shall verify 
conformance of quality affecting activities with requirements. The inspection program shall be estab-
lished, documented, and accomplished per written, controlled procedures. 


Implementing documents address inspection planning, acceptance criteria, inspection techniques to be 
applied, establishment of hold points, documentation of inspection results, and actions to be taken when 
acceptance criteria are not met. Inspection implementing documents address source, in-process, final, 
receipt, maintenance, modification, operations, and eventually, decommissioning activities. Inspections 
are conducted by certified personnel who are independent of the inspected activity. Inspection results are 
documented by the inspector and reviewed by the cognizant quality assurance organization. 


Inspection practices identify and verify conformance of items and services with the documented specifi-
cations, instructions, implementing documents and drawings for accomplishing the required activities. 
Documented inspection practices shall be responsive to the requirements of the Quality Assurance Pro-
gram. Inspection personnel shall be sufficiently independent from the individuals performing the activity 
being inspected. 


Inspection procedures, instructions, and checklists shall provide for the following: 


a. Identification of characteristics and activities to be inspected 


b. Identification of the individuals or groups responsible for performing the inspection operation 


c. Acceptance and rejection criteria 


d. A description of the method of inspection 


e. Recording evidence of completing and verifying a manufacturing, inspection, or test opera-
tion 


f. Recording inspector or data recorder and the results of the inspection operation. 


The graded approach for inspection, verification and documentation is applied based on the importance or 
complexity of the item or activity affecting quality being inspected or tested. Modifications, repairs, and 
replacements are inspected per the original design and inspection requirements or acceptable alternatives. 


The individuals or groups who perform receiving and process verification inspections are identified and 
shown to have sufficient independence and qualifications. 


DOE-ID delegates implementation authority for direct inspection of items and work practices per QARD 
Section 10.0, Inspection, to its contractor. 
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DOE-ID monitors its contractor's inspection practices associated with program activities, and, by surveil-
lance and assessments, periodically reviews its contractor's practices to ensure proper implementation and 
adequacy. 


DOE-ID's contractor is assigned responsibility for performing procurement, manufacturing, fabrication 
and assembly, testing, constructing, and operational activities in support of program activities, and, is 
required to establish and implement inspection practices of sufficient scope to be fully effective. 


The topics from Section 10.0, Inspection, that are implemented from the QARD are: 


10.2.1  Inspection Planning 


   Establishes requirements for performing and documenting inspection planning. 


10.2.2  Selecting Inspection Personnel To Perform Inspections 


   Establishes qualification requirements for inspection personnel. 


10.2.3  Inspection Hold Points 


   Establishes criteria for mandatory hold points to control work. 


10.2.4  Statistical Sampling 


   Requires that statistical sampling shall be based on recognized standard practices. 


10.2.5  In-Process Inspections and Monitoring 


   Establish criteria for in-process inspection of items to verify quality. These criteria 
include those necessary for coordination and sequencing of work at established 
inspection points. 


10.2.6  Final Inspection 


   Establishes criteria for final inspection of items. 


10.2.7  Accepting Items 


   Establishes criteria for acceptance of items. QARD Section 14.0, Inspection, Test, 
and Operating Status governs the item's inspection status. 


10.2.8  Inspection Documentation 


   Provides criteria that govern contents of inspection documentation. 
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10.2.9  Qualifications of Inspection and Test Personnel 


   Provides guidance for qualification, determination of initial capabilities, 
indoctrination and training of inspection and test personnel, and functional 
qualification levels and associated documentation. 
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11.11 TEST CONTROL 


Written and controlled procedures are established and executed to verify conformance to specified re-
quirements and demonstrate that items provide satisfactory performance. These procedures contain: 


a. Instructions and prerequisites to perform the test 


b. Use of proper test equipment 


c. Acceptance criteria 


d. Mandatory witness and hold point inspections 


e. Other specified technical and/or quality assurance requirements. 


Written test procedures incorporate and reference: 


a. The requirements and acceptance limits contained in applicable design and procurement 
documents 


b. Instructions for performing the test 


c. Test prerequisites 


d. Mandatory inspection hold points 


e. Acceptance and rejection criteria 


f. Methods of documenting or recording test data results. 


Test results shall be documented, evaluated, and their acceptability determined by a qualified, responsible 
individual or group. When practicable, testing will test the structure, system, or component under condi-
tions which will be present during normal and anticipated off-normal operations. 


DOE-ID delegates implementation authority for QARD Section 11.0, Test Control, to its contractor. 


DOE-ID monitors its contractor's testing and test control practices related to program activities, and, by 
surveillance and assessments, periodically reviews its contractor's practices to ensure proper implementa-
tion and adequacy. 


DOE-ID's contractor is assigned responsibilities for documenting, evaluating, and determining test result 
acceptability in support of program activities, and is required to establish, as applicable, proof tests, pre-
operational tests, product certification tests, and other testing activities that are responsive to the require-
ments of the QARD. 


The topics from Section 11.0, Test Control, that are implemented from the QARD are: 
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11.2.1  Test Planning 


   Establishes criteria for effective test planning. 


11.2.2  Performing Tests 


   Establishes criteria that implementing documents shall address for tests. 


11.2.3  Use of Other Testing Documents 


   Establishes criteria for incorporation of test information directly from testing 
documents into the testing implementation documents. 


11.2.4  Test Results 


   Establishes criteria for documentation and evaluation of test results. 


11.2.5  Test Documentation 


   Establishes criteria for contents of test documentation. 


11.2.6  Qualification of Test Personnel 


   Establishes criteria that test personnel shall be qualified per QARD Section 10, 
Inspection. 
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11.12 CONTROL OF MEASURING AND TEST EQUIPMENT 


Implementing documents are established and executed to ensure that appropriate tools, gauges, instru-
ments, and other measuring and testing devices used in activities which have quality assurance require-
ments or health and safety considerations are properly controlled, calibrated, adjusted, and maintained at 
specified intervals. The graded approach is not applicable for measuring and test equipment used for 
activities affecting quality. 


Provisions, contained in procedures, describe the calibration technique and frequency, maintenance, and 
control of the measuring and test equipment (instruments, tools, gages, fixtures, reference and transfer 
standards, and nondestructive test equipment) which is used in the measurements, inspection, and moni-
toring of important to safety structures, systems, and components. 


These implementing documents shall maintain equipment accuracy within necessary limits and maintain 
traceability to National Institute of Standards and Technology (NIST) or other known standards. 


Calibration standards have an uncertainty requirement of no more than 1/4th of the tolerance of the 
equipment being calibrated. A greater uncertainty may be acceptable when limited by the "state-of-the-
art". 


The complete status of all items under the calibration system shall be documented and maintained. 


DOE-ID delegates implementation authority for QARD Section 12.0, Control of Measuring and Test 
Equipment, to its contractor. 


DOE-ID monitors its contractor's measuring and test equipment control practices related to program 
activities, and, by surveillance and assessments, periodically reviews its contractor's practices to ensure 
proper implementation and adequacy. 


DOE-ID's contractor is assigned responsibility for performing inspections, examinations, or tests which 
support program activities, and is required to establish and implement a system of calibration and control 
of measuring and test equipment that is responsive to the requirements of the QARD.  


The topics from Section 12.0, Control of Measuring and Test Equipment, that are implemented from the 
QARD are: 


12.2.1  Calibration 


   Provides criteria for calibration, adjustment and maintenance of measuring and test 
equipment. 


12.2.2  Documenting the Use of Measuring and Test Equipment 


   Requires that use of M&TE be documented. 
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12.2.3  Out-of-Calibration Measuring and Test Equipment 


   Provides criteria for when MT&E shall be considered as out-of-calibration. 


12.2.4  Lost Measuring and Test Equipment 


   Provides criteria for lost M&TE. 


12.2.5  Handling and Storage 


   M&TE shall be properly handled and stored to maintain accuracy. 


12.2.6  Commercial Devices 


   Provides criteria for rulers, tape measures, levels, and other commercial equipment. 


12.2.7  Measuring and Test Equipment Documentation 


   Provide criteria for M&TE documentation information. 
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11.13 HANDLING, STORAGE, AND SHIPPING 


Consistent with an item's or activity's importance to safety, procedures are established and executed to 
control handling, storage, shipping, cleaning, packaging, and preservation of material and equipment shall 
be accomplished by qualified individuals to prevent damage or loss, and to minimize deterioration. 


Procedures shall be prepared which control the cleaning, handling, storage, packaging, shipping, and 
preservation of materials, components, and systems per design and specification requirements to preclude 
damage, loss, or deterioration by environmental conditions such as temperature or humidity. 


Application of the graded approach for handling, storage, and shipping of items is specified in work and 
inspection instructions, and depends on how critical, sensitive, perishable, or high-value the item is. 


DOE-ID delegates implementation authority for QARD Section 13.0, Handling, Storage, and Shipping, to 
its contractor. 


DOE-ID monitors its contractor's handling, storage, and shipping practices related to program activities, 
and, by surveillance and assessments, periodically reviews its contractor's practices to ensure implementa-
tion and adequacy. 


DOE-ID's contractor is assigned the authority to develop special handling, preservation, storage, cleaning, 
packaging, and shipping practices which support program activities, and is required to establish and 
execute implementing procedures which control the cleaning, handling, storage, packaging, shipping, and 
preservation of materials, components, and systems per design and specification requirements which 
preclude damage, loss, or deterioration by environmental conditions. These practices shall be responsive 
to the requirements of the QARD. 


The topics from Section 13.0, Handling, Storage, and Shipping, that are implemented from the QARD are: 


13.2.1  Controls 


   Provides criteria for handling, storage, cleaning, packaging, shipping, and 
preservation of items. 


13.2.2  Special Equipment, Tools, and Environments 


   Provides criteria for special equipment and protective environments for particular 
items. 


13.2.3  Marking and Labeling 


   Provides criteria for establishment of marking and labeling for packaging, shipping, 
handling and storage of items. 
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11.14 INSPECTION, TEST, AND OPERATING STATUS 


Implementing documents are established and executed to identify the inspection, test, and operating status 
of items. The Quality Assurance Program has provisions to ensure that inspection, test, and operating 
status is verified before release, fabrication, installation, test, and use of items to preclude inadvertent 
bypassing of inspections and tests and to prevent accidental operation. Application and removal of status 
indicators, welding stamps, and other tags, markings, and labels shall be procedurally controlled. 


The graded approach is not applicable for inspection, test and operating status. The status is identified 
either on the item or on documents to ensure the inspections and tests have been performed, and to ensure 
items are not inadvertently installed, used, or operated. 


Bypassing of inspections, tests, and other critical operations shall be procedurally controlled under the 
cognizance of the contractor's quality assurance organization. 


DOE-ID delegates implementation authority for QARD Section 14.0, Inspection, Test and Operating 
Status, to its contractor. 


DOE-ID monitors its contractor's practices related to program activities for indicating inspection, test, and 
operating status, and, by surveillance and assessments, periodically reviews its contractor's practices to 
ensure implementation and adequacy. 


DOE-ID's contractor is assigned authority for: (1) developing practices that identify the inspection and 
test status of structures, systems, and components throughout their fabrication; (2) documenting bypassed 
inspections, tests, and other critical processes that are under the purview of the Quality Assurance Pro-
gram; (3) identifying the organization responsible for documenting and identifying the status of noncon-
forming, inoperative, or malfunctioning structures, components, and systems which support program 
activities; and (4) establishing and implementing those practices to be responsive to the requirements of 
the QARD. 


The topics from Section 14.0, Inspection, Test and Operating Status, that are implemented from the QARD 
are: 


14.2.1  Identifying Items 


   Provides criteria for identification of items passing or not passing required 
inspections and tests. 


14.2.2  Indicating Status 


   Provides criteria for indicating status of required inspections and tests and authority 
of application and removal of status indicators. 
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11.15 NONCONFORMANCES 


Nonconformance requirements shall establish control of items (material, components, and systems) that 
do not conform to requirements in order to prevent their inadvertent installation or use through written 
documents. The identification, documentation, tracking, segregation, review, disposition, and notification 
to affected organizations of nonconforming material, components, systems, services, or activities shall be 
procedurally controlled to prevent inadvertent test, installation, or use. 


A corrective action system is established and executed which promotes a "no fault" attitude toward identi-
fication of conditions that are adverse to quality. Nonconforming items must be reviewed and accepted, 
rejected, repaired, or re-worked per implementing documents. 


Documentation shall: 


a. Identify the nonconforming item 


b. Describe the nonconformance, the disposition of the nonconformance, and the inspection re-
quirements 


c. Includes signature approval for the disposition. 


Provisions shall be established identifying those individuals or groups delegated the responsibility and 
authority for the disposition and the close out of nonconformances. 


The graded approach is not applicable for the identification and control of nonconforming items. All 
items that do not conform to the quality requirements shall be controlled to prevent their inadvertent 
installation or use. Nonconforming items shall be segregated from acceptable items and identified as 
discrepant until properly dispositioned and closed out. 


Dispositions to nonconformances shall identify materials, components, and systems to be used-as-is, 
rejected, or re-worked. Dispositioned nonconformance reports shall be made part of the quality records. 


Acceptability of re-work or repair of materials, parts, components, systems, and structures shall be veri-
fied by re-inspecting and re-testing the item as originally inspected and tested or by a method which is at 
least equal to the original inspection and testing method. Inspection, testing, re-work, and repair proce-
dures shall be documented. 


Nonconformance documentation is analyzed to identify adverse trends in the performance of the Quality 
Assurance Program. Results of these analyses are reported to DOE-ID's, and its contractor's, senior man-
agement. 


DOE-ID also retains authority to identify and require that DOE-ID and contractor identified nonconfor-
mances be entered into its contractor's nonconformance control system. 


DOE-ID monitors its contractor's nonconformance control practices related to program activity, and, by 
surveillance and assessments, periodically reviews its contractor's nonconformance practices to ensure 
implementation and adequacy. 
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DOE-ID delegates implementation authority to its contractor for developing procedurally controlled 
practices that identify, document, track, segregate, review, disposition, and notify affected organizations 
of nonconforming materials, components, and systems, and is required to establish and implement those 
practices for the control of nonconforming materials, components, and systems in support of program 
activities. These practices shall be responsive to the requirements of the QARD. 


The topics from Section 15.0, Nonconformances, that are implemented from the QARD are: 


15.2.1  Documenting and Evaluating Nonconforming Items 


   Provides criteria for nonconformance identification and describing nonconforming 
characteristics of an item. Corrective action criteria used for evaluation use the 
requirements of QARD Section 16.0, Corrective Action. 


15.2.2  Identifying Nonconforming Items 


   Provides criteria for identification of nonconforming items through marking, 
tagging or other means. 


15.2.3  Segregating Nonconforming Items 


   Provides criteria for segregation of nonconforming items to prevent inadvertent use. 


15.2.4  Disposition of Nonconforming Items 


   Provides criteria of the use of "use-as-is", "reject", "repair", or "rework" dispositions 
for nonconforming items.  


15.2.5  Quality Trending 


   Requires that nonconforming documentation shall be periodically analyzed to 
identify quality trends per QARD Section 16.0, Corrective Action. 


 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 11.16-1 


 


  


11.16 CORRECTIVE ACTION 


The corrective action system elements consist of prompt identification, documentation, classification, 
cause analysis, correction of condition, elimination of root cause factors for significant conditions, and 
follow-up activities. All conditions adverse to quality shall be promptly identified and corrected. 


Procedures have been established and implemented for the identification and correction of conditions 
adverse to quality including the causes of significant conditions adverse to quality identified through 
internal DOE-ID surveillance and assessments or external surveillance and assessments performed on the 
program. Procedural instructions and policy guidance provide criteria for determining the existence of 
significant conditions adverse to quality. The ISFSI QA Manager provides follow-up to verify timely and 
proper implementation of corrective action. 


Corrective action is required for conditions adverse to quality such as failures, nonconformances, mal-
functions, deficiencies, deviations, and defective material, components or systems. Significant conditions 
adverse to quality identified by DOE-ID overview or assessments of the contractor's activities requires 
corrective action by the DOE-ID contractor and DOE-ID's review and approval prior to the corrective 
action's implementation. Corrective action to preclude recurrence of a nonconforming condition is com-
mensurate with the item's importance. 


Corrective action documentation is provided to appropriate DOE-ID and its contractor's management, and 
requires appropriate quality assurance organizational concurrence with proposed actions. 


DOE-ID monitors its contractor's corrective action systems related to program activities, and, by surveil-
lance and assessments, periodically reviews its contractor's systems to ensure implementation and ade-
quacy. 


DOE-ID's contractor is required to establish and implement a corrective action system which supports 
program activities and is responsive to the requirements of the Quality Assurance Program. Quality 
information is promptly analyzed and examined for adverse quality trends. Trend analysis identifies 
adverse quality trends. 


Quality trends and results of remedial actions are reported to the ISFSI QA Manager who is responsible 
for corrective action tracking and providing appropriate DOE-ID upper management appraisal. 


DOE-ID's contractor collects key information from program assessments, surveillance, and assessments 
reports. Analysis is performed to ensure prompt identification of adverse quality trends. Evaluations are 
performed to determine systemic root cause(s) and determine if a course of action for correction is re-
quired. 


The topics from Section 16.0, Corrective Action, that are implemented from the QARD are: 


16.2.1  Identifying Conditions Adverse To Quality 


   Provides criteria for identification of conditions adverse to quality. 
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16.2.2  Classification of Conditions Adverse To Quality 


   Provides classification criteria for conditions adverse to quality 


16.2.3  Conditions Adverse To Quality 


   Provides criteria for documenting and reporting to appropriate levels of 
management conditions adverse to quality. 


16.2.4  Significant Conditions Adverse To Quality 


   Provides criteria for determining, evaluating, investigating, and concurring of 
proposed remedial actions for significant conditions adverse to quality. 


16.2.5  Follow-up and Closure Action 


   Requires Quality Assurance verify implementation of corrective actions and closed 
related corrective action documentation when complete. 


16.2.6  Quality Trending 


   Provides criteria for determining adverse quality trends and the manner in which 
trend evaluation shall be conducted. 
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11.17 QUALITY ASSURANCE RECORDS 


Quality Assurance records requirements ensure that Quality Assurance records are specified, prepared, 
maintained and retrievable. As identified in the implementing documents Quality Assurance records are 
classified as lifetime of the facility license or as nonpermanent. The graded approach for Quality Assur-
ance Records is as specified in design documents, procurement documents, test procedures, and opera-
tional procedures. To aid in minimizing the retention of unnecessary records, the records program shall 
list records to be retained by "type of data" rather than by record title. 


Implementing documents control records that document: design, design review and peer review reports, 
engineering, procurement, manufacturing, construction, inspections, tests, installation, pre-operation, 
start-up, operations, maintenance, modification, decommissioning, audits, manufacturer's records, proof, 
receipt, training and qualification records of personnel, procedures and equipment, operating logs, results 
of reviews, assessments, material analyses, monitoring of work performance, calibration procedures and 
reports, nonconformance reports and corrective action reports. 


Implementing documents are established and executed to ensure that sufficient records of structures, 
components, systems and activities are generated and maintained to reflect completed work. These im-
plementing documents provide for the administration, receipt, retrieval, and disposition of Quality Assur-
ance records. All Quality Assurance records are retained in storage, and are identified and retrievable. 
DOE-ID delegates to its contractor the maintenance and control of the records storage facilities per the 
requirements of the QARD for the life of the ISFSI. 


Established implementing documents assign responsibility for storage, filing system, transmittal verifica-
tion, record access, retrieval and removal, filing supplemental information and for the disposition of 
superseded records.  


DOE-ID monitors its contractor's records' practices related to program activities, and by surveillance and 
assessments, periodically reviews its contractor's practices to ensure implementation and adequacy. 


Quality Assurance records generated by DOE-ID will be maintained in accordance with the QA program. 


DOE-ID's contractor is assigned authority for performing work activities, and is required to establish and 
implement a practice of specifying, preparing, and maintaining records in a manner that is responsive to 
the requirements of the QARD. 


The topics from Section 17.0, Quality Assurance Records, that are implemented from the QARD are: 


17.2.1  Classifying Quality Assurance Records 


   Provides criteria for classification of quality assurance records 


17.2.2  Creating Valid Quality Assurance Records 


   Provides criteria for identification, creation, handling, and validating of quality 
assurance records.  
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17.2.3  Receiving and Indexing Quality Assurance Records 


   Provides criteria for establishment of a receipt control system for quality assurance 
records. 


17.2.4  Correcting Information in Quality Assurance Records 


   Provides criteria for correction and approval of information changes to quality 
assurance records 


17.2.5  Storing and Preserving Quality Assurance Records 


   Provides criteria for storing and preserving methods for quality assurance records in 
predetermined storage facilities 


17.2.6  Retrieval of Quality Assurance Records 


   Provides for planned retrieval time of quality assurance records and provides criteria 
for controlling access to storage facilities 


17.2.7  Retention of Quality Assurance Records 


   Establishes criteria for retention and preservation of quality assurance records. 
Provides criteria for disposal of nonpermanent quality assurance records 


17.2.8  Turnover of Quality Assurance Records 


   Section "A" only 


   Provides criteria for temporarily stored quality assurance records subject to records 
turnover requirements 


17.2.11  Temporary Storage Facility 


   Provides criteria for temporary storage of quality assurance records during 
processing, review, or use until turnover to DOE-RW for disposition.  


17.2.12  Replacement of Quality Assurance Records 


Provides criteria for replacement, restoration, or substitution of lost or damaged 
quality assurance records 
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11.18 AUDITS 


Quality Assurance audits are to be performed by the contractor in accordance with their DOE-ID ap-
proved Quality Assurance Program. DOE-ID retains responsibility for the development and implementa-
tion of an audit plan which will evaluate the performance of the contractor as well as the adequacy of 
DOE-ID’s oversight of the contractor.  


DOE-ID Quality Assurance audits and surveillances conducted under the direction of the ISFSI QA 
Manager will be planned, performed, and reported by trained and qualified personnel in accordance with 
implementing procedures. All audits of the contractor related to NRC regulated activities will be lead by 
and Audit Team Leader who is not an employee of the contractor or parent organizations. Subjects for 
Quality Assurance audits and surveillances shall include, but not be limited to: 


• Compliance, implementation, and effectiveness of the DOE-ID and contractor’s Quality Assurance 
programs, 


• Compliance with the 10 CFR Part 21 reporting requirements, 


• Personnel training, and 


• The managerial and administrative controls used to ensure safe operation of the ISF Facility ISFSI. 


Regularly scheduled audits are supplemented by special audits when conditions which warrant special 
audits exist or when requested by DOE-ID management.  


DOE-ID's contractor has established and executed implementing documents to confirm that activities 
affecting quality comply with the Quality Assurance Program and that they have been effectively exe-
cuted and responsive to the requirements of the Quality Assurance Program. 


DOE-ID monitors its contractor's records practices related to audits, and by surveillance and assessments, 
periodically reviews its contractor's practices to ensure implementation and adequacy. 


The topics from Section 18.0, Audits, that are implemented from the QARD are: 


18.2.1  Scheduling Internal Audits 


   Provides criteria for scheduling internal quality audits. 


18.2.2  Scheduling External Audits 


   Provides criteria for scheduling external quality assurance audits. 


18.2.3  Audit Schedule 


   Provides criteria for development of an audit schedule. 
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18.2.4  Audit Planning 


   Provides criteria for development of an audit plan and scope of the audit. 


18.2.5  Audit Team Independence 


   Provides criteria for audit team independence, authority, and organizational 
freedom. 


18.2.6  Audit Team Selection 


   Provides criteria for identification of audit team, team leader and technical 
specialists. 


18.2.7  Performing Audits 


   Provides performance criteria for the audit team leader to ensure that the audit team 
is prepared to perform the audit. 


18.2.8  Reporting Audit Results 


   Provides criteria for preparation, contents, and signing of the audit report. 


18.2.9  Responding To Audits 


   Provides criteria for management to respond to the audit report. 


18.2.10  Evaluating Audit Responses 


   Provides for audit responses to be evaluated per QARD Section 16, Corrective 
Action. 


18.2.11  Follow-up Action 


   Provides criteria for follow-up actions to be taken by the auditing organization to 
verify that corrective actions were accomplished per QARD Section 16, Corrective 
Action. 


18.2.12  Technical Specialist Qualifications 


   Provides criteria for the indoctrination and training of technical specialist personnel 
to QARD Section 2, Quality Assurance Program. 


18.2.13  Auditor Qualifications 


   Provides criteria for appropriate training and orientation of auditors for developing 
their competency in performing audits. 


 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 11.18-3 


 


  


18.2.14 Lead Auditor Qualifications 


   Provides criteria for lead auditor skills at organizing and directing personnel. 


18.2.15  Lead Auditor Education and Experience 


   Provides criteria for certification of education and experience of lead auditors. 


18.2.15.1 Lead Auditor Communication Skills 


   Requires that lead auditors have effective communications skills. 


18.2.16  Lead Auditor Training 


   Provides criteria for training lead auditors to attain proficiency. 


18.2.17  Lead Auditor Audit Participation 


   Requires lead auditors to participate in five (5) Quality Assurance audits with at 
least one (1) being nuclear-related within one-year prior to certification as a lead 
auditor. 


18.2.18  Lead Auditor Examination 


   Provides criteria for examination that evaluates lead auditor comprehension and 
ability to apply audit knowledge. 


18.2.19  Certification of Lead Auditor Qualifications 


   Provides criteria for certification of qualified lead auditors by the auditing 
organization. 


18.2.20  Maintaining Lead Auditor Proficiency 


   Provides criteria for lead auditors to maintain proficiency, management evaluation 
of proficiency, and qualification requirements. 
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11.19 SUPPLEMENTS AND APPENDICES 


11.19.1 Software (QARD, Supplement I) 


This QARD Supplement establishes requirements for the development, modification, control, and use of 
software. 


DOE-ID delegates implementation authority for QARD Supplemental I, Software for configuration 
management which supports program activities, such as design, to its contractor. 


DOE-ID monitors its contractor's practices related to program activities for software configuration, and, by 
surveillance and assessments, periodically reviews its contractor's practices to assure implementation and 
adequacy. 


DOE-ID's contractor is assigned authority implementation of QARD Supplement I, Software for 
construction, fabrication, assembly and/or operation functions which support program activities, and is 
required to establish and implement software configuration management practices for individual items 
throughout the program and operational status of structures, components or systems. These practices shall be 
responsive to the requirements of the Quality Assurance Program. 


The topics from Supplement I, Software, that are implemented from the QARD are: 


I.2.1  General Software Requirements 


   Provides requirements that apply generally to software. 


I.2.2  Software Planning 


   Provides requirements for and contents of software plans. 


I.2.3  Software Life Cycle Requirements 


   Provides software life cycle criteria for developed or modified software.. 


I.2.4  Software Configuration Management 


   Provides criteria for software configuration management to include configuration 
identification, configuration control, and status accounting. 


I.2.5  Defect Reporting and Resolution 


   Provides criteria for software defect reporting and resolution which shall be 
integrated into the software configuration management system.. 


I.2.6  Software Procurement 


   Stipulated the flowdown of software requirements to other organizations developing 
and supplying software under contract. 
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I.2.7  Software Previously Developed Not Using This Supplement 


   Provides criteria for use of software in which the history of the software is not 
known. 


I.2.8  Control of the Use of Software 


   Provides criteria for controlling, documenting, and using released software. 


11.19.2 Sample Control (QARD, Supplement II) 


Sample control practices as described in the QARD are not applicable to the ISF Facility ISFSI. Scientific 
samples taken, handled, or recorded for any purpose in order for the ISF Facility ISFSI to perform its 
function are covered by other procedures. 


11.19.3 Scientific Investigation (QARD, Supplement III) 


Scientific investigation practices are not applicable to the ISF Facility ISFSI. The facilities only function is 
SNF packaging and passive interim storage. 


11.19.4 Field Surveying (QARD, Supplement IV) 


Field surveying practices are not applicable to the ISF Facility ISFSI. The facility construction location is 
pre-established and identified in existing documents. The ISF Facility ISFSI does not need the surveying 
controls as outlined for a mined geological repository in the QARD. 


11.19.5 Control of the Electronic Management of Data (QARD, Supplement V) 


This supplement applies to the controls on the electronic management of data used as the controlled source 
for information used in design analysis or process control. 


DOE-ID delegates implementation authority for control of the electronic management of data activities which 
support program activities to its contractor. 


DOE-ID monitors its contractor's practices related to program activities for control of the electronic 
management of data, and, by surveillance and assessments, periodically reviews its contractor's practices to 
assure implementation and adequacy. 


DOE-ID's contractor is assigned implementation authority for QARD Supplemental V, Control of the 
Electronic Management of Data, for design, construction, fabrication, and assembly and/or operation 
functions which support program activities. The contractor is required to establish and implement prac-
tices which control electronic management of data as the controlled source of information used in design 
analysis or process control. These practices are responsive to the requirements of the QARD. 


The topics from Supplement V, Control of the Electronic Management of Data, that are implemented from 
the QARD are: 
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V.2.1  Control of the Electronic Management of Data 


Provides criteria for data input, subsequent changes to data input, security of data, including integrity of the 
data, and retrieval of data using a query language. 


11.19.6 High-Level Waste Form Production (QARD, Appendix A) 


High-Level Waste Form Production practices are not applicable to the ISF Facility ISFSI. The facility does 
not produce High-Level Waste in any form. The ISF Facility ISFSI is a packaging and passive interim 
storage facility. 


11.19.7 Storage and Transportation (QARD, Appendix B) 


The Licensee and the contractor design or fabricate ISF standard canisters. 


11.19.8 Monitored Geological Repository (QARD, Appendix C) 


Monitored Geological Repository practices are not applicable to the ISF Facility ISFSI. The ISF Facility 
ISFSI is a packaging and passive interim storage facility and is not a disposal system. 
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Appendix A 
Safety Evaluation of the Transfer Cask 


Summary


As stated in the ISF Facility Safety Analysis Report (SAR), Peach Bottom casks PB-1 and PB-2 (also 
known as CA-SF-006 and CA-SF-005, respectively) will be used to transfer spent nuclear fuel (SNF) 
from Idaho National Laboratory (INL) dry fuel storage facilities to the ISF Facility. The SNF transfer to 
the ISF Facility occurs solely within the DOE-ID controlled boundaries of INL over a distance of 
approximately 500 yards and does not involve the use of public roadways.  


The analyses presented in this Appendix demonstrate the Peach Bottom transfer cask’s ability to provide 
geometry control, configuration control, and shielding of the SNF for all credible accidents during 
transfer from the nearby INTEC to the ISF Facility.  


This Appendix is organized in the format of Nuclear Regulatory Commission (NRC) Regulatory Guide 
3.48, Revision 1, Standard Format and Content for the Safety Analysis Report for an Independent Spent 
Fuel Storage Installation or Monitored Retrievable Storage Installation (Dry Storage), issued 
August 1989, and follows closely the main sections and subsections of the ISF Facility SAR. 
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1.0 INTRODUCTION AND GENERAL DESCRIPTION OF INSTALLATION 


1.1 INTRODUCTION 


The ISF Facility to be constructed at the INL is described in the ISF Facility SAR. The purpose of the ISF 
Facility is to repackage four types of SNF and to store the repackaged SNF until the geological repository 
is available. The SNF will be transferred to the ISF facility using two existing Peach Bottom casks (PB-1 
and PB-2). The purpose of this Appendix is to demonstrate that the Peach Bottom casks meet the 
requirements of 10 CFR 72 for use as transfer casks. These casks will be used to transfer the four SNF 
types described below: 


a) Peach Bottom high-temperature gas-cooled reactor (HTGR) Core 1  


b) Peach Bottom HTGR Core 2  


c) Shippingport light-water breeder reactor (LWBR) reflector modules and loose rods  


d) Training, Research, Isotope Production, General Atomics (TRIGA) aluminum clad and steel clad 
fuel 


Section 3.1.1 of the ISF Facility SAR provides detailed physical and historical descriptions of the four 
SNF types. Figures A-1 through A-4 provide a pictorial description of the fuel transfer process. 


When the ISF Facility is completed and operational, the SNF identified above will be transferred to it 
from INTEC using the Peach Bottom casks. The SNF transfer will occur over a distance of approximately 
500 yards along INL site roads. No public highways will be affected. Should an off-normal or accident 
event occur during transfer of a loaded Peach Bottom cask to the ISF Facility, the cask and contents can 
be returned to the appropriate INTEC facility for unloading and inspection, as appropriate. 


The fuel has either been placed, or will be placed, in one of several different fuel type-specific containers 
prior to being loaded in the Peach Bottom casks. Following receipt of the transfer cask at the ISF Facility, 
the cask will be up righted, removed from its transportation trailer, and placed in the ISF Facility cask 
trolley. Using the trolley, the cask will be moved underneath the Fuel Packaging Area (FPA) fuel transfer 
port, the cask lid removed, and the fuel containers removed. After the fuel is removed, the lid will be 
replaced and the Peach Bottom cask will then be moved back to the receipt area, placed on the 
transportation trailer and returned for reuse. This process is described in detail in Chapter 5 of the ISF 
Facility SAR. 


The Peach Bottom casks are used only on the DOE INL site under DOE-ID’s transportation and 
packaging program. They are not licensed under either 10 CFR 72 or 10 CFR 71, although both casks 
were fabricated under an NRC Certificate of Compliance (USA/6375/B()F) in the 1970’s. DOE-ID has 
developed analyses that have been used to bound the ISF Facility receipt and handling of the DOE-ID 
Peach Bottom casks. The analyses and documents provided by DOE-ID include: 


a) drop scenarios for the PB Casks and fuel containers (Ref A-2 through A-6 and A-8)  


b) dose calculations for SNF drop accidents (Ref A-7) 


c) shipping configurations for the SNF (Ref. A-9 through A-12) 
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d) criticality safety evaluations (Ref A-13 and A-14). 


This document constitutes Appendix A of the ISF Facility SAR, and each chapter follows the same 
overall format as the SAR. 


1.2 GENERAL DESCRIPTION OF INSTALLATION 


1.2.1 Arrangement of Major Structures and Equipment 


Details on the ISF Facility are provided in the ISF Facility SAR, Chapter 1. Information specific to the 
Peach Bottom casks and the transportation trailer is provided below.  


Figures A-5 and A-6 depict the PB-2 cask and its subcomponents. Figure A-7 depicts an alternate cask lid 
that is used by DOE-ID for the Peach Bottom core 1 fuel transfers. Drawings for the PB-1 cask are not 
available from DOE-ID; however, the two casks have been confirmed to be nearly identical, with the 
exception of the distance between the top and bottom pairs of trunnions. DOE-ID performed field 
verification of the PB-1 and PB-2 cask configurations in conjunction with DOE-ID’s preparation of the 
cask safety analyses and the results of these field measurements are provided on Figures A-32 through 
A-34.  


Figures A-8 through A-10 document the DOE-ID design for a liner/overpack insert to be used for the 
Peach Bottom Core 2 and TRIGA fuels. These fuels are stored at the Irradiated Fuel Storage Facility 
(IFSF), located within the Idaho Nuclear Technology and Engineering Center (INTEC), in unsealed 
18-inch diameter containers. Since the IFSF canister diameter is smaller than the cask inner cavity, an 
inner liner/overpack is required to center and contain the IFSF canister within the Peach Bottom cask. 


Figure A-11 illustrates DOE-ID Trailer No. 71808 and its subcomponents. Trailer No. 71808 is a flatbed-
type transporter. This transporter will be used to transfer only the PB-1 cask because of the difference in 
trunnion locations between the two casks. 


Figures A-12 and A-13 illustrate DOE-ID Trailer No. E-71801, a 40-ton low-bed, or lowboy-type, trailer 
and its subcomponents. This transporter can accommodate either a PB-1 or the PB-2 cask since the 
location of its front trunnion supports is adjustable to meet the dimensional requirements of either cask. 


The Interface Control Diagrams (Figures A-1 through A-4) depict the relationship between the casks and 
the transporters. 


1.3 GENERAL SYSTEMS DESCRIPTION 


1.3.1 Storage Systems 


Not applicable to the Peach Bottom transfer cask. 


1.3.2 Transfer Systems 







ISF FACILITY 
SAR Appendix A 


Rev. 4 
Page A-5 


1.3.2.1 Transfer Cask 


The PB-1 and PB-2 casks will be used for onsite transfer of SNF from dry fuel storage facilities at the 
INTEC to the ISF Facility. These casks provide shielding and protection from potential hazards. The 
casks were designed for a maximum payload weight of 10,000 pounds. The PB-2 cask and its 
subcomponents are depicted in Figures A-5 through A-7. The casks were originally designed to provide 
sufficient shielding to ensure that dose rates resulting from shipping the Peach Bottom fuels were 
maintained below 10 CFR Part 71 regulatory limits. Four lifting trunnions are provided for handling the 
casks at the ISF Facility. The upper two trunnions are intended for lifting the casks; the lower two 
trunnions are used to pivot the casks about the lower cask cradle on the trailers. Additional design details 
of the casks are provided in Section 4.7 of this Appendix. 


1.3.2.2 Transfer Equipment 


Two transport vehicles are planned to be used for onsite transfer of the Peach Bottom casks. Trailer No. 
71808, a flatbed trailer (Figure A-11), or Trailer No. E-71801 (Figures A-12 and A-13) can be used to 
transport either PB-1 or PB-2. 


The petroleum fuel content of the transporter tractor used to place the trailers in the ISF Cask Receipt 
Area will be administratively controlled to minimize the consequences of fire. Refer to the ISF Facility 
SAR, Chapters 4 and 8. 


1.3.3 Auxiliary Systems 


Not applicable to the Peach Bottom transfer cask. 


1.3.4 System Operation 


Transfer system operations for the four SNF types are depicted in the Interface Control Diagrams 
(Figures A-1 through A-4). 


1.3.5 Arrangement of Storage Structures 


Not applicable to the Peach Bottom transfer cask. 


1.4 IDENTIFICATION OF AGENTS AND CONTRACTORS 


The DOE-ID site support  contractor is responsible to DOE-ID for maintaining the Peach Bottom casks. 
The support contractor is also responsible for loading the cask with SNF at INTEC, transferring the cask 
to the ISF Facility, and returning the cask to the INTEC after the fuel has been unloaded. 


1.5 MATERIAL INCORPORATED BY REFERENCE 


This SAR appendix is self-contained and does not incorporate any topical reports or documents submitted 
in other applications by reference. 


2.0 SITE CHARACTERISTICS 


This topic is addressed in the ISF Facility SAR Chapter 2. 
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3.0 PRINCIPAL DESIGN CRITERIA 


3.1 PURPOSE OF INSTALLATION 


This topic is addressed in the ISF Facility SAR Section 3.1. 


3.2 STRUCTURAL AND MECHANICAL SAFETY CRITERIA 


The Transfer Cask is classified Important to Safety (ITS). Structural and mechanical transportation safety 
criteria are established for geometry control, configuration control, confinement barrier, and shielding of the 
SNF to ensure criticality safety and radiation protection are maintained. Postulated accidents associated with 
movement of the transfer cask within the ISF Facility are considered to be of low probability and 
consequences due to the slow speed of travel, short travel distance, and administrative controls and 
procedures that will be in place during cask movement. Transfer accidents within the ISF Facility are 
bounded by the analyses that addresses the transfer from the fuel storage location within INTEC to the ISF 
Facility. The PB Cask designs, evaluations and procedures are summarized or referenced in the appropriate 
sections of this Appendix. These summaries or references demonstrate that the PB casks provides geometry 
control, configuration control, confinement barrier, and shielding of the SNF for all credible accidents within 
the ISF Facility during transfer from the nearby INTEC facility. 


3.3 SAFETY PROTECTION SYSTEMS 


3.3.1 General 


This topic is addressed in ISF Facility SAR, Chapter 3. 


3.3.2 Protection by Multiple Confinement Barriers and Systems 


3.3.2.1 Confinement Barriers and Systems 


Confinement barriers related to the Peach Bottom cask are discussed below. Additional discussion of ISF 
confinement boundaries is provided in Chapter 3 of the ISF Facility SAR. 


3.3.2.1.1 Existing DOE-ID Transfer Cask 


The Transfer Casks serve as the SNF confinement barriers and system from the time the transfer cask 
arrives at the ISF site boundary until the transfer cask lid is removed and the fuel containers are lifted 
from the cask into the ISF Facility Fuel Packaging Area (FPA). 


The SNF containers are loaded into the Peach Bottom cask at the INTEC for transfer to the ISF Facility. 
After loading the container in the cask, the cask lid is bolted in place. Within the ISF Facility the 
confinement barriers provided by the Peach Bottom cask are protected by the following facility design 
criteria and features: 


a) The Transfer Cask is handled with a single-failure-proof crane and lifting device while in the Cask 
Receipt Area. These components meet the applicable requirements of NUREG-0554 (Ref. A-18), 
NUREG-0612 (Ref A-19), and ANSI N14.6 (Ref A-20). This crane and its supports have been 
designed to withstand credible accident loads, including seismic forces. Design criteria associated 
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with the Cask Receipt Area crane are discussed in detail in Chapters 3 and 4 of the ISF Facility 
SAR. 


b) The cask is moved within the ISF Facility using a cask trolley that meets the applicable 
requirements of NUREG-0554, NUREG-0612, and ANSI N14.6 for the control of heavy loads. 
This trolley has been designed to restrain the cask and prevent overturning under credible accident 
conditions, including seismic loads. Design criteria associated with the cask trolley are discussed in 
detail in Chapters 3 and 4 of the ISF Facility SAR. 


c) The structure of the ISF Facility Transfer Tunnel provides protection from credible accident 
conditions, including seismic events, and tornado winds and missiles. Design criteria associated 
with ISF Facility reinforced concrete structures are discussed in detail in Chapters 3 and 4 of the 
ISF Facility SAR. 


The direct dose through the composite walls and lids of the Transfer Cask has been considered in the 
estimate of the overall dose for workers at the ISF Facility. For the cask, worker dose was estimated by a 
combination of the amount and type of fuel in a given shipment, the internal packaging configuration and 
self-shielding within the cask, and the time between arrival of the cask at the ISF Facility, unloading of 
the cask from the heavy haul trailer onto the cask trolley, and placement of the cask trolley inside the 
Transfer Tunnel. The overall dose associated with ISF Facility operations is discussed in Section 7.4.1 of 
the SAR. A summary of the occupational doses for ISF Facility fuel handling operations, which includes 
transfer cask operations, is provided in Table 7.4-2 of the SAR. 


Damage caused by postulated accidents and natural phenomena, related to the confinement barrier 
provided by the Peach Bottom cask are considered to be bounded by the Peach Bottom cask and fuel 
container drop analyses (Ref A-2 through A-6). A discussion of the credible Transfer Cask accidents is 
presented in Section 8.2.2 of this Appendix. 


Dose calculations have been performed to predict the radiological consequences resulting from a SNF 
drop accident (Ref A-7). This evaluation used the Radiological Safety Analysis Computer Program, 
RSAC-6 (Ref A-21), to calculate the dose for each accident scenario. Each of the four fuel types was 
evaluated and the bounding dose rate at the ISF Facility Controlled Area Boundary (13,700 meters) was 
associated with the dropping of a PB Cask containing 18 Peach Bottom Core 1 elements.  


In the dose evaluations for this bounding analysis, the following were assumed: 


a) 25% of the fuel is assumed to have fractured or broken to the point that powder exists in the fuel 
following the drop event. 


b) An airborne release fraction of 0.1% is assumed to have become airborne from the fuel that has 
broken into powder. 


c) The Peach Bottom cask was assumed to further limit the airborne release to 0.1%  
d) The accident is assumed to occur outside at ground level 
e) Class F meteorological stability class with a 1.04 m/s wind speed is used 
f) A breathing rate of 3.33x10-4 m3/s is used 
g) The individual at the Controlled Area Boundary remains for the entire plume duration. 


The highest calculated dose was 2.19 x 10-5 rem TEDE which remains below the limits defined in 
10 CFR 72 (Ref. A-15) for normal, off-normal and accident conditions. 
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3.3.3 Protection by Equipment and Instrumentation Selection 


3.3.3.1 Equipment 


Key Transfer cask equipment that provides protection or confinement barriers to the SNF is listed in 
Table A3.3-1. Principal design criteria are also presented in this table. Additional design criteria and 
further discussions of subsystems and components are provided in Chapters 4, 5, and 8 of this Appendix. 
Other key equipment that provides protection of the SNF in the ISF Facility is discussed in the ISF 
Facility SAR, Section 3.3. 


3.3.3.2 Instrumentation 


The Peach Bottom casks are each fitted with four quick disconnect fittings. These are located within the 
Peach Bottom cask trunnions (see Figure A-5). A pressure gauge may be inserted into the disconnect 
fittings to determine if the cask has become pressurized during transfer. 


3.3.4 Nuclear Criticality Safety 


Nuclear criticality safety criteria are discussed in Section 3.3.4 of the ISF Facility SAR. 


Criticality safety evaluations that have been performed (Reference A-13 and A-14) bound the fuel types 
and shipping configurations that will be used to transfer the SNF to the ISF Facility. Section 4.7.3.4 of 
this Appendix provides a summary of the results of these analyses.  


3.3.5 Radiological Protection 


This topic is addressed in the ISF Facility SAR. 


3.3.6 Fire and Explosion Protection 


This topic is addressed in the ISF Facility SAR. 


3.3.7 Materials Handling and Storage 


Not applicable to the Peach Bottom cask. 


3.3.8 Industrial and Chemical Safety 


Not applicable to the Peach Bottom cask. 


3.4 CLASSIFICATION OF STRUCTURES, COMPONENTS, AND SYSTEMS 


The Peach Bottom Cask has been determined to be an Important to Safety system using the criteria 
presented in Chapter 3 of the ISF Facility SAR. 


3.5 DECOMMISSIONING CONSIDERATIONS 


Decommissioning is addressed in the ISF Facility Proposed Decommissioning Plan (Ref A-17).  
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4.0 INSTALLATION DESIGN 


4.1 SUMMARY DESCRIPTION 


A summary of the ISF Facility installation design is addressed in Section 4.1 of the ISF Facility SAR. A 
description of the Peach Bottom transfer cask is discussed in Section 4.7.1.1. 


4.2 STORAGE STRUCTURES 


Not applicable to the Peach Bottom transfer cask. 


4.3 AUXILIARY SYSTEMS 


Not applicable to the Peach Bottom transfer cask. 


4.4 DECONTAMINATION SYSTEM 


Methods and systems for decontamination of the Peach Bottom casks at the ISF Facility are addressed in 
the ISF Facility SAR, Section 4.4. 


4.5 TRANSFER CASK REPAIR AND MAINTENANCE 


The ISF Facility does not have shipping cask repair or cask maintenance facilities. Repair and 
maintenance of this government furnished equipment will be performed by DOE-ID through its support 
contractor at separate facilities. Repair and maintenance of the ISF Facility's cask lifting hardware is 
addressed in the ISF Facility SAR, Section 5.1.3.5. 


4.5.1 Routine Inspection 


Routine inspection requirements for the Peach Bottom cask will be performed in accordance with 
DOE-ID’s established inspection and maintenance program. Generic items for routine inspection include: 


a) Visually inspect the cask exterior for cracks, dents, gouges, tears, or damaged bearing surfaces. 
Particular attention is to be paid to the cask trunnions. 


b) Visually inspect all threaded parts and bolts for burrs, chafing, distortion, or other damage. 


4.6 CATHODIC PROTECTION 


Not applicable to the Peach Bottom transfer cask. 


4.7 SPENT FUEL HANDLING OPERATION SYSTEMS 


4.7.1 Structural Specifications 


Details on structural specifications for structures, systems and components (SSC) that interface with the 
Peach Bottom cask are provided in Chapter 4 of the ISF Facility SAR. The following sections focus on 
the structural specifications for the Peach Bottom cask. 
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4.7.1.1 Peach Bottom Casks 


The Peach Bottom casks were fabricated and maintained, under Certificate of Compliance (COC) 
USA/6375/B()F (Ref A-23) for over-the-road shipment of radioactive material in accordance with 
10 CFR 71. The COC for these casks expired on September 30, 1979. Figures A-5 and A-6 are the 
assembly drawings for the PB-2 cask. The PB-1 and PB-2 configurations were field verified in 
conjunction with preparation of the cask safety analyses and the results of these field measurements are 
provided on Figures A-32 through A-34.  


Analyses has been performed to demonstrate that the PB-1 and PB-2 transfer casks will survive credible 
handling accidents associated with the transfer of each of the four SNF from the nearby INTEC 
(Reference A-2 through A-6, A-13 and A-14). These analyses, coupled with the discussion provided in 
Chapter 8 of this Appendix, demonstrate that the Peach Bottom casks will provide the necessary geometry 
control, configuration control, confinement barrier, and shielding of the SNF during transfer operations to 
ensure that radiation protection and criticality safety requirements of the ISF Facility are met. 


Section 8.1 of this Appendix describes the off-normal events analyzed, while Section 8.2 describes the 
credible accident scenarios associated with receipt and handling of the Peach Bottom cask at the ISF 
Facility. 


Codes and Standards 


Based on information contained in the original Safety Analysis Report submitted to the NRC in 1970 
(Ref. A-16) resulting in the issuance of the COC (Ref A-23), the Peach Bottom casks welding procedures 
were “essentially those of the American Society of Mechanical Engineers (ASME) Boiler and Pressure 
(B&PV) Code Section VIII, Unfired Pressure Vessels, 1962 Edition, and Section IX, Welding 
Qualifications, 1962 Edition.” 


Materials of Construction - Original Configuration 


The following configuration information is from the original safety analysis report (Ref. A-16) submitted 
to the NRC for licensing of the casks and information contained in the Safety Analysis Report for INL 
on-site shipments using the Peach Bottom cask (Ref A-26). The original design layout of the PB-1 
shipping cask for transporting irradiated Peach Bottom 1 reactor fuel elements is shown in Figure A-5. 
The cask had a calculated loaded weight of 62,800 pounds when transporting Peach Bottom fuels. When 
transporting the maximum contents payload of 10,000 pounds, the cask had a calculated loaded weight of 
67,100 pounds. It has an outer diameter of 42.5 inches, and an overall length of 191.12 inches, including 
impact limiters, and a width across the trunnions of 50.0 inches. The cask internal cavity is 26 inches 
diameter and 159 inches long. Canned fuel elements were positioned within the cavity in fuel element 
baskets. 


The cylindrical cask body was constructed with a 0.25-inch, Type 304 stainless steel cavity liner, a 
maximum of 6.25 inches of lead, a 1.50-inch mild steel outer shell, and a 0.25-inch Type 304 stainless 
steel overlay. The cavity liner was seam-welded and polished to a No. 3 finish. It was welded at both ends 
to offset cones, which formed cavities for the end closures. The lead is 5.25 inches thick from the bottom 
of the cavity to 24.5 inches above the bottom; it is 6.25 inches thick from 24.5 inches above the bottom to 
134.5 inches above the bottom; and it is 5.25 inches thick over the remainder of the length. Since lead 
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shrinks upon solidification, a patented fin arrangement was used to attach the lead to the inside of the 
outer shell. The fins bridged the gap between the lead and outer shell and enhance the transfer of heat. A 
venting device for the head cavity prevents a buildup of excessive pressure from either moisture or lead 
during a fire-temperature excursion. The stepped outer shell was constructed by welding three coaxial, 
formed and welded, mild steel cylinders. The overlay was welded to the outer shell at the end of each 
cylinder, and at cutouts around each trunnion. It was spaced from the outer shell by 1/16-inch spot welded 
spacers on the outer shell, and served as a heat shield to inhibit lead melting during the hypothetical fire-
temperature excursion. A pressure relief plug in the overlay shell prevented a buildup of excessive 
pressure from moisture. 


Guide pins provided final alignment of the cover bolt holes with tapped holes in the ends of the cask 
body. Twelve 1.25-inch diameter ASTM A325, cadmium-plated steel bolts secured each cover. A 
silicone-rubber O-ring gasket seal was originally used between the cask seat at each end to provide a 
secondary containment system for the cask contents during shipment. 


Heat rejection is accomplished by conduction through the cask walls and radiation and convection from 
the cylindrical wall of the cask. The cask was designed to operate either wet or dry. For the purpose of 
SNF transfers to the ISF Facility, all shipments will be dry. 


Four 8-inch diameter lifting and pivoting trunnions were welded to the outer shell. Each trunnion is 
approximately 4.5 inches in length. A 0.5-inch thick Type 304 stainless steel patch plate was welded to the 
outer shell at each trunnion for added strength, resulting in an effective trunnion length of 4 inches. The 
trunnions permit raising the cask from the horizontal to the vertical position and vice versa with minimum 
effort. They also served as a means of attaching the cask to the transport vehicle-mounting cradle. The 
trunnions are hollow and provided protective housings for the drain valves, flush valve, pressure gauge, 
pressure-relief valve, and valve exhaust filter. The pressure relief valve was set at the seal test pressure of 
100 psig. Pipe plugs were used as seals for the pressure gauge, vent and drain lines. The open end of the 
trunnion was covered with a 9-inch diameter, 0.5-inch thick plate attached with six fasteners. 


The cask was mounted horizontally and handled during transport using all four trunnions in a structural 
steel cradle that was designed to spread the load. Trunnion sockets on the vehicle-mounting cradle 
support and secure the cask trunnions. They allowed rotation of the cask from the vertical to the 
horizontal shipping position. One set of trunnion sockets was adjustable to accommodate changes in the 
length of the cask due to temperature changes. Pads on the vehicle-mounting cradle provided additional 
support to the cask when it was in the horizontal position. 


An impact limiter was attached to each end with four of the twelve 1.25-inch cover bolts in order to limit 
the impact load on the fuel canisters during an accidental drop. The impact limiters were constructed by 
welding a bundle of 2.5-inch nominal diameter by 18 gauge mechanical tubing between 0.25-inch 
Type 304 stainless steel plates and enclosing the bundle with a 0.0625-inch Type 304 stainless steel shell 
as shown in Figure A-5. A 4-inch long skirt extended from the impact limiter over the cask for added 
resistance to radial motion in a corner drop. 


The top and bottom lids had 4 inches of lead sandwiched between two 1.50-inch Type 304 stainless steel 
plates. The upper lid had a removable center plug, which allowed lifting rods to pass through for lifting 
and supporting fuel bundles/canisters. This feature will not be used at the ISF Facility. The cask lids are 
tapered to allow easier alignment in the conical recessed cask openings. The lids were secured to each end 
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of the cask with twelve bolts. Eight of the bolts fit into recesses in the cask lid, and the remaining four 
bolts were used to attach the external impact limiters to the lids but also thread into the cask body. Four 
other holes were also provided in the lids: two holes located 180 degrees apart, for seating of the cask 
guide pins in the lids; and two holes located 180 degrees apart for attachment of lifting rings. The lids are 
handled by a two-point pickup. 


Transfer Cask Configuration for SNF Transfers to the ISF Facility 


Impact limiters will not be used due to the short transfer distance to the ISF Facility, except possibly in the 
case of the TRIGA fuel transfers. In addition, O-ring seals will not be used during fuel transfers to the ISF 
Facility. A drop evaluation addressing the configuration without impact limiters (Reference A-2) has been 
performed. Additionally, for shipments of Peach Bottom Core 1 fuel canisters, the top lid of the cask will 
be replaced. The replacement lid will be 6.25-inch thick, constructed of A36 carbon steel (Figure A-7). For 
the fuel transfers to the ISF Facility, the transfer casks will utilize ASTM A-276, UNS 21800 (Nitronic 60) 
bolts for the lids. Where impact limiters are not used, four new, shorter bolts may be installed in the cover 
in place of those that originally held on the impact limiters.  


Table A4.7-1 contains nominal design dimensions and weights for the two Peach Bottom casks for both 
the original and modified configurations. Table A4.7-2 contains information on the cask materials of 
construction. Table A4.7-3 contains information on the mechanical properties of the cask materials. Field 
measurements taken of the Peach Bottom casks can be found on Figures A-32 through A-34. 


Fabrication and Inspection 


Based on information in the original Safety Analysis submitted to the NRC in 1970, the Peach Bottom 
shipping casks were fabricated and inspected to the following Battelle Memorial Institute (BMI) 
procedures and specifications: 


� Cask Surface Finish Procedure 748-SF-801 


� Welding Procedure for Cask Construction Procedure 748-WP-101 (“essentially those of the 
American Society of Mechanical Engineers (ASME) Boiler and Pressure (B&PV) Code Section 
VIII, Unfired Pressure Vessels, 1962 Edition, and Section IX, Welding Qualifications, 1962 
Edition”). Based upon a review of the original Safety Analysis prepared by BMI, the 10 CFR 71 
Certificate of Compliance (Certificate Number 6375) issued by the NRC, and drawings prepared 
by BMI, a list of requirements from cited Codes and Standards was developed. Compliance or 
exceptions to these requirements were also demonstrated. This review identified four specific 
exceptions to the ASME Code. These four exceptions were with respect to the above welding 
procedure (two material specifications and two electrode specifications that were not listed in the 
1962 Edition of ASME). These exceptions, their justifications, and compensatory measures are 
provided in Table A4.7-4. 


� Liquid Penetrant Inspection 748-PT-201 


� Hydrostatic Testing Procedure 738-HT-601 


� Pouring Procedure for Lead Shielding 748-LP-1001 
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� Shielding Integrity Testing Procedure 748-GP-401 


Features Covered by QA Program 


The original construction and fabrication of the Peach Bottom cask was performed in accordance with the 
construction specifications and procedures described in the original Safety Analysis Report submitted to 
the NRC for application of a Certificate of Compliance (Ref. A-16). All Quality Assurance activities 
associated with the Peach Bottom transfer casks, and the SNF to be transferred therein, will be performed 
under the ISFSI Quality Assurance Program.  


4.7.1.2 Inner Containers 


The DOE Standard for Hoisting and Rigging (Reference A-22) requires that all structural and mechanical 
“below-the-hook” lifting devices pass a rated load test such that “the rated load capacity shall not be more 
than 80 percent of the maximum load sustained during the test.”  Some of the fuel containers do not have 
a redundant load path provided, nor have they been demonstrated to meet either the double safety factor 
criteria identified in the guidance of NUREG-0612, (Reference A-19). For those fuel containers that do 
not meet the double safety factor criteria, the consequences of a drop event have been evaluated. Section 
8.2.2.1 of this Appendix describes the credible accident scenarios associated with receipt and handling of 
the fuel containers.  


Because of the different storage locations and dates of transfer, the fuel elements from each source have 
been packaged differently. A description of each of the inner containers follows. 


4.7.1.2.1 Peach Bottom Core 1 Packaging 


Peach Bottom Core 1 fuel assemblies, shown in Figure A-14, were placed in sealed aluminum canisters 
with stainless steel liners (Figure A-15) at the Peach Bottom Nuclear Station after removal from the 
reactor. Failed Core 1 fuel assemblies were removed from the reactor with a stainless steel assembly 
removal tool (ART), and both the tool and fuel element were placed in a sealed canister as shown in 
Figure A-16. The sealed storage canisters were loaded and sealed in a helium atmosphere and then 
checked for leaks. If leaks were detected, the entire canister and fuel element were then placed in a second 
aluminum storage canister (“salvage canister,” Figure A-16). A typical loaded storage canister weighs 
about 150 pounds. 


The fuel canisters were shipped to the INL in the Peach Bottom cask. Up to eighteen elements at a time 
were positioned in the cask by means of a basket assembly (see Figures A-17 and A-18). At INTEC, an 
entire basket assembly loaded with fuel canisters was lowered into a below-grade drywell. A loaded 
basket weighs a maximum of 5150 pounds. Forty-six basket assemblies are situated in individual 
drywells. Removal and canning of the Peach Bottom Core 1 fuel resulted in a number of package types 
(fuel canisters) that were loaded into the baskets.  


Support Plate for Corroded Peach Bottom 1 Fuel Baskets - Since being placed in existing storage, visual 
inspections using remote television cameras indicate that water has entered the interior of the storage area, 
causing corrosion of the aluminum basket bottoms, sides of the baskets, and the tops of the fuel canisters. 
Fairly large corrosion deposits have been visually recorded on the bottoms of the handling baskets and 
fuel canister tops. It is assumed that all storage configurations have corroded to some extent. To 
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structurally reinforce the aluminum baskets for transfer to the ISF Facility, a new support plate will be 
installed on the bottom of the existing aluminum baskets (new support plate is not required for stainless 
steel baskets). The support plate prevents fuel cans from dropping through the corroded basket bottoms in 
the event of failure. The support plate is connected to a rod that extends through the center tube of the 
basket. Figures A-21 through A-24 illustrate the overall design and details of the support plate and 
associated hardware. The connection is made using a remote tool to insert the rod through the penetration 
in the cask top lid, through the center position of the basket, to the new support plate beneath the basket 
into which it is threaded and torqued. The new rod also has a threaded lifting fixture at the top, to which a 
lifting rod can be connected for transferring the fuel basket. The basket will continue to be relied upon to 
provide lateral support for the canned elements. The support plate has a diameter of 25 inches. It is 
fabricated of 0.75-inch Type 304 stainless steel plate. The support rod is made of 0.625-inch Nitronic 60 
and has a length of 153.5 inches. 


4.7.1.2.2 Peach Bottom Core 2 Packaging 


Peach Bottom Unit 1 Core 2 fuel elements are stored in unsealed steel canisters at the IFSF. The Core 2 
SNF was packaged for shipment using canisters of the same type as those used for Core 1. However, 
instead of placing the fuel into drywells similar to those used for the Core 1 fuel, all the Core 2 fuel was 
stored in the IFSF. Since the IFSF storage canisters are approximately 11 feet in length and 18 inches in 
diameter, once the fuel was received at INTEC, the graphite fuel elements were removed from the 
aluminum canisters and the upper reflector section was cut from the top of each element. The resulting 
cropped elements were stored up to 12 per IFSF canister (nominal count is 12 per canister), and the 
canisters were then placed into IFSF dry storage. 


There are two designs of IFSF canisters, each 18 inches in diameter and nominally 11 feet long. The 
canister bodies are 18-inch diameter Schedule 10 pipe. One of these is A53B carbon steel pipe and the 
other is Type 304L stainless steel Schedule 10S (0.188 in.) pipe. Each of these incorporates a lid with 
lifting bail although each has a different mechanism for latching the lid. 


The carbon steel IFSF canister is shown in Figure A-25. The lid design reduces air exchange and 
particulate leakage, but does not provide a confinement seal. Figures A-27 and A-28, show the second, 
thinner-walled stainless steel IFSF canister. Figure A-29 shows a stainless steel canister design in which 
one and one-half sectioned Core 1 fuel elements will be placed prior to placement in an IFSF canister and 
transferred to the ISF Facility. 


External visual examinations of the IFSF canisters containing the Core 2 fuel have revealed no pertinent 
exterior corrosion. No internal inspections have been performed. Little or no corrosion is expected since 
the fuel was received dry from the Peach Bottom HTGR, and has been in dry storage since the time of 
receipt. 


Because the IFSF canisters containing the Core 2 fuel are not sealed and are smaller than the cask cavity, 
an inner liner and overpack must be provided for the onsite transfers. Figures A-8 through A-10 show the 
design for this liner and overpack. This liner and overpack is intended for use in conjunction with the 
Peach Bottom casks when transferring the Core 2 fuel in IFSF canisters. 
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4.7.1.2.3 Shippingport Fuel Packaging 


After irradiation in the Shippingport reactor, the LWBR fuel was shipped to INL. Fuel rods were removed 
from selected assemblies for examination at the Expended Core Facility (ECF). Following examination, 
the fuel and pieces were placed in stainless steel storage canisters (Figures A-35, A-36, and A-37). The 
LWBR storage canisters are constructed of Type 304 stainless steel. The dimensions are 25.5 inches outer 
diameter by 158 inches outside length. The canister shell is welded to a girth ring, which contains six 
1-inch diameter threaded holes for lifting prior to placement of the canister closure head. A crushable pad 
with a load spreading plate, upon which the LWBR fuel module rests, sits on the bottom plate of the 
canister. The closure head is secured with twelve 1-inch diameter bolts, and sealed with a metallic O-ring 
gasket of silver-plated Inconel. Each closure bolt hole is also sealed with a metallic O-ring. All 
components are constructed of Type 304 stainless steel. 


The irradiated reflector modules were loaded into the LWBR storage canisters under water. Before 
transfer from the ECF to INTEC, all LWBR reflector modules were dried in accordance with approved 
ECF procedures using a commercial nuclear-type vacuum drying process. No external heating or other 
condition methods were applied in conjunction with the vacuum process. After dewatering, the canisters 
were isolated and monitored for increased internal pressure to verify the completeness of water removal. 
The canisters were then backfilled with neon gas and leak tested. The canisters were then shipped to 
INTEC for drywell storage. Only the Shippingport reflector modules and a reflector loose rod canister are 
to be transferred for storage in the ISF Facility. 


No external or internal inspections of the LWBR fuel storage canisters have been performed while in 
storage at INTEC. Therefore, the actual condition of the canisters and fuel is unknown. However, the 
assumption is that little or no corrosion can occur inside or outside the canisters because of the 
pre-storage drying process and because they have been in dry storage ever since. The LWBR Zircaloy 
cladding is robust, similar zircaloy cladding used in most commercial BWR and PWR fuel and has 
proven resistant to corrosion both in service and in storage. The Shippingport LWBR modules were also 
placed into stainless steel liners, dried to remove all liquid water, backfilled with neon gas, and sealed. 
The CPP-749 vaults, in which these liners are stored, are periodically monitored, and no abnormal gases 
have been detected. However, an actual gas sample from inside the sealed liners has not been taken since 
the modules were placed in storage. In addition, dry well temperatures and pressures were monitored for a 
period of time after receipt of the LWBR storage canisters at INTEC. No abnormal indications were 
observed. 


4.7.1.2.4 TRIGA Fuel Packaging 


The ISF Facility is designed to store approximately 1600 TRIGA fuel elements. Over half the TRIGA 
fuel elements that will be transferred to the ISF are currently stored at INL. These fuel elements are 
currently stored in canisters in the INTEC IFSF (aluminum and stainless steel clad) and in the 
INTEC-666 underwater storage basin (stainless steel clad only). The TRIGA elements in the underwater 
storage basin will be placed in dry storage cans and transferred to the IFSF prior to delivery to the ISF 
Facility.  


DOE-ID continues to receive TRIGA fuel from domestic and foreign sources. All TRIGA fuel accepted 
for storage at the INTEC must meet the DOE’s Foreign Research Reactor Fuel Acceptance Criteria 
(Ref. A-25), which include inspections for structural failures and corrosion. All TRIGA fuel must first be 
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inspected and accepted for storage at INTEC, prior to all planned transfers from INTEC to the ISF 
Facility. 


In order to facilitate TRIGA fuel loading, transfer, and handling, all stainless steel or aluminum clad 
TRIGA fuel will be packaged in a standard configuration within the Peach Bottom casks for transfer to 
the ISF Facility. This will consist of the following can/bucket/canister configuration: 


Can:  Up to five individual TRIGA SNF elements will be placed in a five position standard TRIGA fuel 
can (Figure A-38). The pintle used to handle the can is the same as the TRIGA fuel element pintle. 


Bucket: Six cans, as described above, will be placed in a TRIGA bucket (Figure A-31 and A-31a). The 
bucket is approximately 31 inches tall and is handled with a locking hook. 


IFSF Canister: Three buckets as described above, will be placed in an IFSF Lighter Weight Storage 
Canister (Figure A-27 and A-28). In order to maintain configuration control with the Lighter Weight 
Storage Canister, the following canister gap plug will be utilized. 


Canister Gap Plug: A Canister Gap Plug (Figure A-39) will be placed on top of the upper bucket to fill 
the remaining space in the canister to prevent any significant shifting of the buckets, and 
preclude/mitigate safety issues when the cask is placed horizontally on the transport trailer for delivery to 
the ISF Facility. The Canister Gap Plug will have the same lifting fixture, bottom plate, and outer 
diameter as the TRIGA bucket described above. The weight of the gap plug will be kept to the minimum 
required to provide the necessary structural integrity and maintain the total loaded weight of the canister 
below 2000 pounds. 


Each shipment will contain up to a maximum of 90 standard stainless and/or aluminum clad TRIGA 
elements. 


As stated previously, the IFSF canisters containing the TRIGA fuel are not sealed and are smaller than the 
cask cavity. An inner liner and overpack must be provided for the onsite transfers. Figures A-8 through 
A-10 show the design for this liner. This liner is intended for use in conjunction with the Peach Bottom 
casks when transferring the TRIGA fuel in IFSF canisters. 


4.7.2 Installation Layout 


This topic is addressed in the ISF Facility SAR. 


4.7.3 Individual Unit Descriptions 


4.7.3.1 Functions of Fuel Handling Operational Area 


Not applicable to the Peach Bottom transfer cask. 


4.7.3.2 Components for Fuel Handling Operations 


Not applicable to the Peach Bottom transfer cask. 
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4.7.3.3 Design Bases and Safety Assurance 


Details on the design bases and safety assurances for SSCs that interface with the Peach Bottom cask are 
provided in Chapter 4 of the ISF Facility SAR. The following sections focus on the design bases and 
safety assurances for the Peach Bottom cask. Analyses presented are based on information that is relevant 
to the planned packaging and shipment configurations. 


4.7.3.3.1 Structural Evaluation of Cask Trunnions in Accordance with NUREG-0612 
Criteria


Purpose


The purpose of this evaluation is to determine the design safety factor with respect to ultimate strength of 
the Peach Bottom Cask trunnions and demonstrate that they meet the guidance of NUREG-0612. 


Criteria


NUREG-0612, Control of Heavy Loads at Nuclear Power Plants (Ref. A-19), Section 5.1.6(3) Single-
Failure-Proof Handling Systems states: 


Interfacing lift points such as lifting lugs or cask trunnions should also meet one of the following 
for heavy loads handled in the area where the crane is to be upgraded unless the effects of a drop 
of the particular load have been evaluated and shown to satisfy the evaluation criteria of 
Section 5.1: 


(a) Provide redundancy or duality such that a single lift point failure will not result in 
uncontrolled lowering of the load; lift points should have a design safety factor with respect to 
ultimate strength of five (5) times the maximum combined concurrent static and dynamic load 
taking the single lift point failure. 
OR


(b) A non-redundant or non-dual lift point system should have a design safety factor of ten (10) 
times the maximum combined concurrent static and dynamic load. 


Peach Bottom Shipping Cask Information 


The maximum package weight is conservatively assumed to be  65,000 (57,100 is the total cask weight 
without impact limiters + 7,900 is the largest payload weight for use at the ISF Facility) pounds. The 
trunnions have an outside diameter of 8 inches, and an inside diameter of 6 inches. The trunnion load is 
applied 2.5 inches from the outer shell of the cask. 
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The material properties are taken from the Westinghouse Safety Analysis Report (Ref. A-26) and are 
tabulated below: 
 
Material: Type 304 stainless steel 
Components: Cavity Shell, Trunnions and Trunnion Plates, Outer Shell Overlay, End Plugs, Cask End Plates 
Property 70�F 100�F 200�F 300�F 400�F 500�F Units


S ultimate 75 --- 66 62.5 59.0 57.5 103 psi 
S yield 30 --- 26 23.5 21.0 19.5 103 psi 
E 28.3 --- 27.8 27.3 26.7  106 psi 


� mean 8.46 --- 8.79 9.00 9.19  10-6/ F 


� 0.290      lb/in3 


� 0.3       


Where S ultimate = static ultimate strength (minimum), S yield = static yield strength (minimum), E = Young’s 
Modulus of Elasticity, � mean = coefficient of thermal expansion, � = density, � = Poisson’s Ratio. 
 


Evaluation


There are two pairs of trunnions on the Peach Bottom cask. One pair is used with a special lifting device 
to rotate, lift and move the cask. 


The lifting configuration is classified as a non-redundant or non-dual lift point configuration. Hence, the 
design safety factor of 10 on ultimate strength is applicable. 


Static Load on Trunnion 


 W = 65,000 pounds (total weight of the package) 


 Ps = Static load to be supported on each trunnion 


 lbWP 500,325.0 ��  


Dynamic Load on Trunnion 


Dynamic load takes into account inertia forces and uncertainties in allowing for other influences. To 
account for dynamic influences a 15% increase in dead weight is assumed. The 15% factor is based on 
guidance from Crane Manufacturers Association of America (CMAA-70, Specification 70, Specifications
for Top Running Bridge and Gantry Type Multiple Girder Electric Overhead Traveling Cranes 
(Reference A-27). 


 PD = Dynamic load to be supported on each trunnion 


lbPP sD 875,415.0 ��  


Load on Trunnion 


The load on the trunnion is the sum of the static and dynamic load. 
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 P = Trunnion Load 


 lbPPP Ds 375,37���  


Geometric Information for Trunnion 


 Do = Outside diameter of trunnion = 8 inches 


 DI = Inside diameter of trunnion = 6 inches 


 ro = Trunnion outer radius = Do/2 = 4 inches 


 I = Moment of inertia of trunnion 
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A = Area of cross-section of trunnion 
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 L = Distance from P to junction of trunnion and shipping cask = 2.5 inches 


 M = Moment at junction = P x L = 37,375 lbs x 2.5 inches = 93,438 in-lbs 


Maximum bending stress for trunnion 
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Maximum shear stress for trunnion 


   psi
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Maximum principal bending stress 


The maximum trunnion principal stress (SI) is determined by combining shear stress and bending stress as 
follows: 
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Material properties 


The maximum cask surface temperature at 100°F ambient temperature is predicted to be 161°F (with a 
3850 Btu/hr internal heat load (Ref. A-26). For conservatism, use material properties of ultimate strength 
at 200�F. 


Su = 66,000 psi 


Design Safety Factors 


The design safety factor, �u (ultimate), for the trunnions is: 


�u = Su/SI = 18.6 > 10 


Conclusions 


The trunnions of the Peach Bottom shipping cask satisfy the design safety factors defined in NUREG-
0612 for a non-redundant or non-dual lift point configuration for a single-failure proof handling system. 


4.7.3.3.2 Coatings 


The transfer casks, original top and bottom lids, and bolts are uncoated. The exposed surfaces of the 
transfer casks and original top and bottom lids are stainless steel and do not require any type of coating.  


A second top lid, which is used in the transfer of Peach Bottom Core 1 fuel, is constructed from carbon 
steel and does require the use of a coating. The surface of the carbon steel lid (Figures A-21 and A-22) 
was prepared by glass beading and was coated with Keeler & Long white epoxy paint No. 3500, which is 
Kolor-Poxy Self-Priming Surfacing Enamel (Item 40 on Figure A-21). Based on the vendor’s website 
information, the Keeler & Long No. 3500 product is one of a series of products that is classified as a 
protective coating system for nuclear power plants Service Level II, III, and balance of plant.  


With respect to use in the fuel transfer to the ISF Facility, the lid will be exposed to atmospheric 
environments (air, rain, snow) and may be exposed to a potential temperature range of -30°F to 163°F. 
The -30°F corresponds to the lowest temperature during which DOE-ID plans to move fuel. The 163°F 
corresponds to the maximum ambient air temperature expected to occur in the transfer tunnel or fuel 
packaging area (refer to SAR Chapter 4 Table 4.2-50). The low-decay heat values of the fuels are such 
that they will not heat the lid up to 163°F. 


The ISF Facility fuel transfers are a series of dry transfers versus any type of wet fuel pool transfers. As 
such, the coatings will be subjected to normal atmospheric environments. The Keeler & Long technical 
datasheet for the No. 3500 Kolor-Poxy Self-Priming Surfacing Enamel identifies the temperature 
resistance is 350°F. Hence, the coating is compatible with the range of potential environments.  


4.7.3.4 Criticality Evaluation for Spent Fuel Handling Operations 


Chapter 4 of the ISF Facility SAR presents criticality evaluations that address handling and storage 
operations after the Peach Bottom transfer cask has been opened in the Fuel Packaging Area (FPA). 
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The criticality analyses for the fuels when they are inside a closed Peach Bottom transfer cask are 
discussed in this Appendix. 


Criticality analyses were performed (References A-13 and A-14) to confirm that the transfer 
configurations for each fuel type will result in a keff less than 0.95. 


� A summary of the bounding criticality evaluations for each of the three fuel types in a Peach 
Bottom transfer cask is provided in Table A5.1-2. 


� No critical configuration was identified for the Shippingport reflector modules or reflector loose 
rods that would be transferred in the Peach Bottom cask. 


� For the Peach Bottom fuel the maximum number of elements in a given transfer cask is 18 (See 
Sections 4.7.1.2.1 and 4.7.1.2.2 of this Appendix). Since 18 is less than the number of elements 
identified In Table A5.1-2, no critical configuration is identified. 


� For the TRIGA fuel, 90 elements are in a Peach Bottom transfer cask (See Section 4.7.1.2.4 of this 
Appendix.). The criticality analyses show that a change in the transfer packaging configuration is 
required in order to exceed a keff of 0.95. 


For the TRIGA fuel, subcritical conditions are maintained by geometry and configuration control. TRIGA 
fuel geometry and configuration are provided by the 5-position standard TRIGA fuel can (Figure A-38) 
positioned within the TRIGA Bucket (Figure A-31). Three tiers of TRIGA Buckets are then positioned 
axially within the Lighter Weight Storage Canister Assembly (Figure A-27). A Gap Plug (Figure A-39) is 
then placed on top of the third TRIGA Bucket to fill the void in the Lighter Weight Storage Canister 
Assembly. The criticality analysis performed by DOE-ID (Reference A-13) modeled the stainless steel 
five-position standard TRIGA fuel can (Figure A-38) with 1.75-in diameter tubes. Credit is taken for the 
geometry of the five-position standard TRIGA fuel cans. The tubes that make up the cans are assumed to 
retain the fuel, and to remain centered on a circle of 2.977 in. minimum and 3.368 in. maximum diameter. 
No credit is taken for the stainless steel material that composes the tube walls of the fuel cans. The cans 
were modeled in an annulus, with the cans touching. This is closer than the actual configuration of cans in 
the TRIGA bucket, but is conservative. The aluminum TRIGA bucket is neglected except that the cans 
are positioned as if the bucket were present. Two separate drop analyses of the TRIGA fuel in the 
5-position standard TRIGA fuel can (Reference A-3) have been performed. The first represents a 27-foot 
vertical drop with a bottom end orientation only. The second represents a 10-foot side drop. The 
conclusions of the analyses are that the welds joining the end fixtures to the standard aluminum and 
stainless steel TRIGA elements cannot be shown conclusively to remain intact during the two postulated 
drops. Regardless of weld performance, the fuel cylinders themselves will be protected by the graphite 
reflectors; will remain intact; and will remain confined to the individual tubes of the 5-position standard 
TRIGA fuel can. The 5-position standard TRIGA fuel cans will sustain only minor deformation. 


For handling operations within the ISF Facility, the dropping of the Peach Bottom transfer cask is not 
considered to be a credible event (Refer to Sections 8.1.1.2 and 8.2.1.2 of this Appendix). Since no 
credible event has been identified that would result in a change to the geometry or configuration of the 
TRIGA fuel, subcritical conditions are maintained. 
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5.0 OPERATION SYSTEMS 


5.1 OPERATION DESCRIPTION 


The procedures in Section 5.1.1 of the ISF Facility SAR address the extent of cask operations within the 
ISF Facility. Further details regarding loading of the PB-1 and PB-2 casks at the INTEC dry fuel storage 
facilities have been provided in References A-9 through A-12. 


5.1.1 Narrative Description 


This topic is addressed in the ISF Facility SAR. 


5.1.2 Flowsheets 


This topic is addressed in the ISF Facility SAR. 


5.1.3 Identification of Subjects for Safety Analysis 


5.1.3.1 Criticality Prevention 


This section summarizes the principal design features, procedures, and special techniques used to 
preclude criticality in the PB transfer cask. 


An overview of this criticality prevention has been prepared by taking Table 3.3-5, Control Methods for 
Prevention of Criticality from the ISF Facility SAR and identifying principal design features, procedures, 
and special techniques associated with each control method. This overview is provided in Table A5.1-1, 
Summary of Criticality Prevention, of this Appendix. Control methods that are neither planned procedures 
nor principal design features have been classified as “special techniques” in this subsection. 


Additional discussion of the criticality calculations and results can be found in the ISF Facility SAR 
Chapter 4 (Sections 4.2.3.3.7, 4.7.3.4, Appendix 4A) and Chapter 8. 


Technical Criteria Associated with the Control Methods 


The technical criteria associated with the control methods for prevention of criticality are summarized 
below: 


No Mixing of Fuel Types. The criticality evaluations assume no mixing of the fuel types in the DOE-ID 
provided transfer cask (i.e., Peach Bottom, TRIGA, and Shippingport). For purposes of the following 
criticality discussion, the Peach Bottom Core 1 and Peach Bottom Core 2 fuels will be considered as one 
type even though their packaging configurations differ. 


Number of Fuel Elements. Bounding criticality evaluations were performed for each of the fuel types to 
identify the minimum number of fuel elements and the spacing among the elements that is required to 
result in a configuration with keff greater than 0.95. Both dry and flooded conditions were evaluated in 
order to address normal, off-normal, and accident conditions. These cases are summarized in 
Table A5.1-2 of this Appendix. These criticality evaluations were performed (Reference A-13 and A-14) 
for INL onsite transfer of SNF using Peach Bottom casks. 
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Mass of Loose Material. The evaluations also considered SNF as loose material. Peach Bottom fuel is 
considered for this case since the cladding of the Shippingport reflector modules and TRIGA fuel 
elements would retain any loose material. In the dry condition, 36 crushed Peach Bottom fuel elements 
were needed to achieve a keff of 0.902.  


Physical Separation of Sets of Fuel Elements. One method of criticality control is to ensure, through 
engineered physical separation, that fuel elements cannot be physically brought closer together into 
configurations that result in keff exceeding 0.95. 


Geometric Control Provided by Canister and Packaging Structure. One method of criticality control 
is to ensure through control of fuel geometry with engineered features of the canister and packaging 
structures such that fuel elements cannot be physically arranged in configurations that result in keff 
exceeding 0.95. 


Use of Burnup Credit. Not used. 


Use of Burnable or Fixed Neutron Absorbers (Poisons). Not used. 


5.1.3.1.1 Fuel in Transfer Cask 


The principal design features, procedures, and special techniques that provide limitations on the amount 
of fissile materials and engineered safety features when the fuel is in the Transfer cask are provided 
below. Criticality analyses for the fuel configurations while in the Transfer Cask were performed 
(Reference A-13 and A-14). 


No Mixing of Fuel Types 


No mixing of fuel types is achieved through the following special techniques and procedures. 


Special Technique. The Peach Bottom fuel will be shipped first. The Shippingport reflector modules will 
be shipped second. The TRIGA fuel will be shipped third. This shipping schedule sequence is the first 
step to prevent mixing of fuel types. 


Procedure. A fuel manifest to be provided with each shipment. This document will be prepared under the 
ISFSI Quality Assurance Program (Ref A-24). Completion, checking, and approval of this manifest 
should serve to identify inadvertent mixing of fuel types. The manifest will be reviewed against license 
requirements and accepted prior to commencement of cask unloading operations. 


Procedure. The fuel repackaging is planned as separate campaigns. The FPA is configured differently for 
each of the fuel types. When the transfer cask is opened, if the packaging is not consistent with the fuel 
type shown on the manifest, the fuel transfer operation will cease. The transfer cask will be bolted closed 
and returnedfor reuse.. 


Number of Fuel Elements 


A control on the number of fuel elements in the transfer cask is achieved through the following special 
technique. 
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Special Technique. As stated in Section 3.1.1 of the ISF Facility SAR, the Shippingport reflector 
modules contained no fissile material at beginning of life. Further, as described in the ISF Facility SAR, 
Chapter 4, Appendix 4A, Criticality Models, the amount of enrichment that occurred during reactor 
operations results in this fuel containing insufficient fissile material to reach a keff of 0.95 or greater. 
Hence, there is no limit on the amount of Shippingport Reflector modules in the transfer cask with respect 
to maintaining subcriticality. The number of Peach Bottom and TRIGA fuel elements that can be placed 
in a transfer cask are limited by the design of the baskets and fuel containers that are loaded into the 
transfer cask. The fuel packaging for each fuel type is discussed in Section 4.7.1.2 of this Appendix.  


Mass of Loose Fissile Material 


Special Techniques. For the different fuel types, the separation of the uranium from the fuel matrix is 
considered unlikely based on the manufacturing processes associated with the respective fuel matrix. 
DOE-ID has performed analyses (Ref. A-14) to determine the mass of Peach Bottom Core 1 and Core 2 
fuel required to achieve keff greater than 0.95. These analyses assumed the fuel elements were completely 
rubblized. Assuming dry conditions greater than 18 elements of Peach Bottom Core 1 fuel and greater 
than 12 elements of Peach Bottom Core 2 were required to exceed a keff of 0.95. Since the Peach Bottom 
Core 1 shipments are limited to 18 elements, and Peach Bottom Core 2 shipments will not exceed 12 
elements, no special techniques are required. Shippingport reflectors and TRIGA elements must be intact 
as part of the acceptance criteria for preparing them for transfer. The cladding of the Shippingport 
reflectors and TRIGA fuel elements prevent the occurrence of loose fissile material. 


Physical Separation of Sets of Fuel Elements by Engineered Features and Geometric 
Control Provided by DOE-ID Canister and Packaging Configurations 


Special Technique. During the Shippingport repackaging campaign, criticality control is maintained by 
the radionuclide composition of the reflector. Therefore physical separations of sets of reflector elements 
and geometric control are not required. 


Principal Design Features. The canister and packaging configurations for Peach Bottom and TRIGA 
fuels are required to provide the necessary geometry control and configuration to ensure that criticality 
safety requirements of the ISF Facility are met. Drop analyses on the Peach Bottom cask (Reference A-2) 
as well as the Peach Bottom cask containing Peach Bottom and TRIGA fuel containers (References A-3, 
A-5, and A-6) have been performed. The results of these analyses have shown that the containers provide 
physical separation of all sets of fuel elements and maintain geometric control. For the Shippingport 
reflector modules, there is insufficient fissile material for a criticality concern, therefore, no design 
features are required. 


5.1.3.2 Chemical Safety 


Not applicable to the Peach Bottom cask. 


5.1.3.3 Operation Shutdown Mode 


This topic is addressed in the ISF Facility SAR. 







ISF FACILITY 
SAR Appendix A 


Rev. 4 
Page A-25 


5.1.3.4 Instrumentation 


The Peach Bottom casks are each fitted with four quick disconnect fittings. These are located within the 
Peach Bottom cask trunnions (see Figure A-5). 


5.1.3.5 Maintenance Techniques 


The Peach Bottom cask maintenance is controlled and administered  through DOE-ID’s support 
contractor. Routine inspections performed on the Peach Bottom cask are summarized in Section 4.5 of 
this Appendix. 


5.2 FUEL HANDLING SYSTEM 


This topic is addressed in the ISF Facility SAR. 


5.3 OTHER OPERATING SYSTEMS 


Not applicable to the Peach Bottom transfer cask. 


5.4 OPERATION SUPPORT SYSTEMS 


Not applicable to the Peach Bottom transfer cask. 


5.5 CONTROL ROOM AND CONTROL AREAS 


Not applicable to the Peach Bottom transfer cask. 


5.6 ANALYTICAL SAMPLING 


This topic is addressed the ISF Facility SAR. 


6.0 SITE-GENERATED WASTE CONFINEMENT AND MANAGEMENT 


The transfer of SNF to the ISF Facility in the Peach Bottom-1 and Peach Bottom-2 casks will not create 
any waste at the ISF Facility beyond those described in Chapter 6 of the ISF Facility SAR. 


7.0 RADIATION PROTECTION 


7.1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE ALARA 


This topic is addressed in the ISF Facility SAR.  


7.2 RADIATION SOURCES 


This topic is addressed in the ISF Facility SAR. 
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7.3 RADIATION PROTECTION DESIGN FEATURES 


7.3.1 Installation Design Features 


This topic is addressed in the ISF Facility SAR. 


7.3.2 Shielding 


The Peach Bottom cask is used to transfer the fuel to the ISF Facility. The cask was originally designed to 
shield irradiated and unirradiated fuel such that the radiation levels on contact do not exceed 
200 mrem/hr. Shielding analysis was performed, as documented in Section 7.3.2 of the ISF Facility SAR, 
to determine the dose rates for handling TRIGA fuel. The TRIGA source term was selected because it 
provides the bounding photon flux for all fuel types (see ISF Facility SAR Section 7.3.2). This 
configuration included the maximum 90 TRIGA elements that transfer in the cask. The results of the 
shielding analysis show that the expected surface dose rates are well within the Peach Bottom cask design 
criteria of 200 mrem/hr on contact. The peak combined dose rate at contact will be less than 33 mrem/hr. 


7.3.3 Ventilation 


Not applicable to the Peach Bottom transfer cask 


7.3.4 Area Radiation and Airborne Radioactivity Monitoring Instrumentation 


This topic is addressed in the ISF Facility SAR. 


7.4 ESTIMATED ONSITE COLLECTIVE DOSE ASSESSMENT 


This topic is addressed in the ISF Facility SAR. The calculated dose rates within the ISF Facility for the 
Peach Bottom cask is 11.2 mrem/hr at 1 foot for the bounding TRIGA fuel. 


7.5 HEALTH PHYSICS PROGRAMS 


This topic is addressed in the ISF Facility SAR. 


7.6 ESTIMATED OFFSITE COLLECTIVE DOSE ASSESSMENT 


This topic is addressed in the ISF Facility SAR. The ISF Facility controlled area boundary is 13,700m 
from the facility; therefore, dose rates at the offsite boundary are considered insignificant for normal 
transfer activities. Offsite dose calculations resulting from a cask drop accident have been performed that 
to result in only 0.02 mrem TEDE (Reference A-7). 


8.0 ACCIDENT ANALYSES 


Credible off-normal events and accidents within the ISF Facility are discussed in the ISF Facility SAR. 
Supporting analyses have been prepared to address bounding off-normal events and accidents specific to 
transfer operations associated with the Peach Bottom cask containing SNF. This chapter of the Appendix 
discusses off-normal and accident conditions involving the cask that could occur within the ISF Facility. 
The historical Peach Bottom cask safety analysis report (Ref A-16) for packaging and the analyses 
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performed (References A-2 through A-14) have been incorporated into the off-normal and credible cask-
handling accidents that could occur at the ISF Facility discussed in the following sections. 


8.1 CASK OFF-NORMAL OPERATIONS AT ISF FACILITY 


The following off-normal events are postulated and evaluated for the Peach Bottom casks at the ISF 
Facility. These off-normal scenarios and their respective evaluations have been compared with the 
analyses (References A-2 through A-14) to confirm that the analyses are bounding for credible and 
postulated off-normal events at the ISF Facility involving the Peach Bottom cask. 


8.1.1 Transfer Cask Events 


8.1.1.1 Cask Pressurization 


Misventing of a pressurized cask is evaluated in Section 8.1 of the ISF Facility SAR. Additional 
information on the impact of pressurization on the Peach Bottom casks follows. 


Before transfer to the ISF Facility, the transfer cask is loaded under atmospheric conditions. It is unlikely 
that the transfer cask is capable of retaining an internal pressure since the O-rings will not be installed for 
fuel transfers to the ISF Facility. 


Pressure rise in the transfer cask during movement from the INTEC to the ISF Facility would result 
primarily from heating of the transfer cask airspace from internal and external heat sources. A breech 
during transfer of a fuel container could contribute to a limited additional pressure rise from the gas used 
to backfill the container. However, due to the short transfer distance and container inspection before 
transfer, failure is not expected. Due to the mass of the transfer cask and the relatively short transportation 
time, significant pressurization of the transfer cask is not expected under normal conditions.  


To determine a bounding off-normal cask pressure, the cask is assumed to be loaded at the off-normal 
temperature of -40�F at atmospheric pressure. The Safety Analysis Report submitted with the application 
for a Certificate of Compliance for the Peach Bottom Cask (Reference A-16) performed a thermal 
evaluation of the cask assuming 130�F ambient air temperature, full solar insolation, and an internal heat 
load of 14, 250 BTU/hr. Under these conditions, the average internal temperature of the cask was 
calculated to be approximately 315�F. These conditions are more extreme than will be encountered for 
the ISF Facility transfers since the internal heat load is approximately an order of magnitude less than that 
used in the application for a COC, and the off-normal ambient air temperature is only 101�F. Using the 
ideal gas laws, the internal transfer cask expansion from increasing the temperature from -40�F to 315�F 
was estimated, to conservatively bound any realistic conditions for this configuration. The internal 
volume of the transfer cask for this temperature change is conservatively assumed to remain unchanged. 
Using the ideal gas law: 


(P1V1)/T1 = (P2V2)/T2 ;  or  P2 = ((T2V1)/(T1V2)) x P1 


Where: P1 = 14.7 psia or 1 atm; V1 = V2 = Units cancel; T1 = -40�F or 233�K; T2 = 315�F 
or 430.2�K 


P2 = (430.2/233) x 1.0 atm = 1.85 atm or 12.5 psig 
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As discussed above this calculation is very conservative. Even under this very conservative evaluation the 
pressure increase is significantly less than the 100 psig rating of the cask. 


This event involves no change to the fuel or structural integrity configuration. Hence, there is no change 
in criticality, confinement, or retrievability of the spent nuclear fuel. 


8.1.1.2 Cask Drop Less Than Design Allowable Height 


This event is evaluated in Section 8.1 of the ISF Facility SAR. Additional information on the impact of a 
drop on the Peach Bottom casks follows. 


Dropping the Transfer Cask during handling is not considered a credible off-normal event. The cask 
receipt crane and interfacing lifting devices are designed in accordance with the guidance contained in 
NUREG-0612 (Ref. A-19). The cask receipt crane is designed in accordance with NUREG-0554, Single-
Failure-Proof Cranes for Nuclear Power Plants (Ref. A-18). The cask lifting yoke that is used to lift the 
cask from the transporter and loading into the Cask Trolley is designed as specified in ANSI N14.6-1993 
(Ref.A-20), with the more conservative design margins specified in NUREG-0612 applied. The Peach 
Bottom cask trunnions are evaluated in Section 4.7.3.3.1 of this Appendix and are also demonstrated to 
meet the single failure proof design margins specified in NUREG-0612. Therefore, dropping the transfer 
cask during hoisting operations is not considered a credible event. 


8.1.2 Fuel Packaging Events 


8.1.2.1 Attempt to Lower Fuel Container Into Occupied Fuel Station 


The postulated cause, detection, and analysis of this event are provided in the ISF Facility SAR. The 
analysis identified a maximum impact deceleration force that may be applied to the fuel containers, 
transported in the Peach Bottom cask. The containers were designed specifically for handling and storing 
these fuels. ISF Facility operations associated with these containers will not introduce any unusual 
handling hazards, and the containers are expected to maintain integrity and prevent damage to the fuel 
during these off-normal events. 


8.1.3 Fuel Storage Events 


Not applicable to the Peach Bottom transfer cask 


8.1.4 Waste Handling Events 


Not applicable to the Peach Bottom transfer cask.  


8.1.5 Other Events 


8.1.5.1 Ventilation System Failures 


Not applicable to the Peach Bottom transfer cask. 


8.1.5.2 Loss of External Power Supply for a Limited Duration 


Not applicable to the Peach Bottom transfer cask. 
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8.1.5.3 Off-Normal Ambient Temperatures 


This event is evaluated in Section 8.1 of the ISF Facility SAR. Additional information on the impact of 
off-normal ambient temperatures on the Peach Bottom casks follows. 


The Peach Bottom casks are designed to withstand environmental extremes, including extended off-
normal ambient temperatures, without adverse effects to the fuel. The ISF cask-handling operations are 
bounded by the DOE-ID transportation requirements and evaluations. The thermal analysis presented in 
Safety Analysis for the Shipment of Peach Bottom No. 1 Irradiated Fuel Elements in Whitehead & Kales 
Shipping Cask Model No. PB-1 (Ref. A-16) assumed a cask heat load of 14,250 Btu/hr decay heat plus 
3540 Btu/hr insolation. Under normal conditions of transport with ambient air temperature between –40�F 
and 130�F were assumed for the analysis. To maximize the cask temperature extremes, the cask was 
assumed to be exposed to direct sunlight when ambient air temperature was 130�F, and shade was 
assumed when temperature was -40�F. These temperatures bound the off-normal external air temperature 
range of the ISF Facility (-40�F to 101�F). The calculated maximum temperatures in the Peach Bottom-1 
cask were based on the highest ambient temperature (130�F with solar insolation): 


hottest fuel canister temperature: 450�F 


hottest basket temperature:  375�F 


cask outer shell temperature:  240�F 


cask outer overlay shell temperature: 200�F 


The Peach Bottom-1 cask analysis assumes a cask is loaded with 19 Peach Bottom elements, each with a 
maximum decay heat of 750 Btu/hr. The maximum total heat load in the cask is then determined by 
multiplying the number of fuel elements by the maximum per element decay heat rate. The maximum 
cask heat load from the SNF is 14,250Btu/hr (4176 watts). The Peach Bottom 1 basket structure is 
fabricated from aluminum tubes and plates. 


This can be considered a bounding thermal analysis for the Peach Bottom-1 cask when used to transfer 
Peach Bottom 1 and 2 fuel, TRIGA aluminum or stainless clad fuel, and Shippingport reflector modules. 


The thermal load of the Peach Bottom 1 cask when delivering ISF fuel elements is shown in 
Table A8.1-1. 


The highest incoming heat load in the Peach Bottom 1 cask is 12 Peach Bottom Core 2 elements. At 
approximately 40 watts, this is two orders of magnitude less than the maximum design heat load for the 
Peach Bottom-1 cask. Therefore the ISF fuel heat loads will not challenge the thermal and structural 
performance of the Peach Bottom-1 cask.  


8.1.6 Radiological Impact From Off-Normal Operations 


This topic is addressed in Section 8.1 and Table 8.1-1 of the ISF Facility SAR. 
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8.2 ACCIDENTS 


The following accidents are postulated and evaluated for the Peach Bottom casks at the ISF Facility. 
Transfer Cask Events 


8.2.1.1 Vehicular Collision With Transporter 


Cause of Accident 


Collision of a vehicle with a Peach Bottom cask during transfer from the ISF site boundary fence to the 
Cask Receipt Area is postulated to occur as a result of human error. Impact of the transporter with the ISF 
Facility structure is addressed in Section 8.2 of the ISF Facility SAR. Impact between the cask transporter 
and another vehicle is discussed below. 


Accident Analysis 


As discussed in Chapter 2 of the ISF Facility SAR, the ISF Facility is on a controlled site where vehicle 
access is restricted. The closest public highway with uncontrolled access is approximately 10 miles from 
the ISF. Roads closer to the ISF are access controlled. Therefore, collisions with vehicles originating from 
offsite are not postulated to occur. 


Onsite ISF traffic is minimal, and is administratively controlled during spent fuel transfer activities. 
However, a vehicular collision with the Peach Bottom transfer cask transport vehicle could be postulated. 
Any postulated accident would occur between the site fence and the facility entrance and would be 
limited with respect to speed, frequency, and consequences by the short distance and the site control 
procedures. The potential frequency and consequences would be conservatively bounded by postulated 
transportation accidents during transit to the ISF site. The Peach Bottom casks were previously licensed 
for over-the-road highway transport under COC No. USA/6375/B( )F (Ref A-23) and, as such, were 
demonstrated to withstand postulated transportation accidents. The analyzed configuration included the 
use of the cask impact limiters. The safe transportation of the Peach Bottom transfer casks without 
installed impact limiters has been demonstrated in the analyses (Reference A-2). 


Radiological Consequences 


The PB Cask drop evaluation discussed in Section 3.3.2.1.1 of this Appendix bound the radiological 
consequences from this postulated event. 


8.2.1.2 Transfer Cask Drop Scenarios 


8.2.1.2.1 Transfer Cask Drop During Hoisting Operations 


This accident is evaluated in Section 8.2 of the ISF Facility SAR. The evaluation of the cask trunnions to 
NUREG-0612 criterion was presented in Section 4.7.3.3.1 of this Appendix. No additional analysis was 
performed for this postulated ISF Facility cask drop since the lifting configuration described in the ISF 
Facility SAR ensures that a drop is not credible, as summarized in Section 8.1.1.2 of this Appendix. 
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8.2.1.2.2 Transfer Cask Drop Off the Transport Trailer 


The transport trailers for the transfer casks (Trailer No. 71801 and 71808) were not classified as important 
to safety since they do not provide functions associated with confinement, criticality control, heat 
removal, or protection of the fuel containers. In addition, no credible failure of a transport trailer has been 
identified that would prevent the transfer cask from performing its important to safety functions during 
spent fuel transfer to the ISF Facility. 


As part of the original safety analysis prepared in support of the original COC (Ref A-16), analyses of a 
30-foot drop onto a hard-unyielding surface in end, side, and corner orientations were provided in order to 
demonstrate the cask’s performance in meeting 10 CFR Part 71 acceptance criteria. This analysis 
included consideration of the dampening effect from impact limiters. 


An updated analysis for a Peach Bottom cask drop without impact limiters (Reference A-2). The purpose 
of the analysis was to evaluate the capability of the cask structure to maintain a confinement barrier for 
the enclosed contents during the drop scenarios considered. The drop analysis was performed for two 
different cask configurations. The first configuration is Peach Bottom Cask configured to transfer the 
Peach Bottom Core 2 fuels, Shippingport reflector modules, and TRIGA fuels. The cask configurations 
for each of these are shown on Figures A-2 through A-4, respectively. The second Peach Bottom cask 
configuration is used to transfer the Peach Bottom Core 1 fuel, which is shown on Figure A-1. The worst-
case cask loadings were used for each of these configurations. For the first configuration, a Shippingport 
package weight of 10,000 pounds was assumed. For the second configuration a 3260 pound loaded 
weight of the basket/canister assembly was used. Three drop scenarios were selected as bounding for the 
planned operations and shipping configurations. These scenarios are: 


a) A 27 foot drop using configuration 1 described above. This analysis was based on installation of the 
original lead-filled lids retained with eight bolts in each lid. 


b) An 8 foot drop using configuration 1 described above. This analysis was based on installation of the 
original lead-filled lids retained with eight bolts in the top lid and four bolts installed in the bottom 
lid. 


c) An 8 foot drop using configurations 2 described above. This analysis was based on installation of a 
solid carbon steel top lid with eight bolts installed and the original lead-filled bottom lid with only 
four bolts installed. 


These above analyses were performed based on impact on an unyielding surface. An analysis associated 
with a 10 foot drop onto a concrete surface was also performed. The results of these analyses concluded 
that cask confinement barrier capability was maintained. 


8.2.1.3 Transfer Cask Tipover 


This topic is addressed in the ISF Facility SAR.  


8.2.1.4 Cask Trolley Collision Events 


This accident is evaluated in Section 8.2 of the ISF Facility SAR. Additional information on the impact of 
a cask trolley collision on the Peach Bottom cask follows. 
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The cask trolley is used to move the loaded cask into the ISF Facility’s Transfer Tunnel and to return the 
empty cask to the Cask Receipt Area of the ISF Facility. The cask trolley rides on rails. This limited 
movement path prevents any credible impacts on the structural members or fixed location components. 
However, the ISF Facility’s inner and outer Transfer Tunnel doors and canister trolley operate on the 
same track, and therefore are potential impact sites during movement of the cask trolley. Proximity 
sensors in the Transfer Tunnel provide positional information for control and operational interlock 
functions and initiation of speed controller functions (deceleration, etc.) to facilitate accurate positioning 
at each trolley stopping station. Over travel of the trolley is prevented by end-of-travel shunt limit 
switches hardwired into the drive contactor control circuit. In addition, bumpers at each end minimize 
impact against the canister trolley, rail-mounted end stops, or inadvertently closed doors. The cask trolley 
is designed for impacts at velocities up to the maximum operating speed of 10 fpm without damage to the 
trolley or cask. The cask trolley impact against the rail stops or canister trolley will be minimized by 
bumpers designed for an average rate of deceleration of 4.7 ft/sec2 (0.15 g) in accordance with CMAA 70 
(Ref. A-27). The resulting stresses on the cask from this deceleration are well within the bounds of a 
3-foot side drop previously analyzed in the Safety Analysis for Shipment of LWBR Fuel in the Peach 
Bottom BP-2 Cask from ECF to ICPP (Ref A-26). That analysis resulted in a “g” loading on the cask of 
41.5 g. The analysis demonstrated that the trunnion would partially crush but the cask outer shell would 
not puncture, the impact would not result in a permanent bend in the shell, and the shell welds would not 
yield. Thus a 0.15 g force that would result from a Cask Trolley collision event will cause no significant 
damage to the cask. 


8.2.2 Fuel Packaging Events 


8.2.2.1 Failure of DOE-ID Fuel Container During Handling 


This accident is evaluated in Section 8.2 of the ISF Facility SAR. Additional information on the impact of 
a fuel container failure follows. 


This accident consists of dropping a fuel container from the maximum height of the ISF Facility’s fuel 
handling machine (FHM) into the Peach Bottom cask, or onto the FPA floor. The loaded fuel containers 
are handled by single-failure-proof lifting devices as described in Section 4.7 of the ISF Facility SAR. 
The structural integrity of the fuel container attachment points to the suspension system, and capability to 
support the postulated loads have been analyzed and shown to be acceptable for loading into the Peach 
Bottom cask and transfer to the ISF Facility.  


The consequences of a drop event involving the fuel containers have been analyzed. At the ISF Facility, 
lifting of these fuel containers only occurs from the Transfer Cask into the FPA or within the FPA. A 
drop of a fuel container would not create a criticality concern as discussed in Section 4.7.3.4 of this 
Appendix. The drop could result in damage to the fuel and the fuel container, but the release of 
radioactive material would occur within the confinement barrier of the FPA, thereby minimizing the 
release to the environment. Section 8.2.4.5 of the ISF Facility SAR provides a discussion of the 
Maximum Hypothetical Accident Dose.  


8.2.2.2 Drop of ISF Basket During Handling 


Not applicable to the Peach Bottom transfer cask. 
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8.2.2.3 Canister Trolley Movement in Raised Position 


Not applicable to the Peach Bottom transfer cask. 


8.2.3 Fuel Storage Accidents 


Not applicable to the Peach Bottom transfer cask. 


8.2.4 Other Postulated Accidents 


8.2.4.1 Adiabatic Heatup 


Not applicable to the Peach Bottom transfer cask. 


8.2.4.2 Loss of Shielding 


Postulated events that could impact shielding on the transfer cask include vehicular collision with the 
transporter, transfer cask drop or tipover, fire and explosion, or tornado missile impact, all of which are 
covered in subsections of 8.2 of this Appendix. 


8.2.4.3 Building Structural Failure onto Structures, Systems, or Components 


This accident is evaluated in Section 8.2 of the ISF Facility SAR. Additional information on the impact of 
building structural failure on the Peach Bottom casks follows. 


Failure of the building structures is not considered credible due to natural phenomena or overstressing of 
lifting mechanisms. However, the truck used for transporting the Peach Bottom casks containing SNF 
could hit the Cask Receipt Area structure. ISF procedures limit the use and speed of vehicles within the 
controlled area to minimize the potential for vehicle impact. A cask drop could result from an impact to 
the structure with sufficient force to cause structure damage. The only scenario with a cask in the elevated 
position, and with the potential for sufficient vehicle speed (and therefore sufficient impact energy), 
would occur while loading the empty cask on the truck for return. As there would be no SNF involved, 
there would be no significant radiological consequences. A transporter impact event involving a loaded 
cask could only occur while the cask was on the truck and the truck was being moved into the facility. In 
this event, cask drop would be minimized and the fuel container would be protected by the transfer cask. 
The scenario would be bounded by the analyzed cask drop accident (Reference A-2). Once unloading of 
the cask begins, the truck moves slowly and in limited increments within the Cask Receipt Area. 


8.2.4.4 Fire and Explosion 


This accident is evaluated in Section 8.2 of the ISF Facility SAR. Additional information on the impact of 
fire and explosion on the Peach Bottom casks follows. 


For fire hazard evaluation purposes, the ISF Facility is divided into three fire areas, each of which is 
divided into multiple fire zones. Fire Area 1, which includes the Transfer Tunnel through which the cask 
passes, and Fire Zone 1 of Fire Area 3, which includes the Cask Receipt Area, are of primary concern for 
cask operations. Fire and explosion hazards for the ISF Facility are discussed in depth in Section 8.2.4.4 
of the ISF Facility SAR. 
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The worst-case fire loading in the areas of the ISF Facility where the Peach Bottom cask is handled 
amounts to less than a 30-minute equivalent fire duration. This is not a safety concern for the Peach 
Bottom casks, as the original Peach Bottom cask safety analysis (Ref A-16) for the Peach Bottom fuels 
demonstrated that the cask met the regulatory criteria of 10 CFR 71 for the hypothetical fire accident. 
After exposure to a 1475�F fire for 30 minutes, the maximum temperature of the lead shielding and inner 
liner of the cask was 426�F. Since lead melts at 621�F, no lead melt occurs and there is no loss of 
shielding integrity. Because the maximum fire duration will be less than 30 minutes based on combustible 
loading, the cask inner liner and fuel temperatures will be less than 426�F. 


8.2.5 External Events 


8.2.5.1 Loss of External Power for an Extended Interval 


Not applicable to the Peach Bottom transfer cask. 


8.2.5.2 Earthquake 


This topic is addressed in the ISF Facility SAR. 


8.2.5.3 Flood 


This topic is addressed in the ISF Facility SAR. 


8.2.5.4 Extreme Wind 


This accident is evaluated in Section 8.2 of the ISF Facility SAR. Additional information on the impact of 
a tornado on the Peach Bottom casks follows. 


The design basis tornado is analyzed in Section 8.2 of the ISF Facility SAR. Two cases defined and 
analyzed therein involve performance of the Peach Bottom casks to maintain a confinement barrier for the 
SNF. 


Case 1 - Outside Receipt Area 


While a Peach Bottom cask is inside the ISF Facility site boundary but outside of the Cask Receipt Area, it is 
subject to design basis tornado (DBT) winds, missiles and differential pressures. The Peach Bottom cask has 
been analyzed to survive drops of up to 27 feet without loss of the cask confinement barrier. This analysis is 
considered to bound the cases of overturning the cask/trailer by the DBT winds and the DBT missile loadings.


Case 2 - Inside Receipt Area, Peach Bottom Cask on Transporter, Unsecured with Impact Limiters 
Removed 


Case 2 assumes a Peach Bottom cask is on the transporter, but is within the Cask Receipt Area with the cask 
tiedown attachments removed. As in Case 1, the confinement barrier is provided by the cask. DBT loadings 
were utilized in the design of the Cask Receipt Area structure, therefore, this structure is assumed not to fail 
and impact the transfer cask during this event. The impact of non-structural members of the Cask Receipt 
Area (e.g., the sheet metal siding) is bounded by the Spectrum II missiles assumed in the analysis in the ISF 
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Facility SAR, Chapter 8. Therefore, analyses of the DBT loadings remain limited to the loadings identified 
in Table 3.2-1 of the ISF Facility SAR. The evaluations discussed above bound this configuration as well. 


8.2.5.5 Lightning 


This accident is evaluated in Section 8.2 of the ISF Facility SAR. Additional information on the impact of 
lightning on the Peach Bottom casks follows. 


The Peach Bottom casks will be briefly transiting from the ISF Facility gates to the covered Cask Receipt 
Area. The casks will be resting on rubber-tired transporters during the time that they are outside the 
facility. The rubber tires will insulate the cask and transporter from ground, thereby preventing a 
significant surge of electrical current from passing through the cask body in the event of a lightning strike. 


8.2.5.6 Accidents at Nearby Sites 


This topic is addressed in the ISF Facility SAR. 


8.2.5.7 Volcanism – Basaltic Lava Flow 


This topic is addressed in the ISF Facility SAR. 


8.2.5.8 Aircraft Impact 


This topic is addressed in the ISF Facility SAR. 


8.3 SITE CHARACTERISTICS AFFECTING SAFETY ANALYSIS 


This topic is addressed in the ISF Facility SAR. 


9.0 CONDUCT OF OPERATIONS 


Conduct of operations at the ISF Facility is addressed in the ISF Facility SAR. Conduct of operations 
specific to loading of the Peach Bottom casks at fuel storage facilities on the INL site and transfer to the 
ISF Facility site is under the DOE-ID regulatory jurisdiction. An overview of the operations associated 
with the fuel transfer process is provided in Figures A-1 through A-4.  


10.0 OPERATING CONTROLS AND LIMITS 


Operating controls and limits within the ISF Facility are addressed in the ISF Facility SAR.  


11.0 QUALITY ASSURANCE 


Quality assurance relative to the ISF Facility, and operations therein, is the responsibility of DOE-ID 
under the ISFSI Quality Assurance Program (Ref A-24). Quality assurance associated with the Peach 
Bottom transfer casks, and the SNF to be transferred therein, is also the responsibility of DOE-ID. All 
work performed in support of this contract by DOE-ID and/or its support contractor is being performed 
under the ISFSI Quality Assurance Program. 
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With respect to the SNF, a shipping manifest will be provided for each fuel shipment. The manifest will 
be provided to for review as part of the onsite acceptance of the shipment. This manifest will be prepared 
by DOE-ID under the established ISFSI Quality Assurance Program (Ref A-24). 
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Table A3.3-1 
Transfer Cask Key Equipment Selected to Provide Protection to the Spent Nuclear Fuel 


Equipment Name Key Equipment Items Key Design Criteria 
Cask 10 CFR 71 (January 1970) (per 


Ref. A-16) 
3715 Watt internal heat source 
term (per Ref. A-16) 
Welding procedures for cask 
construction “are essentially those 
of the ASME Boilers and Pressure 
Vessel Code Section VIII Unfired 
Pressure Vessels, 1962 Edition” 
(per Ref. A-16) 


Transfer Cask 
– Peach Bottom casks PB-1 and 
PB-2 


Trunnions 10 CFR 71.31 (January 1970) 
(support 3 times the loaded weight) 
(per Ref. A-16) 
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Table A4.7-1 
Peach Bottom Cask Dimensions and Weights(1)(2)


Overall length with lids 170 inches 
Overall length with impact limiters 191 inches 
Cask cavity length 159 inches 
Outside diameter 42.6 inches 
Cask cavity inside diameter 26 inches 
Trunnion span 50 inches 
Trunnion spacing (center-to-center) 12 ft-10 inches(2) 
Trunnion outside diameter 8 inches 
Trunnion length 4 inches 
Cask lid thickness 7 inches (original configuration) 


6.25 inches (new A36 steel top lid) 
Cavity wall inner thickness 0.25 inches 
Cask outer wall thickness 1.5 inches 
Outer skin (cladding) thickness 0.25 inches 
Lead shielding thickness 6.25 inches in central 110-inch section of cask length; 


5.25 inches for 24.5-inch length from bottom of cavity at each 
end 
4.0 inches at each end lid (original configuration) 


Impact limiter length (ea.) 9 inches 
Lid bolt diameter 1.25 inches 
Cask body weight 53,110 lb 
Cask lid weight (ea.) 1,995 lb (original lead-filled design) 


~1,841 lb (new A36 steel top lid) 
Total cask weight (empty) 58,260 lb (original with impact limiters) 


57,100 lb (original w/o impact limiters) 
~56,946 lb (with new A36 steel top lid and w/o impact limiters) 


Notes: 


(1) Dimensions from Peach Bottom cask design drawings in Figures A-5 through A-7 and from Reference A-16. 
(2) PB-1 and PB-2 actual dimensions have been field-verified and are shown on Figures A-32 through A-34). 
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Table A4.7-2 
Peach Bottom Cask Construction Materials


Cask body Carbon steel, AISI 1025 (original material) 
Cask body outer skin Stainless steel, Type 304 (replacement material) 
Inner cavity shell Stainless steel, Type 304 (original material) 
Trunnions Stainless steel, Type 304 (original material) 
Trunnion reinforcing plates Stainless steel, Type 304 (original material) 
Cask Top Lid #1(1) 6.25” thick, carbon steel, Type A36 (INEEL design) (new 


material) 
Cask Top Lid #2(2) 4” lead sandwiched between two plates of 1.5” Type 304 


stainless steel (original materials) 
Cask Bottom Lid 4” lead sandwiched between two plates of 1.5” Type 304 


stainless steel (original materials) 
Cask closure lid bolts ASTM A-276, UNS 21800 (Nitronic 60) (new material)  


Notes: 


(1) Top Lid #1 to be used only with Peach Bottom Core 1 fuel canisters. 
(2) Top Lid #2 to be used for all other fuel transfers. 
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Table A4.7-3 
Transfer Cask Materials Mechanical Properties 


Temperature ˚F
Material Property Unit 70 100 200 300 400 500 
Cavity shell, Trunnions and Trunnion Plates, End Plugs, Cask End Plates (stainless steel portion of the original 


ss/lead/ss sandwich lids) (original materials); Outer Shell Overlay (replacement material): Type 304 Stainless Steel 
Su 103 psi 75 -- 66 62.5 59.0 57.5 
Sy 103 psi 30 -- 26 23.5 21.0 19.5 
E 106 psi 28.3 -- 27.8 27.3 26.7 26.1 
�m 10-6 /°F 8.46 -- 8.79 9.00 9.19 9.37 
� lb/in3 0.290      
�  0.3      


Cask Outer Shell (original material): ASTM A36 (AISI 1025 Carbon Steel used for design properties) 
Su 103 psi 55 -- 52.25 -- 51.7 -- 
Sy 103 psi 36 -- 34.2 -- 32.7 -- 
E 106 psi 29.0 -- 28.13 -- 27.55 -- 
�m 10-6 /°F 6.3 -- 6.3 -- -- -- 
� lb/in3 0.283      
�  0.3      


Top Lid (new material): ASTM A36 Carbon Steel 
Sy 103 psi 36      


Lid bolts (new material): ASTM A-276, UNS 21800 (Nitronic 60) 
Su 103 psi 95.0      
Sy 103 psi 50.0      


Gamma shielding (original material): Cast Lead 
Su 103 psi 5.0      
Sy 103 psi 1.0      
E 106 psi 2.0      
� lb/in3 0.41      


Type 304 Stainless Steel Base Metals & Electrode Materials as Specified in 748-WP-101 
Base Metal (original materials) Electrode Materials (original materials) 


Type Material Su 
Ksi 


Material Su 
Ksi 


(1) Plate ASTM A-167 TP 304 75.0 
(2) Pipe ASTM A-312 TP 304 75.0 


ASTM A-298 E-308-15 lime coated 80.0 


(3) Bars ASTM A-276 TP 304 75.0 ASTM A-371 GR-308 (TIG Process) 80.0 
(4) Plate ASTM A-240 TP 304 75.0 ASTM A-276-65 E-308-L 80.0 


Tungsten electrodes are non-consumable and do 
not become part of a welded joint. 


ASTM B-297 EWTh-2 (tungsten ) N A 
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Table A4.7-4 Sheet 1 of 2
Exceptions to Codes and Standards for the Transfer Casks


Reference Code or Standard 
Section/Article Code or Standard Requirement 


Exception, Justification & 
Compensatory Measures 


ASME Section VIII 1962 Edition, 
Subsection A General Requirements 
UG-5 General. 


(a) Material subject to stress due to 
pressure shall conform to one of the 
specifications in Section II of the 
Code and shall be limited to those 
that are permitted in the applicable 
Part of Subsection C, except as 
otherwise permitted in Paragraphs 
UG-10 and UG-11. 


ASTM A-167 is not listed in the 
1962 Edition of ASME Section VIII 
or Section II. ASTM A-167 had a 
1963 and 1969 edition. A review of 
the Chemical Requirements (Table 
1) and Mechanical Property 
Requirements (Table 2) for Type 
304 in the 1969 Edition shows that 
they are the same as for ASTM A-
240 TP304 in the 1962 Edition of 
Section VIII. In addition, the 
drawings have no specific call out 
for ASTM A-167. Addendum 4 
(dated August 14, 1974) of the 
Safety Analysis Report provides 
actual materials stress properties. No 
further compensatory measures are 
considered necessary. 


ASME Section VIII 1962 Edition, 
Subsection A General Requirements 
UG-5 General. 


(a) Material subject to stress due to 
pressure shall conform to one of the 
specifications in Section II of the 
Code and shall be limited to those 
that are permitted in the applicable 
Part of Subsection C, except as 
otherwise permitted in Paragraphs 
UG-10 and UG-11. 


ASTM A-276 is not listed in the 
1962 Edition of ASME Section VIII 
or Section II. ASTM A-276 had 
1962, 1963, and 1965 editions. This 
standard is for bar stock shapes. The 
only call outs for bar stock are on 
drawings BMI Dwg. Nos. 0029 Rev 
C, 0031 Rev C, and 0037 Rev A. 
The bar stock does not function as 
part of the pressure boundary or a 
load path. No further compensatory 
measures are considered necessary. 


ASME Section VIII 1962 Edition, 
Subsection A General Requirements 
UG-5 General. 


(a) Material subject to stress due to 
pressure shall conform to one of the 
specifications in Section II of the 
Code and shall be limited to those 
that are permitted in the applicable 
Part of Subsection C, except as 
otherwise permitted in Paragraphs 
UG-10 and UG-11. 


ASME A-371 GR-308 (TIG 
Process) is not listed in the 1962 
Edition of ASME Section II 
electrode material. ASME Section II 
1962 Edition contains a specification 
for ASTM A-371. It lists ER-308. It 
is assumed that the GR-308 is the 
same as ER-308. No further 
compensatory measures are 
considered necessary. 
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Table A4.7-4 Sheet 2 of 2
Exceptions to Codes and Standards for the Transfer Casks


Reference Code or Standard 
Section/Article Code or Standard Requirement 


Exception, Justification & 
Compensatory Measures 


ASME Section VIII 1962 Edition, 
Subsection A General Requirements 
UG-5 General. 


(a) Material subject to stress due to 
pressure shall conform to one of the 
specifications in Section II of the 
Code and shall be limited to those 
that are permitted in the applicable 
Part of Subsection C, except as 
otherwise permitted in Paragraphs 
UG-10 and UG-11. 


ASTM A-276-65 E-308-L is not 
listed in the 1962 Edition of ASME 
Section II electrode material. As 
noted above, ASME Section II 1962 
Edition does not contain ASTM A-
276. However, E-308-L is a standard 
electrode used with other ASME 
approved materials. No further 
compensatory measures are 
considered necessary. 
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Table A5.1-1 
Summary of Criticality Prevention for Transfer Cask 


Control Methods for Prevention of Criticality1 Fuel in Transfer Cask 
Limitation on the amount of Fissile Materials 
No mixing of fuel types ST - Shipping schedule 


P - Fuel Shipment Manifest, Separate fuel repackaging 
campaigns 
PDF – Configurations of Canisters and Packaging 


Number of fuel elements ST- Shippingport reflector module composition 
PDF- Configurations of ISF Baskets 


Mass of loose fissile material ST – Fuel manufacturing process 
Engineered Safety Features 
Physical separation of sets of fuel elements by 
engineered features 


ST- Shippingport reflector module composition 
PDF – Canister and packaging structural design 


Geometric control provided by  ST- Shippingport reflector module composition 
PDF – Canister and packaging structural design 


Use of burnup credit Not used  
Use of burnable or fixed neutron absorbers (poisons) Not used 
Notes: 
ST    – Special Technique 
P      – Procedure 
PDF – Principal Design Feature
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Table A5.1-2 
Bounding Criticality Evaluations 


Dry as packed Flooded 


Type of Fuel No. of elements
Optimum
Spacing keff No. of elements 


Optimum
Spacing keff


Shippingport Reflector 
Modules for Type IV and 
Va 


Infinite array of 
pellets 


In contact with 
each other 


0.19 Infinite array of 
rods 


1 inch 0.65


TRIGA Fuel Elements in 
Peach Bottom Caskb


 


65 In contact with 
each other on 
single tier of 


Cask 


0.95 40 0.25 cm 0.95


Peach Bottom Core 1 & 2 
Fuel Elements in Peach 
Bottom Caskc


 


37 In contact with 
each other 


0.65 19 In contact with 
each other 


0.94


Notes: 
1. The FWENC analysis based for flooded condition bounds the DOE-ID evaluations 
2. Bounding case to determine number of TRIGA elements on a single tier to exceed keff  of 0.95 
3. Bounding case for loose, bare elements in a tight-diameter packing. Flooded case assumes saturated 


graphite. (Greater than 37 fuel elements were not considered since the quantity is more than twice the 
largest existing INL fuel storage container. 
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Table A8.1-1 
Peach Bottom Cask Heat Load 


Fuel Type 
Quantity in Peach 


Bottom Cask Fuel Decay heat Cask Heat Load 
Peach Bottom 1 18 elements 0.053 watts per element 0.954 watts 
Peach Bottom 2 12 elements 3.276 watts per element 39.312 watts 
TRIGA 90 elements 0.326 watts per element 29.34 watts 
Shippingport Reflector 
Modules IV 


1 module 9.809 watts per module 9.809 watts 


Shippingport Reflector 
Modules V 


1 module 7.142 watts per module 7.142 watts 


Shippingport Reflector Rods 127 rods 0.043 watts per rod 5.461 watts 
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Figure A-19 
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Figure A-20 
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Figure A-26 
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1.0 INTRODUCTION AND GENERAL DESCRIPTION OF INSTALLATION 


1.1 INTRODUCTION 


During the last 40 years, the U.S. Department of Energy (DOE) and its predecessor agencies have 
generated, transported, received, stored, and reprocessed spent nuclear fuel (SNF) at DOE facilities 
nationwide. This SNF was generated from various sources, including the DOE’s production reactors; 
Naval Nuclear Propulsion Program reactors; government, university, and other research and test reactors; 
special-case commercial power reactors; and foreign research reactors. In 1992, the DOE ceased its 
reprocessing operations. 


Approximately 265 metric tons heavy metal of SNF resides at the Idaho National Laboratory (INL). Most 
of this SNF is in wet storage at a site that overlies the Snake River Plain Aquifer, a major water source for 
the region. A Settlement Agreement dated October 17, 1995, between the DOE, the U.S. Navy, and the 
State of Idaho requires the transfer and dry storage of a portion of these fuels until they can be removed 
from Idaho (Ref. 1-1).


The DOE contracted with Foster Wheeler Environmental Corporation (FWENC) to design, license, 
construct, and operate an Independent Spent Fuel Storage Installation (ISFSI) at the INL to provide 
interim dry storage for a portion of the SNF covered by the Settlement Agreement (Ref. 1-2). FWENC 
designed and licensed the Idaho Spent Fuel Facility under the requirements of 10 CFR Part 72, however 
the DOE decided to modify the contract with FWENC prior to the start of construction and major 
procurements. As part of the contract modification, FWENC has consented to transfer of the NRC license 
to the Department of Energy.  


This Safety Analysis Report (SAR) supports DOE’s license transfer application for the Idaho Spent Fuel 
(ISF) ISFSI under the provisions of Title 10, Code of Federal Regulations (CFR), Part 72.50 (Ref. 1-3). 
The technical content of this SAR is unchanged and was prepared in accordance with U.S. Nuclear 
Regulatory Commission (NRC) Regulatory Guide 3.48. The SAR demonstrates the ISF Facility’s 
compliance with the criteria specified in NUREG-1567 (Refs. 1-4 and 1-5). 


1.1.1 Principal Function of the Installation 


The ISF Facility is designed to provide safe interim dry storage for SNF currently stored or scheduled for 
storage at the INL. The ISF Facility provides interim storage for SNF from the Peach Bottom and 
Shippingport reactors, and a relatively small amount of SNF from Training, Research, and Isotope
reactors built by General Atomics (TRIGA). 


The ISF Facility is designed to receive, repackage, and provide interim dry storage for: 


� 1601.5 elements of Peach Bottom reactor SNF (13.3 percent by weight of total heavy metal) 


� 2971 rods of Shippingport reactor SNF (85.3 percent by weight of total heavy metal) 


� approximately 1600 elements of TRIGA SNF (1.4 percent by weight of total heavy metal) 


The Peach Bottom and Shippingport reactors ceased operation in 1974 and 1983, respectively. Because of 
the lengthy cooling period since final operation, these fuels produce relatively low decay heat compared 
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to typical commercial SNF. The TRIGA SNF originated from TRIGA research reactors worldwide. 
Although the age of the TRIGA SNF varies, it also generates very low decay heat, because of the design 
and operational characteristics of the TRIGA research reactors. 


The ISF Facility provides for receipt and repackaging of the SNF into sealed storage canisters that are 
compatible with the DOE’s program for a standard canister design suitable for disposal at a permanent 
repository. The ISF canisters provide the primary confinement boundary for the SNF. These canisters 
ensure ready retrievability of the SNF and facilitate transfer of the SNF to a repository for eventual 
permanent disposal, without the need for further direct handling or repackaging. 


The loaded and sealed ISF canisters are stored in individual storage tubes that have a bolted lid with 
double metallic seal rings. The storage tubes provide a redundant confinement boundary for the SNF. The 
Storage Area provides radiological shielding, passive natural convection air-cooling, and easily 
retrievable storage capability for the ISF canisters. 


The SNF will remain in storage until a high-level waste geologic repository becomes available. The ISF 
canisters may then be removed from the facility, loaded into a transportation cask (to be licensed in 
accordance with 10 CFR 71), and transported off site (Ref. 1-6). 


1.1.2 Location of the ISFSI 


The ISF Facility is located within the 890-square-mile INL, a DOE-controlled site in southeast Idaho. The 
INL site consists of eight primary facility areas situated on otherwise undeveloped high-desert terrain. 
Buildings and structures are clustered within these primary facility areas, which are typically less than a 
few square miles in size and separated from each other by miles of mostly undeveloped land. 


The ISF Facility is adjacent to the Idaho Nuclear Technology and Engineering Center (INTEC), a DOE 
facility with the mission to receive and store nuclear fuels and radioactive waste. The DOE operates a 
separate ISFSI for the storage of Three Mile Island-2 (TMI-2) SNF within the INTEC. The TMI-2 ISFSI 
is licensed by the NRC (Ref. 1-7). The INTEC occupies about 120 acres of the south-central portion of 
the INL and is approximately 42 miles west of Idaho Falls. The ISF Facility site will occupy 
approximately 8 acres adjacent to the INTEC, as shown in Figure 1.1-1. 


The DOE will transport the SNF from its existing storage locations in the INL to the ISF Facility. The 
SNF transfer will occur completely within the boundaries of the INL and will be conducted in accordance 
with INL procedures and DOE orders. Movement and transfer of SNF within the ISF Facility site will be 
conducted under the provisions of 10 CFR 72 (Ref. 1-3). 
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1.2 GENERAL DESCRIPTION OF INSTALLATION 


The ISF Facility is a fully enclosed building complex that allows for year-round operations to receive, 
store, and as a part of the storage, repackage SNF.  Throughout this Safety Analysis Report (SAR), 
references to the transfer and repackaging of SNF at this facility should be understood to be an integrated 
part of storage.  The ISF Facility consists of three principal areas: the Cask Receipt Area, Transfer Area, 
and Storage Area. A common Transfer Tunnel provides for the movement of SNF throughout the facility 
via rail-mounted trolleys. Figure 1.2-1 shows the external appearance of the facility. 


1.2.1 Cask Receipt Area 


The general layout of the major areas of the ISF Facility is shown in Figure 1.2-2. The Cask Receipt Area 
provides the equipment necessary to transfer incoming DOE Peach Bottom Transfer Casks from truck-
mounted transporters to a rail-mounted cask trolley for subsequent movement into other areas of the ISF 
Facility. The Cask Receipt Area incorporates a single-failure-proof cask receipt crane to lift the Peach 
Bottom Transfer Cask from its transport vehicle and place it on the cask trolley. The cask trolley moves 
within the enclosed Transfer Tunnel that connects the Cask Receipt Area with the Transfer Area and 
Storage Area. The Transfer Area and Storage Area are described below. 


1.2.2 Transfer Area 


The Transfer Area provides the facilities for unloading the SNF from the Peach Bottom Transfer Cask 
and repackaging it into specifically designed ISF canisters. The ISF canisters are constructed of stainless 
steel and are vacuum dried, backfilled with helium, and welded closed to provide an inert storage 
atmosphere for the SNF. 


Under normal circumstances, SNF is handled entirely by remote manipulation within the Fuel Packaging 
Area (FPA), a sub-area of the Transfer Area. SNF is manipulated using a specially designed fuel handling 
machine (FHM) that includes a single-failure-proof hoist and a power manipulator system (PMS). The 
FHM hoist is used to lift and move SNF. Master/slave manipulators (MSM) and the PMS are used to 
perform any required remote manual operations. The FPA also features shielded windows and a closed-
circuit television (CCTV) system to aid operator viewing from the operating gallery outside of the FPA. 


1.2.3 Storage Area 


The Storage Area provides for interim dry storage of the SNF. The Storage Area consists of a passively 
cooled concrete vault housing 246 metal storage tubes, as shown in Figure 1.2-3. The area above the 
concrete vault is an enclosed, metal-sided building that provides weather protection and permits year-
round SNF loading operations. Each storage tube provides interim storage for a single ISF canister. A 
canister handling machine (CHM) moves individual ISF canisters from the Transfer Tunnel to their 
storage tube location, and inserts the ISF canisters into the storage tubes. As shown in Figure 1.2-4, the 
CHM consists of a single-failure-proof bridge crane with an integral shielded transfer cask. After an ISF 
canister is lowered into a storage tube and a shield plug is installed, the storage tube is sealed with a cover 
plate with dual metallic seal rings to provide the redundant, outer confinement barrier during storage. 
Storage tubes are filled with an inert atmosphere to reduce potential corrosion of the ISF canisters during 
storage. Figure 1.2-5 shows a storage tube assembly loaded with an ISF canister, whose internal 
configuration is presented in Figure 1.2-6. 
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1.3 GENERAL SYSTEMS DESCRIPTION 


1.3.1 Fuel Handling Systems 


1.3.1.1 Transfer Tunnel and Trolleys 


The Transfer Tunnel connects the major areas of the ISF Facility. A rail-mounted cask trolley moves the 
transfer cask from the Cask Receipt Area to the Transfer Area, where the SNF is unloaded and 
repackaged into ISF canisters. The cask trolley is also used to move empty Peach Bottom Transfer Casks 
back to the Cask Receipt Area in preparation for their return to the INL. 


A separate canister trolley is used to move the newly loaded ISF canisters within the Transfer Area and to 
move the sealed and loaded ISF canisters from the Transfer Area to the Storage Area. 


1.3.1.2 Cask Receipt Area 


In the Cask Receipt Area, a cask receipt crane transfers incoming SNF shipments, contained in the 
transfer cask, from the transport vehicle to the cask trolley. The crane, a single-failure-proof, fixed-hoist 
system, lifts an incoming Peach Bottom Transfer Cask from the transport vehicle. After the transport 
vehicle leaves the Cask Receipt Area and the cask trolley is moved under the Peach Bottom Transfer 
Cask, the cask receipt crane lowers the Peach Bottom Transfer Cask onto the cask trolley, where it is 
secured and prepared for movement to the Transfer Area. 


1.3.1.3 Transfer Area 


The Transfer Area includes the following areas: 


� FPA, which houses the FHM, where SNF is removed from the incoming Peach Bottom Transfer 
Cask and repackaged into new ISF canisters 


� Canister Closure Area, where ISF canisters are vacuum dried, helium backfilled, and final closure 
welded


� Solid Waste Processing Area, where solid radioactive waste is prepared for shipment to and 
disposal on the INL site 


� Operating gallery, where operators perform remote SNF handling operations 


The FPA is connected to the Transfer Tunnel through ports in the FPA floor. The FHM is a single-failure-
proof bridge crane and hoist with multiple, interchangeable lifting fixtures designed for each SNF fuel 
type and other specific loads. It is used to unload SNF from the Peach Bottom Transfer Cask and place it 
in the appropriate baskets and then into ISF canisters. Operators also use the FHM to remove and replace 
plugs from floor ports, remove existing DOE SNF packages from the Peach Bottom Transfer Cask, load 
SNF into new baskets, and move loaded baskets to new ISF canisters.  


In addition to the FHM, the FPA is also equipped with: 


� Shielded windows supported by MSMs and a CCTV system that allows operators to view the 
FPA from the adjacent operating gallery. 
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� A worktable system for repair or recovery operations. The table provides access to individual 
SNF assemblies in a horizontal orientation and includes tooling used to repackage damaged SNF. 


� Special lifting devices for specific fuel types and non-SNF loads (e.g., port plugs). 


� A decanning machine to cut and remove the top portion of existing DOE SNF canisters to allow 
removal and repackaging of the SNF. 


� A PMS mounted on the FHM to perform non-fuel handling operations such as changing FHM 
lifting fixtures. 


This equipment is used in various combinations to remotely handle and repackage the SNF. 


1.3.1.4 Storage Area 


In the Storage Area, the CHM transfers the ISF canisters from the canister trolley to a storage tube for 
interim storage. The CHM is a single-failure-proof bridge crane with an integral shielded transfer cask 
that provides radiation shielding during ISF canister transfers. 


1.3.2 Auxiliary Systems 


1.3.2.1 Heating Ventilation and Air Conditioning 


Heating, ventilation, and air conditioning (HVAC) systems make work areas comfortable, provide 
environmental control for structure and equipment protection, and control radioactive contamination by 
filtration and by maintaining differential pressures to ensure that air flows from areas of low potential 
contamination toward areas of higher potential contamination. 


The HVAC system is not required to provide cooling or contamination control for the SNF in the Storage 
Area. Decay heat from the SNF is removed by natural convection cooling. 


Potentially contaminated areas are served by a once-through system consisting of a central make-up air-
handling unit, final filters, and exhaust fan. Exhaust air is filtered through at least two stages of high 
efficiency particulate air (HEPA) filtration before discharge to the atmosphere. 


1.3.2.2 Power and Distribution System 


The power distribution system provides electrical power to systems and components. The normal power 
source is the local utility. A standby diesel generator provides backup power to certain systems should the 
main power source become unavailable. 


An uninterruptible power supply (UPS) system conditions selected power supplies and provides power to 
selected components if the normal and standby power sources fail or are interrupted. In the event of an 
earthquake, a switch consisting of seismic sensors in conjunction with shunt trip devices automatically 
isolates the utility/standby source from the UPS source. 


Electrical power is not required to ensure cooling of the SNF during storage. SNF handling equipment 
(e.g., cranes and trolleys) is designed to fail to a safe condition upon loss of electrical power. 
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1.3.2.3 Radiation Monitoring System 


The radiation monitoring and alarm systems: 


� warn operating personnel of direct radiation, including criticality, and airborne radioactivity 
levels above set limits 


� provide local and remote alarms for selected monitors 


� ensure that the inlet duct to the HEPA filters downstream of the FPA is monitored for airborne 
radioactivity before reaching the primary filter 


� provide for monitoring of Peach Bottom Transfer Cask internal atmosphere 


� provide for continuous stack monitoring to detect radioactive particulate in the HVAC air exhaust 
stream 


� provide for stack discharge sampling for gamma radiation 


Dedicated criticality monitoring is provided in the second floor operating gallery and CCA. Although 
engineered features and administrative controls are implemented to preclude an inadvertent criticality 
event, area criticality monitors are used to trigger an alarm. 


Continuous air monitors measure the general level of airborne material in work areas and detect potential 
breakthrough of the HEPA filters downstream of the FPA. Record sampling is performed at the exhaust 
stack. Record samplers provide an accurate count of airborne particulate activity over a period of time by 
drawing ambient air at a known volumetric rate through a small-pore filter, capturing the particulate 
matter. These filters are periodically removed and sent to a laboratory for analysis. 


1.3.2.4 CCTV Monitoring System 


CCTV monitoring is installed in areas where remote operations are performed and direct visual inspection 
is not practical. The CCTV monitoring system may also be used to supplement visual inspection in 
operations areas where viewing is limited. During repackaging, the CCTV system allows for visual 
verification of canister and fuel element identification as well as providing a means to maintain a visual 
record of the verification. 


The CCTV monitoring system also provides for general surveillance of the Storage Area. 


1.3.2.5 Integrated Data Collection System 


The integrated data collection system (IDCS) is a computer-based system capable of monitoring, 
recording, and reporting data provided by systems throughout the ISF Facility. The IDCS receives data, 
displays it for use by system operators, and records it to permanent storage media and/or enters it into 
standardized reports as required by operations. The IDCS has no operational control functions and does 
not replace the data available locally at points of operation throughout the facility. 


1.3.2.6 Radioactive Waste Processing Systems 


The ISF Facility includes two radioactive waste systems: a solid waste processing system for processing 
original DOE SNF canisters and process-generated waste, and a liquid waste processing system for 
handling and storing liquids generated from decontamination activities. 
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1.3.2.6.1 Solid Waste Processing System 


The solid waste processing system is in the waste area, a sub-area of the Transfer Area. This system 
provides the necessary equipment for the handling and packaging activities (size reduction, consolidation, 
and segregation) for radioactive solid wastes. Solid radioactive waste is transferred for disposal to either 
at the Radioactive Waste Management Complex or an appropriate offsite disposal facility. 


Primary waste includes canisters (of carbon steel, aluminum, or stainless steel) used to deliver SNF to the 
ISF Facility. The solid waste processing system includes the capability to cut these canisters into smaller 
sections for packaging. 


Process-generated waste consists of paper, rubber, plastic, rags, machinery parts, tools, vacuum cleaner 
debris, welding materials, and HEPA filters. 


1.3.2.6.2 Liquid Waste Processing System 


Decontamination activities will generate relatively small amounts of liquid radioactive waste. A personnel 
safety shower may also generate decontamination water. The liquid waste processing system handles and 
stores liquid waste prior to delivery to an approved disposal facility.  


Local sumps collect decontamination water. This liquid is then transferred by either gravity drain or a 
mobile pump unit to a liquid waste storage tank. Filter cartridges installed in the mobile pump unit will be 
changed as required and transferred to the Waste Processing Area for disposal as solid radioactive waste. 
Either DOE or a mobile services contractor will treat the soluble portion of the liquid waste in the liquid 
waste storage tanks, using mobile equipment as necessary. A pump is provided to transfer liquid waste 
between the storage tanks or to either DOE or a mobile treatment services contractor. The liquid waste 
will be treated, if required, and either disposed of by DOE on the INL or transported as low specific 
activity waste for off-site processing or disposal. 


1.3.2.7 Fire Protection System 


The fire protection system consists of both active and passive components. Passive components include 
structural items such as firewalls and fire doors, which provide a physical barrier between fire areas and 
allow for safe egress from the facility. Active components include: 


� fire water supply 


� fire hydrants 


� sprinkler systems 


� fire standpipes and hose stations 


� portable fire extinguishers 


� fire dampers 


The INTEC site provides the fire-water supply to the ISF Facility. 
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1.3.2.8 Potable Water Supply System 


The INTEC site provides potable water for drinking and other domestic needs at the ISF site. It also 
provides make-up water to the HVAC chilled-water equipment inside the ISF Facility. 


1.3.2.9 Sanitary Waste Water System 


The sanitary wastewater system encompasses the sanitary drains and sanitary sewer throughout the ISF 
site. It discharges to the INTEC wastewater system. 


1.3.2.10 Compressed Air System 


An air compressor provides the compressed air needs for maintenance activities, inflation of port seals, 
and operation of pneumatic tools inside the ISF Facility. Compressed air connections will be located 
throughout the ISF Facility where operation and maintenance activities occur. 


1.3.2.11 Breathing Air System 


A breathing air compressor and associated cascading and cylinder charging equipment provide breathing 
air to connections throughout the ISF Facility. The system provides breathing air for personnel protection 
within the radiologically controlled areas and potentially contaminated areas that may contain airborne 
radioactive contaminants. 
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1.4 IDENTIFICATION OF AGENTS AND CONTRACTORS 


DOE has assumed overall responsibility for design, licensing, construction, operation, and 
decommisioning of the ISF Facility from FWENC. ISF Facility design was performed by FWENC, under 
contract DE-AC07-00ID13729 to the Department of Energy (modified February 14, 2006), Idaho 
Operations Office. Subcontractors to FWENC included: 


� RWE NUKEM, Ltd., which provides design support associated with the Transfer Area  


� ALSTEC Ltd., which supports design activities related to the Storage Area  


� Utility Engineering, which supports facility operations and general architectural design  


� Tetra Tech FW, Inc., which supports Storage Tube and Canister design 
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1.5 MATERIAL INCORPORATED BY REFERENCE 


The following documents are incorporated in the FSAR by reference: 


Document Document Number 
Emergency Plan PLN-2214 
Decommissioning Plan PLN-2230 
Physical Protection Plan PLN-2215 
Environmental Report ISF-FW-RPT-0032 
Technical Specifications Materials License No. SNM-2512 
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Figure 1.1-1 
Location of the ISF Facility 







ISF FACILITY 
Safety Analysis Report Rev. 4


ISFF SAR CH 1 Rev 4.doc      


Figure 1.2-1 
External Appearance of the ISF Facility 
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Figure 1.2-2 
General Layout of the Major Areas of the ISF Facility 
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Figure 1.2-3 
Storage Vault Configuration 







ISF FACILITY 
Safety Analysis Report Rev. 4


ISFF SAR CH 1 Rev 4.doc      


Figure 1.2-4 
Canister Handling Machine Detail 
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Figure 1.2-5 
Loaded Storage Tube Assembly 
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Figure 1.2-6 
Loaded Canister Assembly 
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2.0 SITE CHARACTERISTICS 


This chapter discusses geography, demography, meteorology, hydrology, seismology, geology, and 
volcanism as they relate to the Idaho Spent Fuel (ISF) Facility, which is adjacent to the Idaho Nuclear 
Technology and Engineering Center (INTEC), and is part of the Idaho National Laboratory (INL). The 
geographical location of the ISF Facility, INTEC, and INL, the population distribution within and around 
the INL, land and water use, and associated site activities are also discussed.  


The discussion of the site characteristics is intended to: 


• Identify external natural and man-made phenomena for inclusion in the design basis. 


• Characterize local land and water use and population such that individuals likely to be affected 
are identified. 


• Characterize the transport processes that could move released contamination from the site to 
individuals/populations. 


The information presented in this chapter that relates to the Idaho intermountain region, INL and INTEC 
is the same information that was presented for the licensing of the TMI-2 Independent Spent Fuel Storage 
Installation (ISFSI) Safety Analysis Report (hereafter referred to as the TMI-2 ISFSI SAR) (Ref. 2-1). 


2.1 GEOGRAPHY AND DEMOGRAPHY OF SITE SELECTED 


The following sections contain information concerning the site geography, population, access 
transportation routes, and land usage. 


2.1.1 Site Location 


The ISF Facility site is adjacent to the INTEC, on the INL. The INL is one of nine multi-program 
laboratories in the U.S. Department of Energy (DOE) complex. The INL area measures approximately 
60.3 kilometers (37 miles) north to south and about 56 kilometers (34.8 miles) east to west and 
encompasses 2300 square kilometers (890 square miles). It is in Idaho at the southeast foot of the Lost 
River, Lemhi, and Beaverhead Mountain ranges of the northwest edge of the Snake River Plain, Idaho. 
Figure 2.1-1 depicts the location of the INL in relation to Idaho and adjacent states, and Figure 2.1-2 
shows the location of the INL relative to surrounding counties. Most of the INL is within Butte County, 
but portions are also within Bingham, Bonneville, Jefferson, and Clark counties. The ISF site and INTEC 
are totally within Butte County. 


The ISF site is at 43°–34’-05” north latitude, 112°–55’-41” west longitude. The Universal Transverse 
Mercator coordinates of the ISF site are 344,293 meters east by 4,825,722 meters north. The ISF site is 
approximately 7.80 acres, as shown on Butte County, Idaho, Section 19 map (T 3 N., R 30 E., B.M.), with 
the northeast corner located at State Plain Coordinates N 694362.62, E 454717.32. The ISF site property 
is controlled by the DOE. Four major all-weather highways serve the INL. The Union Pacific Railroad 
crosses the southwest corner of the INL, and a spur line provides interchange for facilities on the INL. 
Idaho Power Company and Utah Power and Light Company transmission lines supply electrical power to 
the INL. The locations of the highways, railroad tracks, and facilities are shown in Figure 2.1-3. The 
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TMI-2 ISFSI SAR has confirmed that no oil or gas pipelines pass through the INL (Ref. 2-1), which 
would include the ISF Facility site. 


The ISF site is adjacent to the INTEC. An aerial photograph of the INTEC and the ISF site is included as 
Figure 2.1-4, and a site plan showing the location of the INTEC and the ISF site is provided in 
Figure 2.1-5. A topographical map of the INTEC area is shown in Figure 2.1-6. 


2.1.2 Site Description 


The INL, where the ISF Facility is located, was designated as an exclusion area to build, test, and operate 
various nuclear reactors and associated facilities. The isolated location was chosen to ensure maximum 
public safety. The INL has no residents. Ingress and egress of site personnel and visiting personnel on 
official business is strictly controlled. No casual visits are permitted, except for persons driving through 
the INL on the public highways (Figure 2.1-7) and visitors to the Experimental Breeder Reactor I (EBR-I) 
National Historical Monument, which is open to the public during the summer. The only recreational 
activities allowed within the INL are limited hunting and limited grazing, subject to special requirements 
(see Section 2.1.4). 


The INL is in a broad, mostly flat plain averaging 1483 meters (4865 feet) above mean sea level. The Big 
Lost River runs through the INL, close to the northwest corner of the INTEC, approximately 1215 meters 
(3986 feet) from the ISF Facility site. This section of the river is a runoff channel from the mountains to 
the northwest. Water flows intermittently during the spring and winter, infiltrating through the basaltic 
lava rock underlying the INL into a huge natural underground reservoir, the Snake River Plain Aquifer, 
which lies about 137 meters (450 feet) below ground surface. Surface water entering the INL sinks below 
ground surface within the INL boundary (Figure 2.1-8). 


Figure 2.1-9 indicates the distance from the ISF Facility site to the closest INL boundary. The shortest 
distance from the ISF Facility site to the INL boundary is 13.7 kilometers (8.5 miles) to the south. The 
ISF Facility site is on the INL and is remote from major population centers, waterways, and interstate 
transportation routes. Figure 2.1-5 shows the orientation of the ISF Facility site relative to the adjacent 
INTEC site. 


The typical workforce at INL facilities is shown in Table 2.1-1. As of August 2000, there were 
approximately 4965 employees at the INL. These employees live in more than 30 communities adjacent 
to the INL; the largest percentage lives in Idaho Falls. The DOE operates a bus service for INL employees 
from the major communities to the INL. The portions of INL boundary nearest to adjacent communities 
are 47 kilometers (29 miles) west of Idaho Falls, 51 kilometers (32 miles) northwest of Blackfoot, 80 
kilometers (50 miles) northwest of Pocatello, and 11 kilometers (7 miles) east of Arco. 


DOE security forces control access to the INL, and may stop traffic and conduct vehicle searches on the 
INL. For National Security purposes, the INL has in effect a Federal Aviation Administration (FAA) 
advisory specifying a flight altitude above 1,829 meters (6,000 feet) mean sea level (MSL) for aircraft. 
The ISF Facility elevation is approximately 1,500 meter (4,900 feet) MSL. In addition, Notice to Airmen 
(NOTAM) FDC1/3352, issued December 19, 2001, restates a previous advisory to avoid the airspace 
above, or in proximity to, sites such as nuclear power plants, power plants, dams, refineries, industrial 
complexes, military facilities, and other similar facilities. Six commercial airports are within 
approximately 178 kilometers (110 miles) of the ISF Facility site; 1) 79 kilometers (49 miles) south-







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 2.1-3 


 


  


southeast, in Pocatello; 2) 70 kilometers (43 miles) east, in Idaho Falls; 3) 176 kilometers (109 miles) 
southwest, in Twin Falls; 4) 111 kilometers (69 miles) west, in Hailey; 5) 178 kilometers (110 miles) 
east-northeast, in Jackson WY; and 6) 134 kilometers (83 miles) southwest, in Burley. The airports near 
Arco and Howe are the closest facilities with based aircraft. There are twelve single-engine planes based 
at the Arco airport, and four at the Howe airport. The Arco airport is 32 kilometers (20 miles) west and 
the Howe airport is 32 kilometers (20 miles) north of the ISF Facility. There are several smaller unpaved 
landing strips near the INL, used primarily for recreational/emergency landing by private flights and crop-
dusting aircraft. The two closest are located 16 kilometers (10 miles) south-southeast and 20 kilometers 
(12 miles) south-southwest of the ISF Facility. 


The principal surface materials at the INL are basalt, alluvium, lake bed or lacustrine sediments, slope 
wash sediments and talus, silicic volcanic rocks, and sedimentary rocks. The natural plant life consists 
mainly of sagebrush and various grasses (Figure 2.1-10). The vegetation of the INL is limited by soil 
type, meager rainfall, and extended drought periods. A few deciduous trees, principally along the Big 
Lost River, exist on the INL. The most prominent ground cover is a mixture of vegetation consisting of 
sagebrush (Artemisia tridentata) and a variety of grasses (Figure 2.1-10). 


The soil at the ISF site is previously disturbed sandy gravel. The flat terrain precludes erosion. The entire 
INTEC area is kept free from vegetation so there is no fuel for a range fire to the west of the ISF site. 
Limited undergrowth range fires could approach the site from the east and south. The quantity of fuel for 
such fires is limited. Such range fires will be addressed by INL fire suppression equipment, if necessary. 


2.1.2.1 Other Activities Within the ISF Site Boundary 


The controlled area boundary for the ISF Facility site, as it was with the TMI-2 ISFSI, is the boundary of 
the INL. The ISF site is surrounded by its own security fence.  


Figure 2.1-5 shows the area inside the INTEC boundary. Nuclear fuels are stored and waste from previous 
fuel processing activities is managed and treated in the INTEC restricted area.  


The activities within the ISF Facility site security fence are those related to the administration, operation, 
or maintenance of the ISF Facility (see Figure 2.1-11). 


2.1.2.2 Boundaries for Establishing Effluent Release Limits 


The INL boundary (property boundary lines), shown in Figure 2.1-3, establishes the controlled area 
boundary as defined in 10 CFR Part 72 (Ref. 2-2), to protect the public from exposure to airborne 
radioactivity. Figure 2.1-9 shows the relative position of the ISF site within the controlled area boundary. 
For more information on radioactivity, see Section 2.2. 


Access to the central portion of the INL and the ISF Facility is controlled by DOE-contracted security 
forces, who may, during emergency situations, interrupt traffic on the public highways that cross the INL. 


2.1.3 Population Distribution and Trends 


Population in the region within 80 kilometers (50 miles) was determined to be approximately 128,000 in 
2000, based on year 2000 Census data. The average annual growth rate is projected to be 0.8 percent (rate 
of growth between 1990 and 2000). Therefore, population within the 50-mile radius of the ISF site during 
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the life of the ISF Facility is expected to be approximately 129,000 in 2010, 130,000 in 2020, 131,000 in 
2030, and 136,500 in 2035. Figure 2.1-12 shows population density for the 80-kilometer (50-mile) radius 
around the ISF Facility. The 80-kilometer (50-mile) radius figure is provided instead of an 8-kilometer 
(5-mile) radius because there are no residents within 8 kilometers (5 miles). Also shown are the relative 
locations of the major towns. 


For exposure planning purposes, the maximally exposed individual is considered to be at Frenchman's 
Cabin, at the southern boundary of the INL (11 miles from the ISF site). The selection is consistent with 
other INL nuclear facilities.  


The nearest populated area to the INL is Atomic City, population about 25, approximately 1.6 kilometers 
(1 mile) from the southern INL boundary and about 18 kilometers (11 miles) from the ISF site. 


There are no permanent residents, cities, or towns within a 16-kilometer (10-mile) radius of the ISF 
Facility site. However, several INL facilities, such as the Central Facilities Area (CFA), INTEC, Test 
Reactor Area (TRA), and Radioactive Waste Management Complex (RWMC) and the EBR-I are within 
16 kilometers (10 miles) of the ISF Facility site. Because institutional control will restrict access to INL 
lands (Ref. 2-3), population within 16 kilometers (10 miles) of the ISF site is unlikely to change through 
2035. 


Variations in population are caused by the daily influx of the INL workforce. About 2,800 workers are 
employed within 16 kilometers (10 miles) of the ISF Facility. Highways 20 and 26 pass through the site 
within 16 kilometers (10 miles) of ISF Facility site. Traffic on these highways, other than the daily site 
traffic, is related to travel between cities surrounding the INL and the many recreational opportunities in 
the area. 


Construction, operation, and decommissioning of the ISF Facility will have a negligible impact on the 
population of the region. 


2.1.4 Uses of Nearby Land and Waters 


Categories of land use at the INL include facility operations, grazing, general open space, and 
infrastructure such as roads. Facility operations include industrial and support operations associated with 
energy research and waste management activities. Land is also used for recreation and environmental 
research associated with the designation of the INL as a National Environmental Research Park. Much of 
the INL is open space not designated for specific uses. Some of this space serves as a buffer zone between 
INL facilities and other land uses. Because about 2 percent (4600 hectares or 11,400 acres) of the total 
INL is used for facilities and operations, it is designated as “rural” for dispersion purposes. 
Approximately 6 percent of the INL, 13,870 hectares (34,260 acres), is devoted to public roads and utility 
rights-of-way that cross the INL. Recreational uses include public tours of general facility areas and 
EBR-I, and hunting, which is generally restricted to within 0.8 kilometer (0.5 mile) of the INL boundary. 


Between 121,000 and 142,000 hectares (300,000 and 350,000 acres) are used for cattle and sheep grazing. 
A 400-hectare (900-acre) portion of this land, at the junction of Idaho State Highways 28 and 33, is used 
by the U.S. Sheep Experiment Station as a winter feed lot for approximately 6500 sheep. Grazing is not 
allowed within 3 kilometers (2 miles) of any INL nuclear facility, and, to avoid the possibility of milk  
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contamination by long-lived radionuclides, dairy cattle are not permitted. Rights-of-way and grazing 
permits are granted and administered by the U. S. Department of the Interior Bureau of Land 
Management (BLM). Selected land uses at the INL and the surrounding region are presented on 
Figure 2.1-13. 


Small communities and towns near the INL boundaries include Mud Lake to the east; Arco, Butte City, 
and Howe to the west; and Atomic City to the south. The larger communities of Idaho Falls/Ammon, 
Rexburg, Blackfoot, and Pocatello/Chubbuck are east and southeast of the INL. The Fort Hall Indian 
Reservation is southeast of the INL.  


Recreation and tourist attractions surrounding the INL include Craters of the Moon National Monument, 
Hell’s Half Acre Wilderness Study Area; Black Canyon Wilderness Study Area; Camas National Wildlife 
Refuge; Market Lake State Wildlife Management Area; North Lake State Wildlife Management Area; 
Yellowstone National Park; Targhee; Caribou-Targhee; Salmon-Challis National Forests; Sawtooth 
National Recreation Area; Sawtooth Wilderness Area; Sawtooth National Forest; Grand Teton National 
Park; Jackson Hole recreation complex; and the Snake River (see Figure 2.1-7). 


County plans and policies encourage development adjacent to already developed areas to minimize 
infrastructure extensions and urban sprawl. Because the INL is remote from most developed areas, INL 
lands and adjacent areas are not likely to experience residential and commercial development. However, 
recreational and agricultural uses are expected to increase in the surrounding area in response to greater 
demand for recreational areas and the conversion of range land to crop land (Ref. 2-4). 


The four most prominent tourist/recreation areas in the INL area are Yellowstone National Park, 
approximately 117 kilometers (72 miles) northeast of the INL and 160 kilometers (99 miles) from the 
INTEC; EBR-I, on the INL; Craters of the Moon National Monument, approximately 30 kilometers 
(19 miles) southeast of the INL; and the resort areas of Ketchum and Sun Valley, approximately 
96 kilometers (59 miles) west of the INL and 115 kilometers (72 miles) from the ISF site. 
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2.2 NEARBY INDUSTRIAL, TRANSPORTATION, AND MILITARY FACILITIES 


There are no industrial or military facilities within 5 miles of the ISF Facility site. The closest industrial 
complex to the ISF Facility is in Idaho Falls, approximately 68 kilometers (42 miles) away. The U.S. 
Navy maintains the only military facility on the INL at the Naval Reactor Facilities (NRF) area 
(Figure 2.2-1), located over 8 kilometers (5 miles) away from the ISF site. NRF's operations support of 
the U.S. Navy's nuclear-powered fleet through receipt of naval spent fuel for examination and storage 
preparation and through research and development of materials and equipment. 


Nuclear facilities within 8 kilometers (5 miles) of the ISF Facility have been evaluated in accordance with 
Nuclear Regulatory Commission (NRC) guidelines; CFA, TRA, and Power Burst Facility/Waste 
Experimental Reduction Facility (PBF/WERF) are within 8 kilometers (5 miles). Activities at these 
facilities are subject to periodic reviews to ensure worker and public safety. Potential accidents at these 
facilities are considered in the development of the INL emergency management plans. 


The ISF Facility is adjacent to the INTEC. The primary missions of the INTEC are to: 


• Safely store spent nuclear fuel and prepare it for shipment to an offsite repository. 


• Develop technology to safely treat high-level and liquid radioactive waste that resulted from 
reprocessing spent fuel. 


• Remediate past environmental releases. 


The primary facilities at INTEC include: 


• The Fluorinel Dissolution Process and Fuel Storage Facility (FAST), which is divided into two 
parts, a spent fuel storage area and the Fluorinel Dissolution Facility. 


• The Remote Analytical Laboratory, which is a state-of-the-art facility for remote examination of 
hazardous and radioactive materials. 


• The Fuel Storage Building, which houses three storage pools for spent nuclear fuel. 


• The TMI-2 ISFSI, which is an NRC-licensed dry storage area for spent fuel and debris from the 
Three-Mile Island accident. 


• The High-Level Waste Tank Farm, which includes 11 underground stainless steel storage tanks 
used to store the radioactive liquid waste generated during the reprocessing of spent fuel and 
plant decontamination work. 


• The New Waste Calcining Facility, which converted liquid high-level radioactive waste from the 
Tank Farm into a granular solid similar in consistency to sand. 


• The INTEC-601/602 Processing Corridors, which were used to chemically separate high enriched 
uranium (HEU) from dissolved spent fuel during reprocessing and to solidify the recovered HEU 
for shipment off site. 


Because of the distance between the ISF Facility and other INL facilities, airborne contamination is the 
primary potential consequence of an emergency condition at one of the nearby nuclear facilities. The 
Warning Communications Center at DOE-Idaho Operations Office (DOE-ID) headquarters maintains 
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continuous site-wide surveillance of all INL facilities and transmits warning signals for any unsafe 
conditions. On receipt of a warning signal, the INL Emergency Plan goes into effect, and the appropriate 
emergency procedures are activated. 


Accidents in the nearby nuclear facilities have been evaluated in the facility-specific Safety Analysis 
Reports. The facilities are built to withstand their design accidents, so the only impact on the ISF Facility 
from an accident in a nearby facility would likely be airborne contamination. The ISF site would be 
decontaminated as part of the general recovery from the accident. 


Within the nearby INTEC, support operations include maintenance, laboratory operations, security, 
medical, and others which require the following materials to be handled or stored: 


• small amounts of hazardous materials 


• temporary waste storage 


• satellite fuel storage (propane, gasoline, diesel, etc.) 


• small amounts of maintenance materials (solvents, paints, etc.) 


As stated in the TMI-2 ISFSI SAR, none of these materials present a hazard to the adjacent buildings 
within INTEC (Ref. 2-1). Because the ISF Facility is adjacent to INTEC, the same conclusion can be 
made. 


There are no natural gas pipelines, mines or stone quarries, oil or gasoline plants, or other activities in 
adjacent facilities, from which a fire or explosion could damage the ISF Facility (Ref. 2-1).  


The area adjacent to the other INL facilities is kept clear of vegetation, therefore, the threat of range or 
brush fires to these facilities is mitigated. 


An assessment of nearby airports and airways, flight activity, FAA aircraft tests at INL, PTI helicopter 
flights over INTEC facilities, and helicopter take-offs and landings within 4.8 km (3 mi.) of INTEC 
facilities was performed. This current and projected information was used in an aircraft impact probability 
evaluation. The criteria in NUREG-0800, Standard Review Plan for the Review of Safety Analysis Reports 
for Nuclear Power Plants, Section 3.5.1.6, Aircraft Hazards (Ref. 2-184) was used in this evaluation. 
This resulted in the ISF site satisfying each of the three requirements that allow the applicant to determine 
by inspection that the probability of aircraft accidents resulting in radiological consequences greater then 
10 CFR 100 exposure guidelines is less than 10-7 per year. Therefore, a detailed review of aircraft hazards 
for the ISF Facility is not required. 


Aircraft crashes at INTEC facilities (formerly referred to as ICPP) adjacent the ISF Facility were 
analyzed in Lee et al., 1994 (Ref. 2-5). This analysis concluded that these facilities met the NRC criteria 
for probability of an aircraft accident of less than 10-7 per year because the distances from these facilities 
met all the requirements listed in NUREG-0800. Three activities at the INL—FAA aircraft tests, PTI 
helicopter flights over the ICPP, and helicopter takeoffs and landings within 4.8 km (3 mi.) of the ICPP—
required more detailed analysis of aircraft hazards. Since the completion of that report, the FAA has 
ceased testing aircraft at the INL and the DOE has discontinued on-site helicopter flights. Therefore, 
aircraft crashes at nearby facilities also meet the criteria of Section 3.5.1.6 of NUREG-0800 and are not 
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considered credible events. Therefore, the impact of a crash at the INTEC need not be considered in crash 
hazards for the ISF Facility.  


There are no structures tall enough that, if they collapsed, could damage the ISF Facility. 


Transportation Routes and Facilities. Public transportation routes nearest the ISF site include U.S. 
Highways 20/26, which pass approximately 6 kilometers (4 miles) south of the ISF site, and the Mackay 
Branch of the Union Pacific Railroad, which passes 11 kilometers (7 miles) south of the ISF site (see 
Figure 2.1-7). 


Other roads near the ISF site are the controlled-access roads between INL facilities. The nearest road to 
the ISF site is the East Perimeter Road, which is the western boundary of the ISF site. A railroad spur 
from the Mackay Branch (which also services only the INL) passes within approximately 120 meters 
(394 feet) west of the ISF Facility. Hazardous materials, including spent nuclear fuels, radioactive waste, 
and chemicals are transported on these routes. Accidents along these transportation routes are discussed in 
Chapter 8, Accident Analysis.  
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2.3 METEOROLOGY 


2.3.1 Regional Climatology 


2.3.1.1 Data Sources 


The climatology of the INL is well characterized. Research-grade meteorological observations have been 
continuously taken by the National Oceanic and Atmospheric Administration (NOAA) and its 
predecessor agencies since 1949. These data have been summarized in Climatography of the Idaho 
National Engineering Laboratory, 2nd Edition (Ref. 2-6). 


Idaho Falls 46W, a NOAA meteorological observation station, and a well equipped research tower (Grid 
3), are located near the CFA, approximately 3.2 kilometers (2 miles) south of the ISF site. 


2.3.1.2 General Climate 


2.3.1.2.1 Terrain Influences on Regional Climate 


The INL is situated on a mile-high area of the Eastern Snake River Plain in southeastern Idaho. Air 
masses entering the Eastern Snake River Plain, from the west, first cross a mountain barrier, precipitating 
a large percentage of their moisture. Annual rainfall at the INL is light and the region has semi-arid 
characteristics. 


The local northeast-southwest orientation of the Eastern Snake River Plain and bordering mountain 
ranges channels the prevailing west winds so that a southwest wind predominates over the INL. The 
second most frequent winds come from the northeast. The relatively dry air and infrequent low clouds 
permit intense solar heating of the surface during the day and rapid radiational cooling at night, so there is 
a large diurnal range of temperature near the ground. 


Because of the moderating influence of the Pacific Ocean, most air masses flowing over this area are 
warmer during winter and cooler during summer than air masses at similar latitude in the continental 
climate east of the Continental Divide. The Centennial and Bitterroot mountain ranges keep most of the 
shallow but intensely cold winter air masses moving south from Canada from entering the Eastern Snake 
River Plain. Occasionally, the cold air spills over the mountains, and is held in the Eastern Snake River 
Plain and the INL experiences low temperatures for periods lasting a week or longer. 


A simplified topographical map of the INL area and the Eastern Snake River Plain is presented in 
Figure 2.3-1 (Ref. 2-6). The height values of the contour lines are given in hundreds of feet above mean 
sea level. Stipples indicate the area of the plain below 5000 feet. The large dots indicate the location of 
tower-mounted wind sensors. 


Winds at the INL are influenced by: 


• northwesterly, down-canyon winds that develop in the Little Lost River and Birch Creek Valleys 
and spill out onto the Eastern Snake River Plain to the southeast 


• southwesterly winds that result from redirection of the westerly winds aloft by the mountains 
bordering the Eastern Snake River Plain 
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• northerly or northeasterly winds that result from air cooling and descending from the elevated 
terrain north of INL 


• reversals in wind directions that occur when shallow surface winds, resulting from surface 
cooling and density differences, are overcome by winds aloft moving in an opposite direction 


• stagnation in areas where light winds converge 


• large horizontal eddies that form as a result of convergence, mountain effects, or passing pressure 
systems associated with larger thermal and moisture fields 


These influences combine to result in regional-scale wind trajectories, which rarely maintain their initial 
direction for long distances or persist for more than a few hours. The impact of this variability on 
atmospheric transport and dispersion at INL is discussed in Section 2.3.4. 


2.3.1.2.2 Regional Temperature 


The maximum and minimum “normal” temperatures for the ISF Facility were determined using the 
methodology of NUREG 1536, Section 2.0.V.2.b.1. This methodology uses the highest and lowest 
ambient temperatures recorded in each year, averaged over the years of record. Input data covered the 
years 1952 through July 2000, obtained from a nearby NOAA monitoring station. 


Table 2.3-1 reflects the historical daily temperature extremes for the INL between 1952 and August 2000 
at the NOAA Idaho Falls 46W station. As shown on this table, the highest and lowest historical 
temperatures for the INL are 101°F and -47°F. The INL maximum and minimum historical annual 
average temperatures are 98°F and -26°F, respectively. 


The smallest daily air temperature range occurs in the winter, while the largest daily air temperature range 
occurs in the summer. This phenomena is reflected on Table 2.3-2. July and August have mean daily air 
temperature ranges of 38°F, while December and January have mean daily air temperature ranges of 
23°F. Table 2.3-2 also shows that the largest daily air temperature range was 59°F in August and October. 


2.3.1.2.3 Freeze-Thaw Cycles 


An indication of the amount of weathering to certain materials is the frequency of occurrence of daily 
freeze-thaw cycles. A freeze/thaw cycle is defined as a day on which the maximum air temperature 
exceeds 32°F and the minimum air temperature falls to or below 32°F. These data are based on the air 
temperature at 5 feet in an instrument shelter, which, because of its distance from the ground, may 
underestimate the actual number of freeze-thaw cycles. Despite this limitation, the data presented in 
Table 2.3-3 indicate the general frequency and seasonal variation (Ref. 2-6). 


The greatest number of cycles occur, as expected, in the spring and fall seasons. On average, 42 percent 
of the days in the year contain a freeze/thaw cycle. 


2.3.1.2.4 Degree Days 


A degree-day is another unit of measure based on a specific air temperature. The degree-day concept can 
be applied to either heating or cooling and is used as a basis for establishing heating and cooling energy 
requirements and building design considerations. A single heating degree-day is accumulated for each 
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degree the average daily air temperature is less than 65°F for one day. Conversely, a single cooling degree 
day is accumulated for each degree the average daily air temperature is greater than 65°F. 


The daily trends are evident in Table 2.3-4. January has the highest mean degree-day total of 1517 and 
July has the lowest total of 29. Monthly heating degree day totals as large as 1726 (December) have been 
recorded. Table 2.3-4 also shows that the highest single heating degree-day has been 93. On average, 
locations on the INL can be expected to record approximately 8700 degree-days annually. 


A historical monthly summary of the cooling degree-days is presented in Table 2.3-5. Cooling is usually 
not required except during the months of June, July, and August. On average, an annual total of 
247 cooling degree-days accumulates at the INL (Ref. 2-6). 


2.3.1.2.5 Subsoil Temperatures 


During a 7-year study sponsored by the DOE, soil temperatures were recorded at the INL from 
thermometer probes placed at 1-foot intervals from depths of 2 through 7 feet beneath a sandy surface, 
representing the natural terrain with the overlying vegetation removed. Similar measurements were also 
made under an asphalt road surface. The temperatures at all six levels have been averaged for each month. 
Isotherms with depth are presented in Figure 2.3-2 and Figure 2.3-3 for both types of surfaces. These 
figures show a significant difference between the two locations. Under the asphalt, temperatures average 
approximately 10°F higher in the summer near the surface; in the winter, colder temperatures occur over a 
longer period and to a greater depth. 


2.3.1.2.6 Regional Precipitation 


Table 2.3-6 (Ref. 2-6) summarizes the historical average monthly and annual precipitation. The average 
annual precipitation is 8.72 inches. Maximum observed 24-hour precipitation amounts to less than 2 
inches (Table 2.3-7). 


About 27 inches of snow falls each year. The maximum yearly total is 59.7 inches, and the smallest total 
is 6.8 inches. The greatest 24-hour snowfall was 8.6 inches. The ground is usually free of snow from mid-
April to mid-November. Table 2.3-8 presents historical snowfall amounts at the CFA (Ref. 2-6). 


2.3.1.2.7 Regional Atmospheric Moisture 


Table 2.3-9 presents historical monthly averages of wet bulb and dew point temperatures expected at the 
INL site (Ref. 2-6). The moisture content of the air is described by the wet bulb and dew point 
temperatures. During January (the coldest month) the air temperature averages 16.5°F and the dew point 
averages 7.4°F. During July the air temperature averages 69°F and the dew point averages 33.5°F. The 
highest relative humidity is observed in the winter, and the lowest relative humidity is observed in the 
summer. 


2.3.1.2.8 Regional Winds 


Historical monthly average wind speeds at the 20 and 250-foot levels are reflected in Table 2.3-10. The 
months with the highest average wind speed at the 20-foot level are April and May, with a wind speed of 
9.3 mph. The month with the lowest average wind speed at the 20-foot level is December, with a wind 
speed of 5.1 mph. 
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The wind directions for all the highest hourly speeds listed on Table 2.3-10 are from the west-southwest 
and the southwest. 


Some months show a difference in direction between levels. These differences are attributed to different 
artifact periods of record. 


The maximum instantaneous gust recorded at the CFA 20-foot level was 78 mph from the west-
southwest, and 84 mph from the southwest at 250-foot level (see Table 2.3-14). 


2.3.1.2.9 Sky Cover 


The average daily opaque sky cover for the INL is estimated to be as high as seven-tenths in December 
and as low as three-tenths in July, August, and September. The annual average sky cover is five-tenths 
(Ref. 2-6). 


2.3.1.2.10 Atmospheric Pressure 


Measurements of atmospheric pressure are important to many phases of design and operations at the INL. 
Station pressure (actual measured pressure without reduction to sea level), has been recorded 
continuously at the CFA since February 1950. The station pressure recorded from February 1950 to 
August 1964 is summarized in Table 2.3-11. The CFA station mercurial barometer standard is at 
4937 feet mean sea level. The ISF site is at approximately 4940 feet; therefore, CFA data may be applied 
to the ISF site (Ref. 2-6). 


The average station pressure of 25.06 inches-mercury (in.-Hg) and the highest and lowest recorded 
pressures of 25.14 in.-Hg and 24.99 in-Hg, respectively, over the period of record, indicate extremes of 
station pressure at 24 and 26 in.-Hg. The difference between the highest and lowest pressures recorded in 
any month over the period of record reflects the development of more intense pressure systems in winter, 
and weaker systems in summer months. The annual mean daily pressure range is 0.15 in.-Hg, varying 
from near 0.10 in.-Hg in the summer to 0.20 in.-Hg in the winter. The largest pressure change recorded in 
one day was 0.680 in.-Hg. Although specific records of the maximum pressure change in l-hour and a 
24-hour period have not been recorded at the INL, synoptic and climatological records indicate maximum 
changes would be bounded by 0.1 in.-Hg per hour and 1 in.-Hg per day. 


2.3.1.2.11 Air Density 


The average air density at the INL is related to pressure. It is computed from the Equation of State using 
average values of temperature, pressure, and moisture. For sea level, using a standard pressure of 29 in.-
Hg and 32°F, a standard density of 1.29 x 10-3 g/cm3 can be computed. 


A normal average temperature of 42.4°F and an average station pressure of 25 in.-Hg gives an average 
density of 1.06 x 10-3 g/cm3 for the INL (Ref. 2-6). 


2.3.1.2.12 Other Phenomena 


According to historical INL onsite measurement programs, dust concentrations varied from a low of 
14.1 micrograms per cubic meter (μg/m3) over a total snow cover to a high of 772 μg/m3 during the 
summer. In an undisturbed area, even with dust devils present, a concentration of only 151 μg/m3 was 
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recorded. Annual geometric means of 24-hour particulate samples were approximately 30 μg/m3 
(Ref. 2-6). 


In relatively undisturbed areas of the INL, median dust-particle sizes ranged from 0.330 to 0.425 microns. 
Less than 1 percent of the ambient particulate is larger than 10 microns, although a few particles reach 
several hundred microns. Petrographic examinations of dust particles classify the dust as moderately 
abrasive. Vehicular traffic and activities in construction areas (disturbed areas) contribute more to local 
high dust concentrations than do strong winds over undisturbed areas. 


The Idaho Department of Environmental Quality has analyzed typical dust concentrations in various 
airsheds within the state and has established estimated background values for pollutants having National 
Ambient Air Quality Standards (see Table 2.3-12). The U.S. Environmental Protection Agency (EPA) has 
determined that INL air quality is in attainment of applicable National Ambient Air Quality Standards by 
a wide margin (Ref. 2-7). Existing INL air quality poses no potential constraints to ISF site development. 


2.3.1.3 Severe Weather 


2.3.1.3.1 Maximum and Minimum Temperatures 


Historical extremes of daily maximum and minimum daily air temperatures are listed in Table 2.3-13. 
The maximum difference between the highest and lowest temperatures recorded during a given month 
was 102°F in December. The largest differences between extremes of monthly daily average temperatures 
occur in the winter and the smallest differences are between the averages of the summer months 
(Ref. 2-6).  


2.3.1.3.2 Extreme Winds 


High wind-speed episodes occur throughout the year, with the highest hourly average winds occurring 
during winter and spring. At the INL, the passage of synoptic frontal systems involves higher and more 
sustained hourly wind-speed events than those of thunderstorm gust fronts. Downslope winds 
occasionally cause damage at canyon-mouth locations in the eastern Rocky Mountains. These winds are 
rare on the Eastern Snake River Plain because the terrain is unfavorable. 


The peak wind-speed gusts anticipated at the ISF site at both upper (250 feet) and lower (20 feet) levels 
are listed by month in Table 2.3-14. Values presented in this table are based on the highest period of 
record values occurring at CFA. These values will be relevant to maximums occurring over the flat terrain 
anywhere on the INL. Strong gusts may be a result of pressure gradients from large-scale systems, or be a 
result of a thunderstorm. Because thunderstorms may form at any location and move in any direction, 
strong gusts can be expected from any direction. 


2.3.1.3.3 Tornadoes 


A tornado is a violent local vortex in the atmosphere. It is usually accompanied by a funnel-shaped cloud 
with spiraling winds of high velocity. Tornadoes usually occur in association with thunderstorms, 
especially those that produce hail. When a vortex cloud reaches the land surface, it is classified as a 
tornado. If the vortex cloud does not reach the ground surface, it is classified as a funnel cloud. 
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Most tornadoes in the U.S. occur east of the Rocky Mountains. The total number of tornadoes in Idaho 
reported to the National Severe Storms Forecast Center (1987) for the years 1950 through 1986 was 58 
(Ref. 2-6).  


National tornado statistics have been compiled which, when taken with maximum atmospheric moisture 
content, surrounding geography, and other statistics, allow a realistic assessment of tornado risk. These 
tornado statistics establish a value for the maximum credible tornado expected at the INL. For 1950 to 
1994, NOAA records indicate that a total of five funnel clouds have been sighted within the INL (Ref. 2-
6).  


NUREG/CR-4461, Tornado Climatology of the Contiguous United States, identifies that the average 
probability of any tornado occurring in the region that includes the INL is 6 x 10-7 yr-1 (return period of 
1.66 x 106 years). The probability of a category F-2 (113 mph wind speed) or greater is 1.69 x 10-7 yr-1 
(5.91 x 106 year return period). The maximum wind speed with a probability of occurrence of 1 x 10-7 is 
171 mph. 


The design basis for the ISF site tornado is established by Reg. Guide 1.76, as modified by SECY-93-087 
for Tornado Intensity Region III, which is bounding for any tornado expected on the INL (Ref. 2-8). The 
ISF Facility design basis tornado is presented in Table 2.3-15. 


2.3.1.3.4 Dust Devils 


Although tornadoes are rare at the INL, less violent “dust devils” are common in the summer months. 
Dust devils are small atmospheric vortices that are generated over hot land surfaces. These dust devils 
pick up dust and pebbles and can overturn, blow down, or carry off unsecured objects. They usually occur 
on warm sunny days with little or no wind. The dust cloud may be several hundred yards in diameter and 
extend several hundred feet in the air (Ref. 2-6). 


2.3.1.3.5 Hurricanes and Tropical Storms 


Because of the moderating influence of the Pacific Ocean and the isolating influence of surrounding 
mountains, neither hurricanes nor tropical storms occur at the INL. 


2.3.1.3.6 Precipitation Extremes – Recorded Hourly and Daily Precipitation Events 


For precipitation extremes, the highest INL value (regardless of location) is cited. The greatest monthly 
amounts recorded during l- and 24-hour periods are listed in Table 2.3-7. The high hourly amounts during 
May and June were the result of heavy thunderstorms. The maximum for 1 hour was 0.54 inches. 
Precipitation amounts greater than 1 inch per day have occurred during five of the calendar months within 
the period of record (Ref. 2-6). 


2.3.1.3.7 Precipitation Extremes – Predicted Maximum Storm Events 


Hershfield (Ref. 2-9) used the long-term precipitation records of more than 1600 stations to develop 
return periods for 24-hour storms (Table 2.3-16), and short-term records from about 5000 stations to 
define short return-period storms. From these results he constructed isopluvial maps for the continental 
United States for storms with return periods of 2 years and 100 years. He then interpolated isopleth maps 
for other storm durations and return periods. In 1996, Sagendorf analyzed data for all available Upper 
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Snake River stations (including INL), independently validated the Hershfield data, and tested a function 
to adjust 24-hour Hershfield totals to INL storms of shorter durations (Ref. 2-10). 


2.3.1.3.8 Precipitation Extremes – Precipitation Occurrence 


In addition to amounts, frequency of occurrence, and duration of precipitation are frequently used for 
planning purposes. Table 2.3-17 lists the average number of days (from midnight to midnight) per month 
(percentage) during which specified amounts of precipitation fell at CFA (Ref. 2-6). These frequencies of 
occurrence apply to the ISF site. 


2.3.1.3.9 Thunderstorms and Lightning 


The National Weather Service defines a thunderstorm-day as a day on which thunder is heard at the 
observing station. Lightning may or may not be seen; rain and/or hail may or may not occur. By this 
definition, the INL may experience, on the average, two or three thunderstorm days each month from 
June through August. Several individual thunderstorms may occur on each thunderstorm day. 
Thunderstorms have occurred throughout the year but rarely occur from November to February period. 


Surface effects from thunderstorms over the Eastern Snake River Plain are usually much less severe than 
those in the mountains surrounding the plain or east of the Rocky Mountains. At times, precipitation from 
the thunderstorm evaporates before reaching the ground so that little or no precipitation may be recorded. 
Even so, the storm may be accompanied by strong, gusty winds that may produce local dust storms. 
Cloud-to-ground lightning may occur. Occasionally, rain in excess of the long-period average monthly 
total may result from a single thunderstorm. 


The BLM Interagency Fire Center (Boise) operates a lightning detection system by which the location 
and number of lightning strikes may be documented, in real time if necessary (Ref. 2-6). Although the 
INL is surveyed by the system, no historical statistics for the area have been compiled. The ISF Facility, 
including the site security fence and lighting system, will contain grounded lightning protection. 


2.3.1.3.10 Snow Storms 


Snowfall and snow depth records are available from CFA, the only manned weather station at the INL. 
CFA values are representative of snow conditions at the ISF site. Snowfall is defined as the amount of 
snow that falls within a given period regardless of the amount that accumulates on the ground. Because 
snow may melt as it falls, the snowfall amount must occasionally be estimated from the water equivalent 
of snow. Maximum and minimum totals vary considerably for the period of record (1950 to 1988), 
particularly in December with a difference of nearly 22 inches. The maximum snowfall in a 24-hour 
period was 8.6 inches in March (Ref. 2-6). 


Table 2.3-18 lists the average number of days (percent) in a given month during which a specified amount 
of snowfall has been recorded (Ref. 2-6).  


Table 2.3-19 lists the averages and the maximum monthly snow depths (Ref. 2-6). The maximum depth 
ever recorded was 22.3 inches. During periods when several inches of loose snow are present, along with 
moderate to strong surface winds, considerable blowing and drifting will occur, with drifts accumulating 
to several feet high.  
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2.3.1.3.11 Hail and Ice Storms 


Although small hail frequently occurs with thunderstorms, damage from hail has not been experienced at 
the INL to date. Crop damage from hail is not unusual in nearby areas. Property damage caused by hail 
has occurred in Idaho Falls, so damage at the INL from hail is possible. 


Although brief periods of glazing conditions occasionally accompany a transition from rain to snow and 
cause slippery sidewalks and roads, they produce insufficient accumulation to damage power or 
communication lines. Rime icing, which occurs when fog droplets accumulate on objects at temperatures 
below freezing, is more likely. During the period of record, accumulation on power lines and air intakes 
has not constrained INL operations. 


Super-cooled fog or low stratus clouds occasionally occur in winter and may last for several consecutive 
days, given a snow cover and a persistent high-pressure system. 


2.3.2 Local Climatology 


2.3.2.1 Data Sources 


A site-specific climatography report prepared in 1989 by NOAA contains the most applicable site-
specific data for ISF site climatologic conditions (Ref. 2-6). 


2.3.2.2 General Climate 


The local climatology data for the ISF Facility site is represented in Section 2.3.1, Regional Climatology. 
The regional climatological data is representative of the local climatological data as it was obtained from 
meteorological observation stations within a 5-mile radius of the ISF Facility site. 


2.3.2.3 Topography 


Regional topography in the INL area is presented in Figure 2.3-4. A detailed topographical survey at 
2-foot contour intervals for the 8-kilometer (5-mile) radius of the INTEC site, adjacent to the ISF site, 
was compiled from DOE drawings B50-001-ASC, plates 16, 17, 21, and 22. Topographic cross-sections 
were produced for each of 16 radii corresponding to the 16-point compass directions from the TMI-2 
ISFSI site to the 8-kilometer (5-mile) and 80 kilometer (50-mile) limits. These cross sections, presented in 
Figure 2.3-5, Figure 2.3-6, Figure 2.3-7, Figure 2.3-8, Figure 2.3-9, Figure 2.3-10, Figure 2.3-11, and 
Figure 2.3-12 are representative of the ISF site regional topography because the ISF site is adjacent to the 
INTEC. 


The 80 kilometer (50 mile) cross section is presented in lieu of the required 16-kilometer (10-mile) cross 
section, to provide a cross sectional representation that reflects the regional terrain. The 16-kilometer 
(10-mile) cross section would be similar to the 8-kilometer (5-mile) cross section. 


The terrain features cause a subtle channeling of the diurnal low wind-speed flows, even over the valley 
floor where relative topographic relief is small. This influence can be seen under both daytime surface-
heating and nocturnal surface-cooling conditions. Terrain surrounding the INL also is known to channel 
and redirect the upper level (global scale) winds and determine the character of their interaction with the 
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valley surface. Down-valley winds formed in the surrounding valleys and interaction of the mountains 
with nearby frontal systems are also significant causes of valley winds. 


2.3.3 Onsite Meteorological Monitoring Program 


2.3.3.1 Wind Roses 


Grid 3, research-grade meteorological tower, is the wind station closest to the ISF site. Grid 3 is 
integrated with the INL emergency dose prediction system maintained by NOAA. With two levels of 
wind instrumentation (10 and 61 meters) and three levels of temperature instrumentation, it provides wind 
and temperature data for use in ISF site climatology. Grid 3 wind instrumentation spans the full height of 
the tower with continuous wind data reduced for climatological use. 


Stability wind roses for Grid 3 at 10 meters and 61 meters are presented in Figure 2.3-13, Figure 2.3-14, 
Figure 2.3-15, and Figure 2.3-16 (Ref. 2-1). These sensor heights mirror atmospheric heights in which 
transport and dispersion from surface and elevated (stack) releases, respectively, may occur. Because they 
are above much of the friction layer, the winds at 61 meters (200 feet) are representative of release 
heights above that level.  


2.3.3.2 Observations for Offsite Concentration Assessments 


Wind data have been collected continuously since the 1950s at a large number of stations in the vicinity 
of the INL. During ISF Facility operations, weather data will continue to be obtained from Grid 3. Data 
may also be used from the 26 additional telemetry towers maintained by NOAA for use in near real-time 
offsite concentration assessments. 


Figure 2.3-17 shows wind observation station locations within a 50-mile radius to the ISF site (Ref. 2-6). 
At each location, wind sensors are sited at the National Weather Service standard height of 10 meters 
(32 feet). Equipment specifications, maintenance standards, and data analysis procedures are established 
by DOE-ID and, as stated in the TMI-2 ISFSI SAR, conform to the requirements of NRC Regulatory 
Guide 1.23, National Weather Service protocols, and quality assurance requirements of EPA QAMS 
005/80 (Refs. 2-7 and 2-11). 


2.3.4 Diffusion Estimates 


Dispersion modeling performed by NOAA, ARLFRD for INL sources was used in the TMI-2 ISFSI 
analysis as the basis for diffusion estimates. Because the ISF site is adjacent to the INTEC, where the 
TMI-2 ISFSI is located, the TMI-2 ISFSI dispersion model is applicable. 


Total integrated concentrations for two different spatial scales were calculated by DOE for TMI-2 ISFSI 
using normalized emission rates and four different sets of meteorological data to simulate the release and 
dispersion of pollutants from the TMI-2 ISFSI site. Regional-scale modeling using a variable-trajectory 
Gaussian puff model (MESIDIF) was performed to determine the spatial and temporal variations in the 
normalized concentration patterns. A single sector-averaged Gaussian plume model (XOQDOQ) was 
used to compare regional and local impacts (Ref. 2-12). 
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2.3.4.1 Single Station Modeling – XOQDOQ 


The NRC uses the computer program XOQDOQ in its independent meteorological evaluations of 
continuous and anticipated intermittent releases from commercial nuclear power reactors. The program 
implements the assumptions outlined in Section C (excluding Cla and Clb) of NRC Regulatory 
Guide 1.111 (Ref. 2-13). Annual relative effluent concentrations (X/Q) and annual average relative 
deposition, (D/Q) are calculated at user-specified locations, and at various standard radial distances and 
segments for downwind sectors. Possible intermittent (e.g., containment or purge) releases that occur 
during routine operation may also be evaluated using the program. Evaluation of intermittent releases 
provides both X/Q and D/Q values at various standard locations, as well as user-specified points of 
interest. 


2.3.4.1.1 Model Operational Theory 


The computer program XOQDOQ is based on the theory that radioactive material released to the 
atmosphere will have a normal (Gaussian) distribution about the plume centerline. In predicting effluent 
concentrations for longer time periods, the Gaussian distribution is assumed to be evenly distributed 
within the directional sector. A straight-line trajectory is assumed between the point of release and the 
receptors. 


The plume rise equation used in XOQDOQ is taken from Briggs (Refs. 2-14 and 2-15). Plume rise is 
calculated as a function of stability. Effective plume height is then given as the sum of plume rise and the 
physical stack height. 


For a specific receptor and source configuration, a long-term estimate of X is obtained by solving the 
dispersion equation for each meteorological condition assigned by the user, then summing the 
concentrations after weighting each by its frequency of occurrence. 


The sum of the frequencies for each long-term analysis (e.g., seasonal or annual) should be near unity. A 
1-hour occurrence of a particular meteorological condition will be included in an annual joint frequency 
distribution as (1 hour/year)/(8760 hours/year) = 0.00011, and in a seasonal (quarter annual) array as 
0.00045. 


The representative speeds usually assigned to the six climatological wind speed categories are 0.67, 2.45, 
4.47, 6.93, 9.61, and 12.52 meters per second (0-3, 4-6, 7-10, 11-16, 17-21 and 21 knots per second). 
These ranges are user-specified. 


The horizontal and vertical dispersion parameters (sigma y and sigma z) used in XOQDOQ are in the 
form of continuous functions of downwind distance and stability. 


XOQDOQ allows specifications of sigma y and sigma z from measured curves obtained from actual field 
studies at INL. The main advantages of using this approach are: 1) the stability classification scheme may 
be used on easily obtained parameters, and 2) the relationships of sigma y and sigma z under low wind 
speed, inversion conditions are allowed to depart from a power law function, and thus make the results 
more realistic. This option was exercised in the computer analyses presented in this section. The curves 
are presented in Figure 2.3-18 and Figure 2.3-19. Model operational theory is described in Sagendorf, et 
al. (Ref. 2-12). 
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The six stability categories (S = 1 through 6 in order of increasing atmospheric stability, 4 being neutral) 
of the joint frequency distribution are defined on the basis of the criteria. The classification is based on 
ground-level meteorological observations only (surface wind speed, cloud cover, ceiling) supplemented 
by solar elevation data (latitude, time of day, and the time of year). Thus the stability estimates can be 
obtained for any site at which suitable observations have been made. 


2.3.4.1.2 Modeling Assumptions and Input Data 


For the TMI-2 ISFSI, at the INTEC site, four XOQDOQ runs were made to examine the relationship 
between local and regional effluent concentration patterns. Two spatial scales were used: 0 to 
8 kilometers (0 to 5 miles) from the source and 0 to 80 kilometers (0 to 50 miles) from the source. The 
INTEC was examined for each scale. Meteorological conditions at INTEC were represented by the joint 
frequency distribution of 1982 wind and stability data from the telemetry station at the PBF as a “worst 
likely” situation. Because INTEC is adjacent to the ISF site, the conclusions for INTEC are applicable to 
the ISF site. 


Several XOQDOQ options may be exercised when executing the program. Table 2.3-20 summarizes the 
options used in previous modeling for the INL (Ref. 2-16). 


2.3.4.1.3 Results 


Figure 2.3-20 and Figure 2.3-21 present annual normalized concentrations of effluents calculated by 
XOQDOQ (Ref. 2-16). Overall concentration patterns consist of bimodal distributions extending along 
the annual prevailing wind directions (approximately southwest and northeast). 


Figure 2.3-20 presents the concentration isopleths out to an 80-kilometer (50-mile) radius due to 
normalized emissions from INTEC. The concentration pattern exhibits a strong southwest to northeast 
distribution with little buildup in the northwest-southeast direction, except for a small tertiary lobe toward 
the south-southeast. 


Figure 2.3-21 presents the concentration isopleths out to a radius of 8 kilometers (5 miles) from the 
normalized emission source at INTEC. Again, there is a bimodal distribution with major axis from 
southwest to northeast. The case exhibits a slightly wider concentration distribution at the northern lobe. 
The tertiary lobe extending southeast is much less developed on this spatial scale. Note the maximum 
concentration area centered about 0.8 kilometer (0.5 mile) northeast of the source. This feature was not 
evident on the regional scale (80 kilometer [50 mile]) radius. 


2.3.4.2 Gridded Windfield Modeling - MESODIF 


2.3.4.2.1 MESODIF Model Description 


MESODIF is a regional-scale variable-trajectory Gaussian puff model developed at NOAA’s Air 
Resources Laboratory at the INL (Ref. 2-17). It takes into account the spatial and temporal variations in 
the advection, diffusion, transformation, and removal mechanisms governing plume dispersion. It differs 
from the conventional Gaussian plume approach in that MESODIF simulates the deformation of a 
continuous plume by a time-varying, vertically uniform horizontal wind field. MESODIF simulates a 
continuous point source by superpositioning discrete puffs of a circular, horizontal cross-section. Each 
puff is advected as an element with its time history, independent of preceding or succeeding puffs. The 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 2.3-12 


 


  


dimensions of an individual puff are proportional to its travel distance (or travel time). A continuous 
plume is represented by the serial releasing of sufficient numbers of discrete puffs (finite plume 
segments). With suitable input parameters, MESODIF can reproduce the results of a conventional 
Gaussian plume model in the near field from a source. Since its initial formulation, MESODIF has been 
modified by others and offered by EPA as one of the Users Network of Applied Models for Air Pollution 
Version IV Series under the name MESOPUFF. 


A continuous point source is often used to examine the effects of spatial and temporal variations of the 
low-altitude wind flows upon time-integrated concentration estimates. Because the transporting regional 
wind surrounding the INTEC exhibits curving, recirculating, and at times stagnating flows, a Gaussian 
simple continuous point source type of equation could not be used in MESODIF (because the resulting 
plume geometry would be inapplicable). Because the continuous point source equation is an integration of 
the more general Gaussian instantaneous point-source, this instantaneous point-source equation is the 
beginning point for MESODIF. 


The sigma values used in MESODIF are the Pasquill A through F stratifications of values measured from 
continuous plume releases of 0.5-hour to l-hour duration. The application of these rates to puff diffusion 
tends to slightly overestimate the dilution (underestimate the concentration) of puffs within the first few 
kilometers. The specifications of sigma values versus stability categories and trajectory distances 
primarily apply to distances of a few kilometers. These curves have been extrapolated to regional-scale 
distances in several INL field studies. 


In application, the MESODIF model disperses plume effluent through the advective transport of puff 
centers and through the diffusion of effluent puffs about their individual centers. The transport of puffs is 
determined from a horizontal field of spatially and temporally varying winds. 


For vertical dispersion, a capping stable layer or restricting lid to upward diffusion is considered. The 
height of the base of the capping lid or stable layer is denoted as “L.” In MESODIF, L is specified each 
hour to account for known diurnal variability of the depth of mixing. An hourly value of L is applied 
uniformly throughout the computation area. 


The source emission strength Q may be specified each hour if desired. For the INTEC site analysis, it has 
been held constant at one unit per hour; each puff then contains one unit divided among the number of 
puffs released per hour. Removal mechanisms such as dry deposition, precipitation scavenging, and 
chemical and photochemical changes are not incorporated. The two essential parts of the computation are: 
1) the determination of the locations of the puffs as they are carried by the wind, and 2) the calculation of 
the growth and subsequent dilution of each puff. A third portion of the computation involves the 
determination of the contribution of the puffs to the time-integrated dosage on any array of grid points. 
The concentration is computed and accumulated for each grid point within the radius of influence of each 
puff. 


2.3.4.2.2 MESODIF Modeling Assumptions and Input Data 


For TMI-2 ISFSI, the DOE completed a series of MESODIF runs to examine the spatial and temporal 
variations that would occur in the normalized concentration patterns for various source locations and for 
different periods of meteorological data. INTEC was modeled using MESODIF, normalized emission 
rates, surface releases, and a meteorological data set for 1980, 1981, and 1982 (Ref. 2-16). Also, a long-
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term average of 10 years of meteorological data has been used to produce annual long-term mean 
concentrations for 1974 through 1983). For the INTEC source location the 1974 through 1983, 1980, 
1981, and 1982 data sets were used. Key input parameters for the MESODIF modeling are summarized in 
Table 2.3-21 (Ref. 2-16). 


2.3.4.2.3 MESODIF Results 


Figure 2.3-22, Figure 2.3-23, Figure 2.3-24, and Figure 2.3-25 present isopleths of annual normalized 
total integrated concentration calculated by MESODIF. Concentration patterns overall are quite similar 
for the meteorological years and emission source locations (Ref. 2-16). The figures show a bimodal 
distribution with lobes extending along the annual prevailing wind directions for this area (southwest and 
northeast) and a rapid decrease in concentration with distance. 


Figure 2.3-22 presents concentration isopleths for normalized emissions from the TMI-2 ISFSI site with 
1980 meteorological data. The concentration pattern exhibits all of the general characteristics identified 
above. In addition, there is evidence of a minor tertiary concentration lobe extending southeast. 
Figure 2.3-23 presents concentration isopleths for normalized emissions from the TMI-2 ISFSI site with 
1981 meteorological data. Again, concentration patterns are similar to 1980 with slightly less 
development in the tertiary lobe. Concentration isopleths due to normalized emissions from the TMI-2 
ISFSI site, calculated using 1982 meteorological data, are presented in Figure 2.3-24. Concentration 
patterns are similar to the other 2 years but the magnitude of the concentrations appears somewhat lower 
in 1982. For 1982, the area enclosed by a line of given magnitude is generally smaller in 1982 than in 
1980 or 1981, indicating low concentrations closer to the source in 1982 than in either 1980 or 1981. 


Figure 2.3-25 presents the 10-year mean concentration isopleths for normalized TMI-2 ISFSI emissions 
calculated using the 1974 through 1983 meteorological data sets. These long-term mean isopleths exhibit 
all of the general characteristics shown by the isopleths for each individual year. The long-term mean 
isopleths are most like the isopleths calculated using 1982 meteorology in spatial distribution – the 
southwest-northeast extensions dominate, there is little tertiary lobe development, and the maximum 
concentration areas near the source are more confined and localized than in the other study years. Thus, it 
appears that the 1982 meteorological data set used in the TMI-2 ISFSI site modeling is most 
representative of long-term meteorological patterns. 
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2.4 SURFACE HYDROLOGY 


The following sections discuss the hydrology of the region, the INL, and the ISF Facility site as it pertains 
to the design basis, performance requirements, and operation of the ISF Facility. 


2.4.1 Hydrologic Description 


The INL is in the Pioneer Basin, a closed topographic depression on the Eastern Snake River Plain that 
receives intermittent runoff from the Big Lost River, Little Lost River, and Birch Creek drainage basins 
(Figure 2.1-8). The Pioneer Basin is not crossed by any perennial streams because the permeability of 
alluvium and underlying rock causes the water to infiltrate into the ground. The largest stream, the Big 
Lost River, enters the INL near the southern end from the west and, during exceptionally wet years, flows 
in a large arc northeast to the foot of the Lemhi Mountain Range, where it ends in a series of playas 
(sinks). The only other naturally occurring stream on the INL is Birch Creek, which enters from the north. 
This stream is usually dry except during heavy spring runoff, when water may flow onto the INL. The 
Little Lost River approaches the INL from the northwest through Howe and ends in a playa just off the 
INL. 


The Big Lost River is the most important element affecting the surface water hydrology of the INL and 
INTEC. (Figure 2.4-1) The Big Lost River discharges an average of 2.6 x 108 cubic meters per year 
(211,000 acre-feet per year) below Mackay Dam, 48 kilometers (30 miles) northwest of Arco (Ref. 2-18). 
The largest recorded annual flow of the Big Lost River for the entire period of record occurred in 1984 
and amounted to 5.8 x 108 cubic meters per year (476,000 acre-feet per year), measured below Mackay 
Dam. The second largest annual flow occurred in 1965 and amounted to roughly three-quarters of the 
1984 record (Ref. 2-19). 


Other than these intermittent streams, playas, and manmade percolation, infiltration, and evaporation 
ponds, there is little surface water at the INL. Surface water that reaches the INL is not used for 
consumption (e.g., irrigation, manufacturing, or drinking) and no future uses of surface water that reaches 
the INL are identified. 


2.4.1.1 Site and Structures 


Vertical control for the ISF Facility design is based on the 1988 Geodetic Survey, North American Vertical 
Datum (NAVD 88). Elevation references, from others, are based on an INL site-specific datum (1986 
Flood Study Datum) developed from the 1929 Geodetic Survey Datum (NGVD 1929). 


The ISF site is adjacent to the southeastern portion of INTEC, about 1200 meters (4000 feet) from the Big 
Lost River channel. The ISF site grade access elevation will be 1499 meters (4917 feet) at the existing 
ground surface, as shown in Figure 2.4-2. Grading will provide for positive drainage of runoff away from 
the ISF Facility structures. Runoff will be directed to the existing storm drainage areas. The final grade is 
not expected to result in changes to the natural drainage patterns in the ISF site area. 


2.4.1.2 Hydrosphere 


Stream flows from the Little Lost River and Birch Creek seldom reach the INL (Figure 2.1-8) and would 
not affect the ISF site, as they are to the north. The Little Lost River drains the slopes of the Lemhi and 
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Lost River ranges. Water in the Little Lost River is diverted seasonally for irrigation north of Howe, 
Idaho, and does not flow onto the INL. Birch Creek originates from springs below Gilmore Summit in the 
Beaverhead Mountains and flows southeast onto the Snake River Plain. The water in the creek is diverted 
north of the INL for irrigation and hydropower purposes. In the winter, when the water is not being used 
for irrigation, flows are returned via a manmade channel to the main Birch Creek channel within the INL 
boundary. The channel leads to a gravel pit near Playa 4, approximately 6.4 kilometers (4 miles) north of 
TAN. Here it infiltrates the channel and gravel pit bottom, thereby recharging the Snake River Plain 
Aquifer. 


The Big Lost River is the principal natural surface-water feature on the INL and the only stream 
potentially affecting the ISF Facility. It flows southeast from Mackay Dam, through the Big Lost River 
Basin past Arco, Idaho, and onto the Snake River Plain. Stream flows are often depleted by irrigation 
diversions and infiltration losses before reaching the INL. When flow in the Big Lost River reaches the 
INL, it is either diverted to the Flood Diversion Facility or flows north across the INL in a shallow, 
gravel-filled channel to its terminus in the Big Lost River playas, where its flow is lost to evaporation and 
infiltration recharging the Snake River Plain Aquifer. For monthly discharge of the Big Lost River at 
Lincoln Boulevard near the INTEC, see Table 2.4-1. 


Major control on the Big Lost River upstream of the ISF site includes the Mackay Dam and the INL 
Flood Diversion Facility. See Table 2.4-2 for Mackay Dam and INL Flood Diversion Facility reservoir 
characteristics. 


2.4.1.2.1 Mackay Dam 


Mackay Dam, about 72 kilometers (45 miles) upstream from the INL, impounds water from the Big Lost 
River for irrigation purposes downstream. Mackay Dam is a 433-meter (1430-foot) long, 24-meter (79-
foot) high earth-filled dam built for the Big Lost River Irrigation District. The dam was completed in 
1917 and has a storage capacity of 5.0 x 107 m3 (44,500 acre-feet) and surface area of 502 hectares 
(1241 acres) at a water surface elevation of 1849 meters (6066.5 feet) (Table 2.4-2). There is an ungated 
overflow spillway with a weir length of 23 meters (75 feet) at elevation 1849 meters (6066.5 feet) near 
the west abutment of the dam. The spillway is designed for a discharge of 92 cubic meters per second 
(m3/s) (3250 cubic feet per second [cfs]) with 1.2 meters (4 feet) of freeboard on the dam. The outlet 
works are also located near the west abutment and extend through the embankment and under the 
spillway to form an outlet channel. The outlet works consist of five motor-operated slide gates measuring 
1.2 by 1.4 meters (4 by 8 feet) mounted in an upstream control tower. The arched-roof outlet tunnel 
measures 3 by 3 meter (10 by 10 foot), and reaches 152 meter (500 feet) downstream into a 3 meter 
(10-foot) diameter steel pipe, which extends to the outlet. At the outlet, the pipe branches into six 
1.2 meter (4-feet) diameter pipes emptying into a stilling basin at the toe of the dam. The total discharge 
capacity of Mackay Dam is less than 283 m3/s (10,000 cfs). Water from the Big Lost River is impounded 
for the irrigation of about 57,500 acres of land downstream from the reservoir and for recreational 
opportunities. Another 10,200 acres of land upstream from the reservoir are also irrigated with Big Lost 
River water. 


2.4.1.2.2 INL Flood Diversion Facility 


The INL Flood Diversion Facility includes a diversion dam, dikes, and spreading areas about 
16 kilometers (10 miles) upstream from INTEC. The Flood Diversion Facility was constructed in 1958 
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and enlarged in 1984 to reduce the threat of flood at the INL from the Big Lost River. The Flood 
Diversion Facility controls or divides the flow in the Big Lost River between the spreading areas to the 
south and the playas to the north. The water can be temporarily stored until it infiltrates into the ground, 
thus precluding flows of flood size past the INTEC and other INL facilities. The spreading areas (A, B, C, 
and D) and the playas (1, 2, 3, and 4) are shown in Figure 2.4-1. The Flood Diversion Facility has an 
elevation between 1533.1 and 1543.7 meters (5030 and 5064.7 feet); the INTEC lies at about 1498 meters 
(4917 feet). The playas, about 29 kilometers (18 miles) downstream from INTEC, lie between an 
elevation of 1456.9 and 1460 meters (4780 and 4790 feet). 


The Flood Diversion Facility diversion dam consists of a small earthen diversion dam and headgate that 
diverts water from the main channel, through a connecting channel, and into a series of four natural 
depressions called spreading areas. Flow in the diversion channel is uncontrolled at discharges that 
exceed the capacity of the culverts. The diversion channel can carry 204 m3/s (7200 cfs) from the Big 
Lost River channel into the spreading areas. Two low swales southwest of the main channel will carry an 
additional 59 m3/s (2100 cfs), for a combined diversion capacity of 263 m3/s (9300 cfs) (Ref. 2-20). The 
capacity of the spreading areas is about 7.2 x 107 m3/s (58,000 acre-feet) at an elevation of 1530 meters 
(5050 feet) (Ref. 2-21). An overflow weir in Spreading Area D allows water to drain southwest, off the 
INL. To date, runoff from the Big Lost River has never exceeded the capacity of the spreading areas 
(Ref. 2-22). Gates placed on two corrugated-steel culverts control flow downstream onto the INL. At full 
capacity, the culverts can handle up to 25.5 m3/s (900 cfs) of flow through the diversion dam downstream 
onto the INL. 


There are no users of the surface water that reaches the INL. 


2.4.2 Floods 


Because this is not a flood-dry site, as defined in American National Standards Institute/American 
Nuclear Society-2.8-1981, the following analysis is presented. 


2.4.2.1 Flood History 


A study of recorded discharge data from several U.S. Geological Survey (USGS) stream flow stations 
along the Big Lost River upstream of the INL suggests a history of low-magnitude floods (Ref. 2-23). 
Flooding in the Big Lost River basin is associated with peak flows during the snowmelt season and 
occasional flooding caused by ice jams in the stream channel. Big Lost River flows seem to be attenuated 
by the gravels, deep alluvium, and permeable basalt found in the channel bed. These stream flow losses, 
combined with controlled stream flow, diversion canals, and irrigation use, significantly affect the natural 
flood peaks. Downstream of the INL, the local semi-arid climate, relief, and geology combine to regulate 
local runoff. Local flooding in the past has been associated with unseasonably warm temperatures and 
rain on frozen ground, as the following local flood history describes. 


1965 Flood. A record snow pack occurred in the Big Lost River basin in the winter of 1964-65. The 
maximum runoff occurred in late June. The Mackay Reservoir was full and most of the runoff passed 
down to the basin and through the Flood Diversion Facility on the INL. During the flood peak (June 29, 
1965), approximately 51 m3/s (1,800 cfs) were diverted to the spreading areas from a peak flow of 
62 m3/s (2215 cfs). The Big Lost River overflowed its banks above Arco through most of June. On the 
INL, the flood was controlled by the Flood Diversion Facility and by storage and infiltration in the river 
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channels, playas, and sinks. The water did not reach the end of the Big Lost River channel at the Birch 
Creek playa. This flood exhibited the largest crest and largest water volume to be discharged onto the INL 
in 65 years of record. Significant as it was, this flood caused no damage to INL facilities. 


1984 Flood. High stream flows in the Big Lost River and a severe cold spell during the winter of 1983-84 
caused ice jams that threatened localized flooding. Ice buildup in Spreading Area A (Figure 2.4-1) 
resulted in waters backing up in the diversion channel and ultimately threatening to overtop Dike 1. The 
high stream flows in the Big Lost River in 1983 and 1984 were largely the result of the Borah Peak 
earthquake of October 28, 1983. The earthquake created new springs upstream of Mackay Reservoir, 
which significantly increased the inflows to the reservoir. Outflows from the reservoir were also increased 
to reduce the storage behind the dam. Downstream INL facilities were not threatened or damaged by this 
accumulation of ice in the diversion channel. 


In response to this flood threat, the Diversion Area was upgraded to provide additional flood control, 
increasing the diversion channel flow capacity of 71 m3/s (2500 cfs) to over 255 m3/s (9000 cfs). 


During the winter months there is generally no flow in the Big Lost River downstream on the INL. If 
there is, however, the flow is diverted to the Flood Diversion Facility to avoid the accumulation of ice in 
the main channel, reducing the possibility of flooding downstream. The review of the historical 
information since the TMI-2 ISFSI was licensed, determined that no flooding or inundation from storms 
or runoff has caused recent flooding of the INTEC and ISF site area.  


2.4.2.2 Flood Design Considerations 


As noted above, no flooding or inundation from storms or runoff has caused flooding of the ISF site to 
date. The ISF site is slightly below the probable maximum flood elevation (4917 feet versus probable 
maximum flood nominal elevation of 4921 feet) based on NAVD 88 datum. Chapter 8, Accident Analysis, 
addresses the consequences of flooding at the ISF site. Such flooding would not cause structural damage 
or create significant offsite radiological consequences. 


2.4.2.3 Effects of Local Intense Precipitation 


Normal rainfall is generally higher in the mountains to the west than it is in the Pioneer Basin. For 
average, highest, and lowest total monthly and annual precipitation at CFA from January 1950 to 
December 1988, see Table 2.3-6. Thunderstorms are infrequent on the INL, and the total amount of rain 
generated during a thunderstorm is usually relatively small because of the arid climate of the Snake River 
Plain. 


2.4.3 Probable Maximum Flood on Streams and Rivers 


The probable maximum flood represents the hypothetical flood considered to be the most severe flood 
event reasonably possible, based on hydro-meteorological application of maximum precipitation and 
other hydrologic factors. The probable maximum flood may be caused by either an unusually severe 
storm or some catastrophic event, such as a dam failure. The probable maximum flood resulting from an 
overtopping failure of the Mackay Dam caused by an extreme precipitation event is the bounding scenario 
for INL facilities. Figure 2.4-3 represents the probable maximum flood hydrograph and Figure 2.4-4 is the 
inundation map for the probable maximum flood-induced failure of Mackay Dam. Table 2.4-3 provides 
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information on the peak water-surface elevation, peak flow, water velocity, and time of wave arrival at 
several downstream locations for this dam failure scenario. 


Information presented in this section reflects the data provided in the TMI-2 ISFSI SAR (Ref. 2-1). The 
TMI-2 ISFSI SAR was based on the Flood Routing Analysis for a Failure of Mackay Dam prepared for 
the DOE to provide the basis for assessing and developing flood protection systems for the INL 
(Ref. 2-24). 


2.4.3.1 Probable Maximum Precipitation 


The probable maximum precipitation for the drainage basin above Mackay Dam is based on a 48-hour 
general storm in June, preceded 3 days in time by an antecedent storm with a magnitude of 40 percent of 
the 48-hour storm (Ref. 2-24). This scenario provides for no flow losses to the ground. It represents 
situations in which the ground may be frozen or fully saturated. The peak flow for the probable maximum 
flood is 82,100 cfs, occurring 154 hours after the beginning of the storm. The probable maximum flood 
estimate falls within the 50,000 to 200,000 cfs Myers envelope curve used by the U.S. Army Corps of 
Engineers. The probable maximum flood peak flow is almost 20 times higher than the highest flow of 
4420 cfs recorded at Howell Ranch, a USGS station approximately 27 kilometers (17 miles) northwest of 
the dam. The probable maximum flood is based on the maximum potential for critical hydro-
meteorological conditions to occur, not on probabilities or historical flood frequencies. 


2.4.3.2 Precipitation Losses 


The Big Lost River leaves the mountains at Arco. Below this point, the topography and drainage 
characteristics change along the river. The area is a low, flat plain with basalt bedrock. The drainage from 
most of the Pioneer Basin is integrated with the Big Lost River. Locally, some depressions in the basalt 
receive intermittent runoff. There is seldom enough precipitation in this area to exceed the infiltration 
capacity of the soil to create intermittent streams to the Big Lost River. 


2.4.3.3 Runoff Model 


The combined Big Lost River Basin and Pioneer Basin range in elevation from 1454 meters (4784 feet) to 
over 3830 meters (12,600 feet). Thus, this area has over 375 meters (8800 feet) of relief, resulting in large 
differences in temperature and climate at any given time. The low land in the Pioneer Basin is subject to 
periods of warm wind, rain, and snowmelt during the winter. These conditions cause runoff and minor 
flooding in the lower basins during regional storms and substantially increase the snow pack in the 
uplands. The largest documented runoffs in the lower parts of the basins have occurred in January, 
February, or March; the maximum runoff from the highlands is usually in May or June. Generally, frost 
leaves the ground in the Pioneer Basin and the valley floors of the mountain basins in March or April; the 
permeable soils and gravels can then accept surface water by infiltration before most of the snow pack 
starts to melt. Most surface water reaching the Pioneer Basin from the tributary drainage basins eventually 
infiltrates beneath the soil and rock to the groundwater reservoir. The remainder is lost through 
evaporation. 
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2.4.3.4 Probable Maximum Flood Flow 


Because the spillway of Mackay Dam is not adequate to pass the effects of the probable maximum 
precipitation safely, overtopping and subsequent breaching of the dam due to this probable maximum 
precipitation storm were analyzed. During this projected overtopping failure, the inflow is sufficient to 
raise the water surface above an elevation of 1852 meters (6077 feet), 0.3 meter (1 foot) above the crest of 
the dam. A trapezoidal breach was assumed to develop over a 1-hour period and extend to the base of the 
dam. The computer code DAMBRK, developed by the National Weather Service, was used in the flood-
routing analysis (Ref. 2-24). 


The peak flow resulting from the probable maximum precipitation-induced overtopping failure is 306,700 
cfs in the reach immediately downstream of the Mackay Dam (Table 2.4-3). This peak flow attenuates to 
71,850 cfs at the INL Diversion Dam and to 66,830 cfs at INTEC. The flood wave reaches the INL 
Diversion Dam in 10 hours and the INTEC in 13.5 hours. Water velocities are approximately 1 to 
3 feet/second downstream on the INL. 


2.4.3.5 Water Level Determinations 


The computer program DAMBRK identified the water levels at specified locations for the probable 
maximum flood-induced overtopping failure (Ref. 2-24). Peak water surface elevations, flow, velocity, 
and time of the wave arrival are identified in Table 2.4-3.  


The data in these tables is based on an INL site-specific vertical datum (1986 Flood Study Elevation 
datum) adjusted from the NGVD 1929 datum. 


The elevations reflected in the Flood Routing Analysis for a Failure of Mackay Dam (Ref. 2-24) differ 
from the NAVD 88 datum by 3.71 feet. Therefore, to convert 1986 Flood Study elevations to NAVD 88 
datum elevations, 3.71 feet must be added to the 1986 Flood Study elevation. 


The worst flooding condition at the INTEC results from the failure of Mackay Dam due to the probable 
maximum precipitation storm. The floodwaters within the ISF Facility area would reach up to 
1499.83 meters (nominally 4921 feet) based on the NAVD 88 datum. The final graded ground surface 
elevation at the ISF site will be 1498.7 meters (4917 feet). The first floor elevation of the ISF facilities is 
at elevation 1498.8 meters (4917.5 feet). The Transfer Area floor is at 4917.5 feet, the Storage Area floor 
is at 4918 feet, and the Cask Receipt Area is at 4913.2 feet. The effects of the flood waters on important to 
safety (ITS) equipment and the actions to mitigate the effects of flooding are reflected in Chapter 8, 
Accident Analysis. 


2.4.3.6 Coincident Wind-Wave Activity 


Wind activity at the INL coincident with the largest projected flood crest could not produce waves that 
would exceed 0.2 meter (0.5 foot), primarily because of the shallow depth of water surrounding most 
INTEC buildings (Ref. 2-25). Thus, the static and dynamic effects of wave activity would be negligible. 


2.4.4 Potential Dam Failures (Seismically Induced) 


Mackay Dam was classified as a high-hazard dam by the State of Idaho in a 1978 inspection that utilized 
the U.S. Army Corps of Engineers guideline for safety inspection of dams (Ref. 2-25). This classification 
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is based on the concentration of people and property downstream, the size of the dam, and its storage 
capacity, not on any aspect of the dam’s current condition or operation. 


Mackay Dam is in a region of historical seismicity, as evidenced by the 1983 Borah Peak earthquake. The 
performance of the dam during this earthquake demonstrated the stability of the embankment during 
moderate ground motion; however, Mackay Dam was built without any seismic design criteria. Therefore, 
a seismically induced dam failure has been analyzed to determine potential impacts at the INL (Ref. 2-
24). This analysis assumed a postulated seismic failure of Mackay Dam during an inflow to the reservoir 
equal to the 25-year recurrence interval flood (peak flow 4030 cfs). Because a seismic event could 
potentially disrupt a significant part of the dam’s structure, the breach was assumed to be trapezoidal, 
extending to the bottom of the structure at an elevation of 5997 feet, and developing over a 1-hour period. 
The peak flow from the seismic dam failure in the reach immediately downstream of the dam is 
107,480 cfs (Table 2.4-4). This peak flow attenuates to 45,410 cfs at the INL Flood Diversion Facility 
Dam and to 39,080 cfs at the INTEC. The leading edge of the wave reaches the INL diversion dam in 
about 12 hours and the INTEC in about 16 hours. Average water velocities on the INL are 1 to 3 feet per 
second. 


2.4.4.1 Reservoir Description 


See Section 2.4.1.2 for information related to Mackay Dam and INL Flood Diversion Facility Dam. 


2.4.4.2 Dam Failure Permutations 


Sections 2.4.3 and 2.4.4 discuss, respectively, the projected overtopping dam failure due to the probable 
maximum precipitation, and a seismically induced dam failure. Other dam failure permutations examined 
include two hydraulic (piping) failures concurrent with 100-year and 500-year inflow floods to the 
reservoir under this scenario. The INL Flood Diversion Facility Dam would be overtopped by the 
floodwaters released by the failure of Mackay Dam. This overtopping of the INL Flood Diversion Facility 
Dam will contribute to the flooding downstream on the INL. The DAMBRK analysis assumes that the 
INL diversion dam begins to fail when floodwaters reach 5065 feet, an overtopping depth of 0.3 foot. 
Because of the small size of this dam, the breach is assumed to be fully developed after 0.1 hour, an 
essentially instantaneous failure. Characteristics of the four hypothetical dam failures analyzed are 
provided in Table 2.4-5. 


2.4.4.3 Unsteady Flow Analysis of Potential Dam Failures 


The flood from dam failure would initially travel down a valley between basalt flows. The initial velocity 
would be high near the failure, but the average velocity would decrease to approximately 1 foot per 
second (fps) near the INL Flood Diversion Facility Dam. Water entering the INL Flood Diversion Facility 
Dam from this flood is much less than the actual capacity of the spreading areas. Water that bypasses the 
Flood Diversion Facility would continue to spread out across the floodplain and have a peak water 
velocity of 2.7 fps at INTEC. 


2.4.4.4 Water Level at ISF Site 


The ISF Facility design basis is a probable maximum flood on the Big Lost River as described in 
Section 2.4.3. 
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2.4.5 Probable Maximum Surge and Seiche Flooding 


The INL, on the Eastern Snake River Plain, is remote from major bodies of water; therefore, surge and 
seiche flooding are not potential natural phenomena. 


2.4.6 Probable Maximum Tsunami Flooding 


The Eastern Snake River Plain, on which the INL is located, is remote from major bodies of water; 
therefore, tsunami flooding at the INL is not a potential natural phenomenon. 


2.4.7 Ice Flooding 


Ice flooding is not a threat at the INL because, during the winter months, flow of the Big Lost River is 
diverted to the Flood Diversion Facility to avoid ice accumulation in the main channel downstream of the 
diversion dam. Possible ice jams upstream of the diversion dam are of no concern because overflowing of 
the banks at that location can cause no damage to the INTEC. 


2.4.8 Flooding Protection Requirements 


Chapter 8, Accident Analysis, addresses the flood protection requirements at the ISF site. 


2.4.9 Environmental Acceptance of Effluents 


The ISF Facility design permits portions of the buildings to be flooded in the event of the design basis 
flood. Contamination to the outside of the facility was analyzed and is discussed in Chapter 8, Accident 
Analysis. 


There are no liquid discharges to the environment, therefore, the surface hydrology is not affected by any 
effluents. The ISF Facility liquid systems have limited interfaces with the environment, therefore, there 
are limited scenarios that could yield an inadvertent release of effluents to the environment. The ISF 
Facility site is sloped to the southeast to allow stormwater to be routed to a storm drain ditch. It is 
anticipated that any inadvertent release of liquid effluent would also follow this path and be collected in 
the storm drain ditch.  


Any liquid that did infiltrate the ground surface would not greatly affect the regional groundwater quality. 
This conclusion is based on previous groundwater computer modeling done of the vadose zone. The 
vadose (unsaturated) zone extends from the ground surface down to the water table (aquifer). Within the 
vadose zone, water and air occupy openings in the geologic materials. Subsurface water in the vadose 
zone is referred to as vadose water. At the INL this complex zone consists of surface sediments (primarily 
clay and silt, with some sand and gravel) and many relatively thin basaltic lava flows, with some 
sedimentary interbeds. The vadose zone protects the groundwater by filtering many contaminants through 
adsorption, buffering dissolved chemical wastes, and the slowing transport of contaminated liquids to the 
aquifer. The vadose zone also protects the aquifer by storing large volumes of liquid or dissolved 
contaminants released to the environment through spills or migration from disposal pits or ponds, 
allowing natural decay processes to occur (Ref. 2-26). 
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2.5 SUBSURFACE HYDROLOGY 


The INL is in the Eastern Snake River Plain and is underlain by the Snake River Plain Aquifer. A 
description and discussion of this aquifer provides the essence of the INL subsurface hydrology. Because 
the ISF site geohydrology is encompassed within the INL geohydrology, they are interrelated; therefore, 
the INL geohydrology is presented in this section. Much of the information presented in this section is 
from the USGS. Since 1949, the USGS has maintained a monitoring network of the INL to determine 
hydrologic trends of the Snake River Plain Aquifer. 


2.5.1 Regional Characteristics 


The Snake River Plain Aquifer is characterized as a thick sequence of basalts and sedimentary interbeds 
filling a large and structural basin about 322 kilometers (200 miles) long and 80 to 129 kilometers (50 to 
70 miles) wide in southeastern Idaho (Figure 2.5-1). The INL is underlain with basalt flows 3 to 23 
meters (10 to 75 feet) thick with interbedded layers of fluvial, lacustrian, windblown, and pyroclastic 
sediments. The basalt and sediment underlying the INL are saturated at depth, and together form the 
Snake River Plain Aquifer. Most of the permeability occurs along the upper and lower contacts of 
successive basaltic flows, which have large and irregular fractures, fissures, and other voids. These 
discontinuities lead to a large degree of heterogeneity and anisotropy in the hydraulic properties of the 
aquifer. 


The Big Lost River, entering the topographic depression of the Eastern Snake River Plain, is the only 
significant natural recharge to the aquifer. The Big Lost River drains more than 2254 square kilometers 
(1400 square miles) of mountainous area that includes parts of the Lost River Range and the Pioneer 
Range west of the INL. Flow in the Big Lost River infiltrates the Snake River Plain Aquifer along its 
channel and at sinks and playas at the river’s end. Other surface drainages to the Snake River Plain 
Aquifer include Birch Creek, Little Lost River, and Camas Creek. 


Groundwater generally flows northeast to southwest at an average hydraulic gradient of approximately 
1 meter (4 feet) per mile (Figure 2.5-2). Nearly 8 x 109 cubic meters (2.8 x 1011 cubic feet) of water is 
discharged by the aquifer annually. Most of the discharge occurs as spring flow between Hagerman and 
Twin Falls. About 2.6 x 109 cubic meters (9.1 x 1010 cubic feet) of irrigation water are pumped from the 
Snake River Plain Aquifer in a typical year. About half of this water reenters the ground as return flow to 
the aquifer. 


The altitude of the regional groundwater surface underlying the INL ranges from an elevation of about 
1402 meters (4600 feet) in the north to about 1341 meters (4400 feet) near the southwest boundary of the 
INL. Due to the large volume of water and the hydraulic gradient, reversing the aquifer flow is highly 
unlikely.  


The Snake River Plain Aquifer, one of the largest and most productive groundwater resources in the 
United States. The aquifer is listed as a Class I aquifer and was designated by the EPA as a sole-source 
aquifer in 1991. Groundwater from this aquifer supplies essentially all drinking water consumed in the 
Eastern Snake River Plain. 


The Snake River Plain Aquifer is the only source of water used at the INL. Figure 2.5-3 shows the wells 
where water is being withdrawn within 8 kilometers (5 miles) of the ISF site. Table 2.5-1 lists the INL 
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production wells, the depth of each well, the depth to water at each well, and the annual volume of water 
withdrawn from each well. The wells withdraw water from the main body of the Snake River Plain 
Aquifer. The water withdrawn from each well is used for potable water, ground maintenance, and 
necessary INL operations. The ISF Facility will use groundwater provided from the INTEC and will not 
require any additional wells. 


The underflow (i.e., that amount of water passing directly under the INL boundaries) of the INL is 
approximately 1.8 x 109 cubic meters per year (4.7 x 1011 gallons per year); consumption is less than 
1 percent of the INL underflow and less than 0.1 percent of the total annual aquifer discharge. 


Irrigated agriculture provides a significant portion of the economic base for southern Idaho, and the Snake 
River Plain Aquifer plays a major role in meeting irrigation requirements. The aquifer provides 
groundwater for irrigation of over one-third of the 3 million irrigated acres of the Snake River Plain. It is 
estimated that over 127,000 people depend on the aquifer for domestic and municipal water needs. Total 
domestic water consumption is approximately 46,000 acre-feet per year and groundwater discharge from 
well pumpage equals approximately 1.92 million acre-feet (Ref. 2-27). 


2.5.2 Site Characteristics 


The Snake River Plain Aquifer at the INL ranges from 61 meters (200 feet) below ground surface in the 
northern sectors to about 274 meters (900 feet) below ground surface in the southern sectors. Figure 2.5-4 
shows the contours of depth to the water table at the INL. 


The transmissivity of the aquifer generally ranges from 1.3 x 104 to 1.2 x 108 cubic meters per day per 
meter (1.0 x 106 to 1.0 x 108 gallons per day per foot). The average value for transmissivity is 6.2 x 104 
cubic meters per day per meter (5.0 x 106 gallons per day per foot). Measured coefficients of the aquifer 
are highly variable both spatially and temporally, ranging from 0.001 to 0.2 and averaging 0.15. The 
effective porosity ranges from 5 to 10 percent. 


Because of abundant rain and snowfall in the surrounding mountains, groundwater from the Snake River 
Plain Aquifer is low in dissolved solids and is satisfactory for most purposes without treatment. The 
groundwater contains calcium and magnesium carbonate as the major dissolved solids. The groundwater 
has a pH range of 7.7 to 9.6 with a median of 8.01 (Ref. 2-28). 


Low levels of radioactive contamination are present in the groundwater near the ISF site, due to past 
disposal of wastewater using an injection well at INTEC. Since the use of the well was discontinued and 
the well was sealed, the contaminant levels have been dropping steadily. The major radionuclides in the 
contamination are 3H, 90Sr, and 137Cs. 


The ISF site does not have any monitoring wells. There are no groundwater recharge areas within the 
influence of the installation. Small amounts of groundwater are used in operation of the ISF Facility. This 
water comes from existing INTEC wells. 
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2.5.3 Contaminant Transport Analysis 


The ISF Facility does not have any liquid discharges to the environment, therefore, there is no means 
during normal operation for contamination to be transported to the subsurface hydrology. The ISF Facility 
does not effect any users of the Snake River Plain Aquifer. 


The ISF Facility design permits portions of the buildings to be flooded in the event of the design basis 
flood. Refer to Chapter 8, Accident Analysis. 
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2.6 GEOLOGY AND SEISMOLOGY 


2.6.1 Basic Geologic and Seismic Information 


2.6.1.1 Geomorphology 


The INL is on the eastern portion of the Snake River Plain Province (Figure 2.6-1), a broad low-relief 
basin floored with basaltic lava flows and terrigenous sediments (sediment derived directly from the 
destruction of rocks on the earth’s surface). The Snake River Plain is about 80 to 100 kilometers (50 to 
62 miles) wide and over 560 kilometers (348 miles) long. It extends in a broad arc from the Idaho-Oregon 
border on the west to the Yellowstone plateau on the east. The Snake River Plain transects and sharply 
contrasts with the mountainous country of the northern Basin-and-Range Province and the Idaho 
Batholith (Figure 2.6-2). Surface elevations on the Snake River Plain decrease continually and gradually 
from about 2000 meters (6562 feet) near Yellowstone to about 650 meters (2132 feet) near the Idaho-
Oregon border (Ref. 2-29). Summits of mountains surrounding the Plain range up to 3700 meters 
(12,140 feet) in elevation, producing a maximum elevation contrast of about 2300 meters (7545 feet). 


The northern Basin-and-Range Province, which bounds the Snake River Plain on the south, is composed 
of north-to-northwest trending mountain ranges (with peaks up to 3700 meters high) separated by 
intervening basins (1400 to 1600 meters in elevation) filled with terrestrial sediments and volcanic rocks. 
Individual mountain ranges in the vicinity of the Snake River Plain are up to 200 kilometers (124 miles) 
long and 30 kilometers (19 miles) wide. They are sharply separated from the intervening basins by late 
Tertiary to Quaternary normal faults (Ref. 2-30). The basins are 5 to 20 kilometers (3 to 12 miles) wide 
and grade onto the Eastern Snake River Plain. 


The Yellowstone Plateau, at the northeastern end of the Eastern Snake River Plain, is a high volcanic 
plateau underlain by Pleistocene rhyolitic volcanic rocks (Figure 2.6-1 and Figure 2.6-2). With elevations 
of about 2100 to 2600 meters (6890 to 8530 feet), it is significantly higher than the Snake River Plain but 
not as high as the mountain summits of the northern Basin-and-Range Province. The Plateau is 
characterized by extremely high heat flow from the surface, high temperatures at shallow depths, 
abundant hot spring, fumarolic and geyser activity, and landforms controlled by thick rhyolitic lava flows 
(Refs. 2-31, 2-32 and 2-33). These characteristics reflect recent volcanic activity in the area (2 million 
years ago to several tens of thousands of years ago) (Ref. 2-33). 


The Idaho Batholith, which adjoins the northern margin of the central Snake River Plain, is characterized 
by a large area of irregular mountainous terrain with peaks ranging in elevation from 2400 to 3700 meters 
(7870 to 12,140 feet) (Ref. 2-34). Streams dissecting the area usually have dendritic drainage patterns 
reflecting the homogeneous nature of the underlying granitic rocks that comprise the batholith. 


The four physiographic provinces described here (the Eastern Snake River Plain, the northern Basin-and-
Range Province, the Yellowstone Plateau, and the Idaho Batholith) also correspond to tectonic or seismo-
tectonic provinces. Each province has a different seismogenic potential, determined by the nature of its 
intrinsic tectonic processes. The nature and seismogenic potential of these tectonic processes is discussed 
in Section 2.6.2, Vibratory Ground Motion. 
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2.6.1.2 Geologic History 


2.6.1.2.1 Paleozoic, Mesozoic, and Early Cenozoic Era History 


The mountains northwest of the Eastern Snake River Plain, near the INL, are composed of thick 
sequences of late Precambrian through Pennsylvanian sedimentary strata. The Precambrian through lower 
Ordovician rocks are mostly clastic (shale, quartzite), whereas the upper Ordovician through 
Pennsylvanian rocks are mostly carbonates (dolomites, limestone). They occur within westward dipping 
thrust sheets that formed during east-directed Mesozoic compressional tectonism (Refs. 2-35 and 2-36). 


During the Paleozoic and Mesozoic eras, continental shelf carbonates (limestone and dolomites) were 
deposited in a north-trending belt, which included southeastern Idaho, along the western margin of the 
North American continent (Ref. 2-37). Thrust faulting accompanied the deposition of these sediments in 
the Paleozoic era (Antler orogeny), in the Paleozoic/Mesozoic era (Sonoma orogeny), and again in 
Mesozoic/Cenozoic era (Sevier/Laramide orogenies). This thrust faulting produced the Idaho/Wyoming 
thrust belt (overthrust belt) that extends through eastern Idaho (Figure 2.6-3). In the early Cenozoic era, 
eastward-directed thrust faults and belts of deformation may have continued uninterrupted through 
southeast Idaho. 


Large volumes of granitic rock were emplaced by igneous intrusion into the upper crust during Mesozoic 
and early Cenozoic eras, thrusting to produce the Idaho Batholith in central Idaho (Figure 2.6-3). 
Subduction of the Pacific plate beneath the North American plate caused large-scale melting of the 
lithosphere throughout the western cordillera. In addition to the Idaho Batholith, the Sierra Nevada 
Batholith and other large granitic intrusive bodies were formed during this time. 


In the early Cenozoic era, northwest to southeast-directed extension produced the northeast-trending 
Trans-Challis fault zone and the associated Custer and Panther Creek grabens (Figure 2.6-4). 
Accompanying volcanism caused caldera subsidence along the trend of the grabens. Volcanic rocks of the 
Challis volcanic field, which covers much of south-central Idaho adjacent to the northwestern margin of 
the Eastern Snake River Plain, were erupted from sources along the Trans-Challis zone and elsewhere in 
south-central Idaho. 


2.6.1.2.2 Late Cenozoic and Quaternary Era History 


The Yellowstone Hotspot 


The processes that caused development of the Eastern Snake River Plain began about 17 million years 
ago. A rising plume of anomalously hot rocks in the earth’s mantle (the Yellowstone Hotspot) first 
impinged on the base of the lithosphere at that time. Because the mantle plume is rooted deep in the earth, 
it has remained relatively stationary while the lithosphere and crust (North American plate) have shifted 
across it due to plate tectonic processes. Approximately 17 million years ago, the North American plate 
was positioned so that the area now located in north-central Nevada was directly above the hotspot. As 
plate tectonic activity has moved the plate southwestward at about 3.5 centimeters per year (1.4 inches/ 
year), the hotspot has left distinctive effects, evidenced by a broad crescent-shaped plain extending from 
Yellowstone National Park to north-central Nevada. 
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The effects of the Yellowstone Hotspot on the lithosphere and crust have been profound. Two types of 
large-scale melting have occurred. First, melting of the hot mantle material in the rising plume itself and 
generated basaltic melts (magmas) that migrated into the crust about 20 kilometers (12 miles). This 
melting was due to the decrease in pressure on high-temperature mantle material as it moved from great 
depth. Second, melting of crustal rocks produced granitic melts that migrated upward to near-surface 
reservoirs and caused widespread explosive and effusive rhyolitic volcanism typical of that at 
Yellowstone National Park. This melting was due to heating of crustal rocks by the much hotter basaltic 
magmas that rose from the mantle plume. 


The observable surface effects of the Hotspot today include widespread, large-volume sheets of rhyolitic 
volcanic rocks emplaced by explosive processes, large-volume rhyolitic lava flows, calderas from which 
the rhyolitic volcanic rocks erupted, elevated topography in the area directly over the hotspot due to 
buoyant effects of the hotspot, and the basin of the Eastern Snake River Plain, which was caused by 
subsidence as plate motion moved volcanic highlands southwestward from the hotspot. 


Calderas from which the rhyolitic volcanic rocks erupted are typically 30 to 70 kilometers (19 to 
43 miles) across. They resulted from foundering of the roof of shallow magma chambers as voluminous 
explosive eruptions occurred. As the roofs foundered into the evacuated magma chamber, the resulting 
depressions were filled with thick sequences of rhyolitic volcanic rocks. As the North American plate 
migrated to the southwest across the Yellowstone Hotspot, a string of calderas and volcanic fields formed 
in the wake of the hotspot (Figure 2.6-5). When the surface cooled along this string of volcanic fields, the 
Eastern Snake River Plain was formed. 


Modifications to Crustal Structure Resulting from Hotspot Processes 


In addition to large-scale melting and volcanism, the melting processes associated with the hotspot 
significantly modified the crust beneath the Eastern Snake River Plain. The crystallization of large 
volumes of basaltic magma in the mid-crust produced a layer of anomalously dense rock roughly 10 
kilometers (6 miles) thick. The added weight of this material to the crust, along with the contraction due 
to cooling after passing over the hotspot, has caused the Eastern Snake River Plain to subside in elevation 
by about 2 kilometers (1 mile) during the past 4 million years. 


Basalt Volcanism and Sedimentation in the Subsiding Eastern Snake River Plain Basin 


The subsidence of the Eastern Snake River Plain has produced an elongated northeast-trending basin in 
which two types of materials have accumulated to a depth of up to 2 kilometers (1 mile). These two types 
of materials are: 1) basalt lava flows that were generated by residual heat in the upper mantle beneath the 
plain and rose to the surface, onto the subsiding basin; and 2) sedimentary material deposits that have 
formed interbeds between lava flows. The sediments are composed of clays, gravels, sands, and silts that 
were deposited by wind action, streams such as the Big Lost River, and lakes such as Mud Lake and its 
much larger ancient predecessor, Lake Terreton. 


The accumulation of these two types of rocks in the Eastern Snake River Plain has resulted in the 
observed sequence of interlayered basalt lava flows and sedimentary interbeds. Volcanism is a sporadic 
process. During the long periods of quiescence between volcanic periods, sediments accumulated to 
thicknesses of less than 1 meter (3.3 feet) to greater than 60 meters (197 feet). During short periods of 
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volcanic activity, several lava flows commonly accumulated to thicknesses reaching several tens of 
meters. 


2.6.1.2.3 Basin-and-Range Tectonic Activity 


The Basin-and-Range Province of the western United States (Figure 2.6-1) is a region of extending crust, 
high elevations, high heat flow, and extensive Cenozoic era volcanism (Ref. 2-38). The north to north-
northwest trends of normal faults and mountain ranges in the Province, as well as various types of in situ 
stress determinations, (Ref. 2-39) show that the area is subjected to east-west to northeast-southwest 
directed tension. In the northern Basin-and-Range Province, which is transected by the Eastern Snake 
River Plain, the extension produces north-trending normal faults and mountain ranges on the southern 
side of the Eastern Snake River Plain and northwest-trending ones on the northern side. The mountain 
ranges are caused by block faulting: as extension stretches the area, the brittle upper crust (upper 10 to 
16 kilometers) can respond only by breaking into blocks that rotate slightly along the faults between to 
produce long, narrow mountain ranges with intervening basins (valleys). 


The rugged topography and high elevations characteristic of these mountain ranges die out at the margins 
of the Eastern Snake River Plain (Figure 2.6-2) and give way to the relatively flat and low-lying 
topography characteristic of the Plain. The activity on the normal faults that bound the ranges must also 
die out at the plain margins, else the mountain ranges would continue across. 


2.6.1.3 INL/ISF Facility Site Geology 


2.6.1.3.1 Topographic and Physiographic Description 


INL Area 


The topographic relief of the Eastern Snake River Plain is subdued with respect to the surrounding Basin-
and-Range Province. Total relief of the floor of the plain in the INL area is about 200 meters (656 feet), 
ranging from 1460 meters (4790 feet) at Big Lost River Sinks to about 1650 meters (5413 feet) on the 
northeast-trending axial ridge of the plain (Figure 2.3-4). Four prominent buttes along the axial ridge of 
the plain stand noticeably higher than the Plain. Big Southern Butte (2308 meters), Cedar Butte 
(1776 meters), Middle Butte (1948 meters), and East Butte (2003 meters) offer additional relief of 120 to 
650 meters above the axial ridge. 


The axial ridge, known as the axial volcanic zone, constrains the Snake River to the southeastern edge of 
the Plain and causes rivers from the mountains north of the plain to drain into closed basins (Ref. 2-40). 
The most prominent example is the Big Lost River, which flows onto the plain near Arco, turns 
northeastward in the southwestern part of the INL, and flows north to the Big Lost River Sinks in the 
northern part of the INL. The Little Lost River and Birch Creek also empty into playas in the northern 
part of the INL. 


Much of the Snake River Plain is rough, uneven topography due to the character of the numerous basalt 
lava flows that make up the surface. The topography is characterized by lobate forms, numerous steep-
walled closed depressions and mounds, and anastomosed fissures. Erosional processes have not 
established classic drainage patterns. Streams tend to be intermittent, wandering, and blind as they follow 
lava flow contacts and lava channels, commonly ending in closed depressions. 
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In many areas the lava flow topography is softened by deposition of windblown silt into fissures and 
depressions. In some areas, silt deposition has been so great that the topography is dominated by dune 
forms and rolling terrain with little or no basalt at the surface. Development of intermittent lakes and 
ponds in many closed depressions in the lava flow surface has resulted in deposition of fine silts and 
clays, producing small flat-floored playas (Ref. 2-41). 


ISF Facility Site 


The ISF Facility site is in a flat area near the Big Lost River in the south central part of the INL adjacent 
to the INTEC (Figure 2.3-4). The area is underlain by about 8 to 10 meters (25 to 30 feet) of Big Lost 
River alluvial silts, sands, and gravels, which lie on an alternating sequence of basalt lava flows and 
interbedded sediments extending to a depth of about 600 to 700 meters (1968 to 2297 feet). Landforms in 
the vicinity of the ISF site consist of the braided channels of the Big Lost River to the west and north of 
the site, and irregular flow lobes of basalt lavas to the east of the ISF site. 


2.6.1.3.2 Stratigraphy and Areal Geology 


INL Area 


Stratigraphy. During the past 4 million years, the Eastern Snake River Plain, including the INL area, has 
experienced volcanic activity, mostly in the form of mild outpourings of basaltic lava flows. Vents for the 
basaltic volcanism are concentrated in northwest trending volcanic rift zones and along the axial volcanic 
zone (Refs. 2-40 and 2-42) (Figure 2.6-6). Sediments deposited by wind action, streams, and lakes have 
also accumulated in the Eastern Snake River Plain, concurrent with the basaltic lava flows. Lithologic 
logs of four INL deep holes (more than 2000 feet deep) (Figure 2.6-7), and hundreds of shallower drilled 
holes show that an inter layered sequence of basalt lava flows and poorly consolidated sedimentary 
interbeds, known as the Snake River Group, occur to depths of 1 to 2 kilometers beneath the INL 
(Refs. 2-40, 2-41, 2-29). This sequence is underlain by a large, but unknown, thickness of late Tertiary era 
rhyolitic volcanic rocks. 


Sedimentary interbeds within the Snake River Group are of diverse origins. These include silts deposited 
by wind action; silts, sands, and gravels deposited by streams such as the Big Lost River; and clays, silts, 
and sands deposited in playas and lakes such as Mud Lake and its much larger Pleistocene era 
predecessor, Lake Terreton. These sedimentary processes continue to operate today, producing surficial 
deposits of alluvial, aeolian, and lacustrine/playa origin. 


The interlayering of unconsolidated and poorly consolidated sediments within the basalts has several 
implications for facilities at the INL. 


• The interbedded sediments are composed mostly of fine-grained materials (silts and clays) with 
low permeability and high absorption capabilities. Therefore, they retard the downward migration 
of water and contaminants to the water table (Ref. 2-41). 


• The low permeability of the sedimentary interbeds commonly causes localized perched water 
zones beneath some INL infiltration ponds (Refs. 2-43 and 2-44) and beneath natural 
infiltration/recharge zones such as the Big Lost River channel and sinks at flood stage. 


• They can represent confining or semi-confining layers in the aquifer, thereby affecting the 
manner in which water (and contaminants) move vertically and horizontally. 
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• The alternating high and low seismic velocities associated with basalts and poorly consolidated 
sedimentary interbeds, respectively, cause greater-than-normal attenuation of earthquake strong 
ground motions (Refs. 2-45, 2-46, 2-47). 


• The unconsolidated sands and clays intercalated within the hard, brittle basalts make drilling and 
downhole geophysical logging difficult, increasing the expense and time necessary for 
development of exploratory borings and monitoring wells at the INL. 


Areal Geology. Surface rocks on and near the INL are mostly Quaternary period basalt lava flows, the 
upper part of the Snake River Group, ranging in age from less than 15,000 years to more than 
730,000 years (Figure 2.6-9) (Ref. 2-48). A wide band of Quaternary mainstream alluvium extends along 
the course of the Big Lost River from the southwestern corner of the INL to the Lost River sinks area in 
north-central INL. Lacustrine deposits of clays and sands from ancient Lake Terreton occur in the 
northern part of the INL. Beach sands deposited by Lake Terreton were reworked by winds in late 
Pleistocene and Holocene periods to form large dune fields in the northeastern part of the INL (Refs. 2-41 
and 2-49). Several Quaternary period rhyolite domes occur along the axial volcanic zone near the south 
and southeast borders (Ref. 2-40). Paleozoic era limestone, late-Tertiary period rhyolitic volcanic rocks, 
and large alluvial fans occur in limited areas along the northwest margin of the INL (Ref. 2-48). 


Vertical and Horizontal Facies of Basalt Lavas. Figure 2.6-8 shows an idealized section showing 
distribution of vertical and horizontal facies variation in Eastern Snake River Plain basalt lava flows. 
From bottom to top, basalt lava flows typically are composed of a basal rubble zone, a lower vesicular 
zone, a massive columnar jointed zone, an upper vesicular and fissured zone, and a cap of platy jointed 
crust. 


The near-vent facies of lava flows is typified by thin, vesicular, platy flows (shelly pahoehoe). Pyroclastic 
ash and breccia layers are commonly interleaved within the thin flow layers. With distance from the vent, 
the shelly pahoehoe grades rapidly into the layered facies structure, described above, which typifies the 
medial and distal portions of the lava flow (Figure 2.6-8). Deflation pits, in which solidified crust has 
subsided over areas where lava has drained away, are common throughout the flow but more numerous 
near the terminus. 


Sediment Facies. Sediments of diverse origins occur covering and interbedded with basalts of the Eastern 
Snake River Plain. Surface lava flows throughout INL and surrounding regions are covered by varying 
thicknesses of windblown silt (loess). Alluvial sands and gravels are common along the Big Lost River 
channel through the site, and lacustrine clays deposited in Pleistocene Lake Terreton are common in the 
northern and northeastern part of the site (Figure 2.6-9). Since the sedimentary depositional processes 
operating in the geologic past are similar to those operating today, these same types of sediments make up 
the interbeds in the subsurface. 


INTEC and ISF Facility Area 


Stratigraphy. Through geotechnical work, the subsurface soils under the ISF site were found to generally 
consist of about 2 to 5 feet (0.6 to 1.5 meters) of dense sandy gravel, overlying about 25 feet (7.6 meters) 
of dense sand and gravel. Basalt bedrock was encountered at depths between 25 and 30 feet (7.6 and 
9.1 meters) below ground surface.  
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Sedimentary interbeds within the Snake River Group beneath the INTEC are composed mostly of silts, 
clayey silts and sandy silts. Cross sections showing the positions and thicknesses of interbeds are shown 
in Figure 2.6-10, Figure 2.6-11, and Figure 2.6-12. These sections show that an interbed occurs at a depth 
of about 45 to 60 meters below the surface. Several more interbeds are shown to occur between 60 to 
180 meters (197 to 590 feet), and they presumably occur throughout the entire thickness of the basalt 
section because they are present in deep exploration well INL-1 (Figure 2.6-7), which is located 
approximately 5 kilometers north of the ISF Facility site, and WO-2, which is located about 5 kilometers 
east of the ISF Facility site. 


Based on analysis of geophysical logs of wells, examination of drill core from core-holes, chemical 
analyses of core samples, and radiometric age determinations, 23 basalt lava-flow groups have been 
identified in the first 213 meters (700 feet) beneath the INTEC, adjacent to the ISF site (Ref. 2-50). In 
general, the age of the youngest basalt lava flow under the INTEC is between 100,000 and 200,000 years. 
The oldest lava is about 640,000 years. 


Correlations based on regional mapping and analysis of well and drill hole data throughout the INL 
provide knowledge of the source areas for some of the flow groups. Many others have unknown source 
areas and unknown areal distributions because their source vents have been buried by later flows or 
sediments, and the current distribution of drill-holes does not provide sufficient subsurface information to 
identify all vent locations. 


Basalt lava flow groups make up about 85 percent of the upper 213 meters (700 feet) beneath INTEC. 
The remaining 15 percent consist of sediment layers. The surficial sediment ranges in thickness from less 
than 2 meters to about 24 meters (a few feet to 80 feet), with the thickest areas lying west of INTEC and 
south of TRA. Surficial sediment is mostly composed of sandy and silty gravels deposited by the Big Lost 
River during late Pleistocene period. Sediment layers from deeper in the section are composed of both 
aeolian silts and sands and alluvial sediments. 


Surficial sediment at the INTEC is thicker than most layers in the vadose zone beneath the INTEC. The 
sediment layers in the vadose zone range in thickness from 1 meter (3 feet) to 4.7 meters (15 feet). 
Sediment layers are thicker at greater depths in the sequence. At depths of about 500 meters (1640 feet) 
and greater, several interbeds 10 to 30 meters (30 to 100 feet) thick occur, and the average sediment layer 
thickness from 500 meters (1640 feet) deep to the base of the basalt-sediment sequence is about 
8.4 meters (28 feet). On an INL-wide basis, sediment layer thickness distributions are similar to the 
INTEC. For INL wells and borings, the sediment layers tend to be thinner at depths of less than 
305 meters (1000 feet). The sediment layers tend to be thicker in the northern part of the INL at an 
average of 5 meters (16 feet) than in the southern and southeastern parts at an average of 2 meters (7 feet). 


Areal Geology. The INTEC lies just southeast of the channel of the Big Lost River in the south-central 
part of the INL (Figure 2.3-4 and Figure 2.1-6). In this area, the Big Lost River has a broad low-relief 
floodplain about 6 kilometers (3.7 miles) wide, bounded on the southeast and northwest by outcrops of 
basalt lava flows (Figure 2.6-9). The INTEC, adjacent to the ISF Facility site, is constructed on late 
Pleistocene alluvial gravels above the Holocene floodplain, which lies northwest of the river channel 
between the INTEC and TRA. Numerous abandoned channels and perhaps braided channels of the Big 
Lost River characterize the Holocene floodplain. The presently active channel, which is dry most of the 
time, is incised into the Holocene floodplain deposits by about 1.5 to 2 meters (5 to 7 feet), and is floored 
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by sands and fine gravels. The Pleistocene floodplain deposit, on which the INTEC is located, shows no 
evidence in aerial photographs of recent channels or braids of the river. Subdued meander-scroll 
topography is present over large areas of the Pleistocene surface, especially south and southwest of the 
INTEC. The surface is covered by sagebrush and the meander-scrolls are recognizable mainly from tonal 
anomalies on aerial photographs. Based on degree of soil development, the deposits that make up this 
surface were laid down during periods of high runoff during retreat of the most recent (Pinedale) glaciers, 
probably about 15,000 to 20,000 years ago (Ref. 2-51). 


The landforms outside the floodplain are dominated by lava flow surface morphology that has been 
subdued somewhat by deposition of loess and fine aeolian sand in low areas and in the lee of ridges and 
hills. The lava flow surfaces are characterized by rugged but low relief topography. Due to deflation of 
parts of the surface during waning stages of volcanic activity, there are numerous closed basins separated 
by undeflated ridges. The largest of the basins commonly contain thin playa deposits that cover the basin 
floors. The ridges are riddled with anatomizing fissures roughly parallel to the margins of the collapsed 
basins. Many of the outcrops show columnar jointing that produces a hexagonal or polygonal pattern of 
fractures on the outcrop surface. 


The basalts at the surface just east of the INTEC (Figure 2.6-9) and perhaps beneath the surficial sediment 
layer are about 230,000 years old, and flowed from vents about 14 kilometers (9 miles) southeast of the 
site (Ref. 2-48). Basalt flows beneath those at the surface are older and range in age to as much as 
4.3 million years at the base of the basalt sequence (Ref. 2-40). These basalts have accumulated in the 
Eastern Snake River Plain that has continuously subsided at a rate of about 0.5 millimeter per year since 
passage of the Yellowstone Hotspot about 4.3 million years ago. 


In contrast to vent locations for surface basalts, the source vents for basalts in the subsurface are poorly 
known. It is clear that some of the subsurface basalts erupted from the volcanic vent at AEC Butte about 
3 kilometers (2 miles) northwest of the ISF site. Others came from vents in the Lava Ridge-Hells Half 
Acre volcanic rift zone, the axial volcanic zone, and possibly the Arco volcanic rift zone (see Section 
2.6.6, Volcanism). 


Basalts in the ISF site area, and throughout the Eastern Snake River Plain, are olivine tholeites. They are 
mostly prophyritic and contain up to 20 percent by volume phenocrysts of olivine and plagioclase. The 
groundmass is composed of olivine, plagioclase, clinopyroxene, magnetite, ilmenite, and minor amounts 
of apatite, glass, rutile, and oxidation products. 


2.6.1.3.3 Structural Geologic Conditions 


The cross-sections through the INTEC site area constructed by Anderson (Ref. 2-50) suggest the 
possibility of folding and faulting of basalt lava flows in the subsurface. In the cross-section shown in 
Figure 2.6-10, a domal structure was interpreted in rocks older than the DE4 flow and in an area 
approximately 0.6 kilometer northwest of the INTEC. The dome, or uplift (Figure 2.6-10), was based on 
four laboratory-derived geologic ages from corehole USGS 80 that were inconsistent with younger, flat-
lying strata in many wells immediately south of this location. Drilling and analysis of additional cores 
since 1991 strongly suggest that the ages reported for USGS 80 and the resulting structural interpretation 
of an uplift are incorrect. This is based on very recent paleomagnetic and chemical stratigraphic 
correlations of several unique marker beds in wells at and near the Test Reactor Area (TRA). Although 
the age dates from USGS 80 appeared reasonable in 1991, other recently acquired quantitative data and 
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correlations based on these data make it highly unlikely that the structural uplift and its associated vertical 
fractures exist (Ref. 2-19). The new data supports the horizontal layering of lava flows shown in SAR 
Figures 2.6-11 and 2.6-12.  


Individual basalt lava flows have well-developed fissure sets that formed during emplacement of the lava. 
These fissures result from bending of the solidified lava crust as still-molten lava flows away, leaving 
deflated areas (Figure 2.6-8). In addition, post-solidification cooling joints develop in the lava flows, 
usually producing columnar joints with polygonal patterns. These emplacement- and cooling-related 
fissures and joints are ubiquitous in Eastern Snake River Plain lava flows; they are not through-going 
tectonic structures, and they should not be viewed as indications of folding or faulting. They are separate 
and distinct from fissuring related to dike injection in volcanic rift zones, which is a seismogenic process 
and has significance for seismic hazards. 


The typical shape of the upper surface of a lava flow is irregular and rugged. High plateaus correspond to 
inflated areas, where the lava beneath the solidified crusts remained in place and solidified. Low areas 
correspond to basins and pits, where lava has escaped from beneath the solidified crust and allowed the 
crust to collapse to elevations as much as 9 to 12 meters (30 to 40 feet) below the inflated areas. 
Concentric fissures that developed in the collapsing crust because of removal of support from below 
commonly mark the margins of the pits and craters. 


Field explorations of the ISF site have been performed. Subsurface explorations included drilling soil 
borings, excavating test pits, performing field geotechnical tests, collecting soil samples, and geophysical 
surveys/testing (Ref. 2-51). 


Eight (8) geotechnical borings were drilled to obtain subsurface information to support the design and 
construction of the facility (see Figure 2.6-13). Borings were 8 inches in diameter and drilled to 
approximately 30 to 45 feet (9 to 13 meters) below ground surface. The logs of the exploratory borings 
are presented in Figure 2.6-14 through Figure 2.6-21. 


Based on the observations of the soils in the borings and test pits, the subsurface soils encountered at this 
site generally consisted of about 2 to 5 feet (0.6 to 1.5 meters) of dense sandy gravel, overlying about 
25 feet (7.6 meters) of dense sand and gravel. Basalt bedrock was encountered at depths between 25 and 
30 feet (7.6 and 9.1 meters) below the ground surface. No concentric fissures were encountered. 


2.6.1.3.4 Geologic History Related to Regional Geologic History 


The geologic history at the ISF site and its relationship to regional geologic history can be summarized as 
follows: 


• Eruption of voluminous, explosive silicic volcanic rocks during passage of the Yellowstone 
Hotspot beneath the area, 6.5 to 4.3 million years ago. 


• Subsidence of the area as the hotspot passed with coeval eruption of basaltic lavas and 
accumulation of clastic sediments in the Eastern Snake River Plain basin. 


• Accumulation of about 700 to 1000 meters (2300 to 3280 feet) of interbedded basalts and 
sediments, the Snake River Group, from 4.3 million years ago to present. 


• Establishment of the Big Lost River’s course through the central part of INL, probably within the 
last 0.5 to 1.0 million years. Upstream of the town of Arco the river’s course is controlled by the 
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positions of Basin-and-Range block-fault mountain ranges; downstream it is controlled by the 
positions of volcanic zones and the local slope of the surface of the Eastern Snake River Plain. 


• The last volcanism at the ISF site occurred approximately 230,000 years ago. Since that time Big 
Lost River alluvium has accumulated to a depth of about 9 to 18 meters (29 to 59 feet). 


2.6.1.3.5 Engineering Geological Conditions 


See Section 2.6.4, Stability of Subsurface Materials and Foundations. 


2.6.1.3.6 Groundwater Conditions 


See Section 2.5, Subsurface Hydrology, for information related to groundwater under the ISF Facility site. 


2.6.2 Vibratory Ground Motion 


2.6.2.1 Seismicity 


2.6.2.1.1 Regional Setting 


The Eastern Snake River Plain is defined as the eastern portion of the Snake River Plain extending from 
the Yellowstone Plateau to the Great Rift (Figure 2.6-22). The relatively aseismic Eastern Snake River 
Plain is surrounded by the seismically active Intermountain Seismic Belt and Centennial Tectonic Belt 
(Figure 2.6-22). The Intermountain Seismic Belt is a zone of concentrated seismicity that extends from 
northwestern Montana through the Yellowstone Plateau, southeastern Idaho, central Utah, and into 
southern Nevada. It is divided into three parts: the northern (Montana), central (Idaho), and southern 
(Nevada and Utah) Intermountain Seismic Belt. North of the Eastern Snake River Plain a branch of the 
Intermountain Seismic Belt extending from Hebgen Lake, Montana, westward into central Idaho 
(Figure 2.6-22) has been characterized as an independent zone of earthquake activity referred to as the 
Centennial Tectonic Belt. Smith and Arabasz (Ref. 2-52) consider the Centennial Tectonic Belt (formerly 
the Idaho Seismic Zone) a part of the central Intermountain Seismic Belt that “wraps around” the Eastern 
Snake River Plain. In the following discussions, this zone of seismicity will be referred to as the 
Centennial Tectonic Belt to distinguish it from the north-trending zone of seismicity within the central 
and northern Intermountain Seismic Belt (Figure 2.6-22). 


Figure 2.6-24 shows a compilation of the minimum principle stress directions for the Eastern Snake River 
Plain region, derived from focal mechanisms, geologic indicators, and borehole breakouts. The minimum 
principal stress directions indicate northeast-trending extension northwest of the Eastern Snake River 
Plain and more east-trending directions south of the Eastern Snake River Plain. Although a rotation in the 
stress field may occur somewhere within the Eastern Snake River Plain, the plain appears to be subjected 
to the same extensional stress field as the surrounding region. Strain rates have been compiled by 
Eddington et al. (Ref. 2-53) for the Eastern Snake River Plain region. Strain rates for the region around 
the Eastern Snake River Plain range from 1.1 x 10-15 per second for Yellowstone Plateau to 3.8 x 10-17 per 
second for the Intermountain Seismic Belt. Preliminary estimates for the Eastern Snake River Plain are 
1 x 10-16 per second based on the amount of extension measured in the Eastern Snake River Plain volcanic 
rift zones for the Holocene, similar to strain rates outside the Eastern Snake River Plain (Ref. 2-54). 
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2.6.2.1.2 Earthquake History 


Earthquakes of magnitudes greater than 2.0 for the years 1850 to 1995 (shown in Figure 2.6-26 and 
Figure 2.6-27) were compiled from the following sources: 


Agency Dates 
INL 1986-1995 
USGS 1986-1995 
Montana Bureau of Mines and Geology 1986-1995 
United States Bureau of Reclamation 1986-1995 
University of Utah Seismograph Stations 1986-1995 
Engdahl and Rinehart (Ref. 2-55) 1880-1985 
State Seismicity Maps for Idaho, Wyoming, Montana, 


Utah, and Nevada, USGS Denver, Colorado 
1850-1985 


The earthquake data were initially compiled by Woodward-Clyde Consultants (Ref. 2-46) for the years 
1884-1989, then updated by Woodward-Clyde Federal Services (Ref. 2-47) to include earthquakes in 
1991 and 1992, and again (Ref. 2-56) to include earthquakes occurring during 1993-1995. 


For the central Intermountain Seismic Belt, the earthquake record extends back to November 10, 1884, 
the date of the first documented earthquake (Ml 6.3), which occurred near Paris, Idaho. Before the 1960s, 
seismographic coverage of the Eastern Snake River Plain and surrounding Basin-and-Range Province was 
relatively poor, with only earthquakes larger than magnitude 5.0 recorded by seismographs worldwide. 
The detection of earthquakes before this time was based on felt reports and damage reports by local 
residents. Such epicentral locations may be in error by 100 kilometers (62 miles) or more (Ref. 2-46). 
Over 90 percent of the earthquakes shown in Figure 2.6-27 have occurred during 1970 to 1995. The 
epicenters have been determined from localized seismic networks within the intermountain region. 
Epicentral errors for this time period could range from up to 20 kilometers (12 miles) depending on the 
number and spatial distribution of the seismic stations recording the event. 


In the early 1960s, seismographs were installed in the intermountain area by the University of Utah 
Seismographic Stations (Figure 2.6-28). The USGS installed and operated a seismic network at 
Yellowstone National Park, Wyoming from 1970 to 1981; from 1983 to present, it has been operated by 
the University of Utah Seismographic Stations. Seismic stations were installed near Teton Dam, Idaho 
(currently operated by Brigham Young University-Idaho) beginning in 1980, in southwestern Montana 
(operated by Montana Bureau of Mines and Geology) starting in 1981, and in western Wyoming near 
Jackson Lake (operated by U.S. Bureau of Reclamation) during 1986. With additional seismic stations, 
smaller magnitude earthquakes will be detected. 


Local seismic monitoring within the Eastern Snake River Plain began in December 1971, when a seismic 
station was installed at INL (Ref. 2-57). By 1979, this network included five stations within and near the 
boundaries of the Eastern Snake River Plain. Additional seismic stations were added to the network 
beginning in 1986. Currently, the INL seismic network consists of 26 seismic stations (Figure 2.6-28). 


Earthquake data have been compiled by the INL seismic network for a 27-year period, from 1972 through 
1999, primarily covering the Eastern Snake River Plain. During this period, approximately 19 
microearthquakes have been located within or near the boundary of the Eastern Snake River Plain, 
indicating that infrequent, small-magnitude earthquakes (magnitude less than 1.5) may be characteristic of 
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Eastern Snake River Plain seismicity (Refs. 2-58 and 2-59). Although 13 of these microearthquakes have 
occurred near or within the INL boundary, Jackson and others (Ref. 2-58) indicate that the INL area of the 
Eastern Snake River Plain is not more microseismically active than other areas, but rather that the INL 
seismic network has an adequate detection threshold (magnitude = 0) to record these small events. 


Figure 2.6-27 shows that 1850 through 1995 earthquakes (Ml > 2.5) were located in the Intermountain 
Seismic Belt and Centennial Tectonic Belt, but not within the Eastern Snake River Plain. Also, 
earthquakes are located closest to the margins of the Eastern Snake River Plain near the Yellowstone 
Plateau, and farthest (up to 70 kilometers [40 miles]) away from the Eastern Snake River Plain margins 
near the Great Rift and Pocatello. From similar compilations of earthquake data, several investigators 
have concluded that the Eastern Snake River Plain is aseismic (Refs. 2-60, 2-61, 2-62 and 2-52). 
Contemporary seismic monitoring of the Eastern Snake River Plain (1972 – 1995) suggests that only 
infrequent small-magnitude earthquakes (20 events over 27 years of Ml ≤1.5) occur within the Eastern 
Snake River Plain, as compared to the thousands of events of similar and larger size within the 
surrounding region. Although it is recognized that historic earthquakes may have occurred within the 
Eastern Snake River Plain, their large location uncertainties do not support origins within the Eastern 
Snake River Plain, particularly when other geologic and geophysical data are considered. 


Based on the number of seismic stations operating over specific time intervals, periods of completeness 
can be established for various magnitudes. The periods of completeness are the time periods over which 
independent earthquakes (excluding aftershocks) can be considered to be completely detected (Ref. 2-46). 
Table 2.6-1 shows the periods of completeness for various magnitudes of the earthquake data shown in 
Figure 2.6-22. The completeness periods indicate that, for historic times, the database for larger 
magnitude earthquakes is more complete than for smaller magnitude events. 


2.6.2.1.3 Moderate to Large Earthquakes 


Moderate to large earthquakes of magnitudes greater than 5.5 have occurred within a 200-mile 
(321-kilometer) radius of the ISF site and are shown on Figure 2.6-22. For these events, Table 2.6-2 lists 
the earthquakes with Modified Mercalli greater than 5.5 with the largest magnitude computed, moment 
magnitude if computed, and Modified Mercalli intensities at the epicenter and documented in the vicinity 
of the ISF site. Of the events listed in this table, six have documented effects in the ISF site area. 


1959 Hebgen Lake Earthquake. The largest earthquake in the region had a surface-wave magnitude of 
Ms 7.5. The earthquake occurred within the Intermountain Seismic Belt on August 17, 1959, at Hebgen 
Lake, Montana (Figure 2.6-29) (Ref. 2-63), 190 kilometers (118 miles) northeast of the INTEC site. The 
ISF site is located in what was a Modified Mercalli intensity zone VI. Although the earthquake was felt at 
the INL, it caused no damage to INL facilities (Ref. 2-64). 


Borah Peak, Idaho Earthquake. This earthquake had a surface-wave magnitude of Ms 7.3. The 
earthquake occurred on October 28, 1983, in the Centennial Tectonic Belt 89 kilometers (55 miles) from 
the INTEC. The earthquake resulted from normal faulting along the Lost River fault (Ref. 2-65). The 
epicenter was in the Thousand Springs valley near the western flank of Borah Peak (Ref. 2-66). 
Substantial damage occurred to masonry structures in the communities of Mackay and Challis, Idaho, 
near the epicentral area (Ref. 2-64). 
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The ISF site is located in what was a Modified Mercalli Intensity zone VI (Figure 2.6-30) (Ref. 2-67). 
Inspections of existing INTEC facilities following the earthquake revealed no apparent structural or 
component damage that would compromise structural integrity at INTEC. 


At the time of the Borah Peak earthquake, the INL had 15 strong-motion accelerographs in operation. 
Peak horizontal accelerations recorded at INL ranged from 0.022g to 0.078g for basement and free-field 
sites (Ref. 2-68). 


Table 2.6-3 shows the corrected peak accelerations, velocities, and displacements measured by the three 
strong-motion accelerographs at INTEC facilities, 89 kilometers (55 miles) from the Borah Peak epicenter 
(Ref. 2-69). 


Shoshone, Idaho, Earthquake. This 1905 earthquake, Ml 5.5, was reported to have occurred in the 
south-central portion of the Snake River Plain. It was felt in Idaho, Utah, Nevada, and Oregon. Although 
the INL did not start operations until 1949, the isoseismal map determined by Oaks for the Shoshone 
earthquake suggests that the ISF site would have been within a Modified Mercalli intensity zone IV 
(Figure 2.6-31) (Ref. 2-70). 


Pocatello Valley, Utah, Earthquake. This 1975 earthquake, Mb 6.1, occurred near the Idaho-Utah 
border. An isoseismal map developed by Cook and Nye shows that the ISF site is located in what was a 
Modified Mercalli intensity zone III (Figure 2.6-32) (Ref. 2-71). It was reported that the earthquake was 
felt out to a distance of 305 kilometers (190 miles). No damage was reported at the INL. 


Yellowstone Park, Wyoming, Earthquake. This 1975 earthquake, Ml 6.1, was located in the central 
portion of Yellowstone National Park. The earthquake was reportedly not felt at the INL (Figure 2.6-33) 
(Ref. 2-72). 


Draney Peak, Idaho, Earthquake. This 1994 earthquake, Mw 5.7, occurred in Idaho, 18 kilometers 
(11 miles) west of Afton, Wyoming. The earthquake was reported to be felt in parts of southeastern Idaho 
but was not reportedly felt at the INL (Figure 2.6-34) (Ref. 2-73). 


2.6.2.2 Geologic and Tectonic Characteristics of Site and Region 


2.6.2.2.1 Identification and Description of Earthquake Source: Tectonic Provinces 


The tectonic provinces of most concern for seismic and volcanic hazards at INL are the Eastern Snake 
River Plain and the northern Basin-and-Range Province (Figure 2.6-1). Other provinces close enough to 
INL to require consideration, especially for probabilistic seismic hazard assessments, are the Yellowstone 
Plateau and the Idaho Batholith. 


The Eastern Snake River Plain is distinguished from the surrounding provinces by subdued topography, 
lower elevations, absence of Basin-and-Range faults and mountain ranges (Figure 2.6-2), and historic 
aseismicity (Figure 2.6-28) (Ref. 2-74). In addition, it is associated with a regional gravity high 
(Ref. 2-75), positive aeromagnetic anomaly (Ref. 2-76), and high seismic velocity (Ref. 2-77) reflecting 
zones of dense, magnetic mafic rocks near the surface and in the mid-crust beneath the Plain. The zone of 
mafic material in the mid-crust is believed to represent the zone of accumulation and solidification of 
mafic magmas generated by the Yellowstone Hotspot as it passed beneath the Eastern Snake River Plain. 
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The northern Basin-and-Range Province is distinguished by north-northwest trending block-fault 
mountain ranges that formed in response to east-northeast directed extension. North-northwest-trending 
normal faults bounding these ranges have accumulated up to 2 kilometers (1.2 miles) of vertical 
displacement during the Late Tertiary and Quaternary (Ref. 2-30). Seismicity and Holocene 
paleoseismicity in the northern Basin-and-Range Province are concentrated on those parts of the faults 
that lie in a parabolic zone that passes through the Yellowstone Plateau and flanks both sides of the 
Eastern Snake River Plain (Figure 2.6-22 and Figure 2.6-27) (Refs. 2-74 and 2-30). The limbs of the 
parabolic zone are closest to the Eastern Snake River Plain near the Yellowstone Plateau and diverge 
outward from the Eastern Snake River Plain margin with distance to the southwest. In the vicinity of INL, 
the limbs lie about 40 to 50 kilometers (31 miles) from the margins of the Eastern Snake River Plain. 
Historic moderate to large earthquakes that have occurred in the parabolic zone include the 1983 Borah 
Peak, 1959 Hebgen Lake, 1975 Pocatello Valley, 1975 Yellowstone, 1934 Hansel Valley, and 1994 
Draney Peak earthquakes. 


The Yellowstone Plateau is distinguished by exceptionally high heat flow (Refs. 2-30 and 2-31), low 
seismic velocities at shallow crustal levels (Refs. 2-78 and 2-32), abundant hot spring and geyser activity 
(Refs. 2-79 and 2-80), persistent swarms of seismic activity, and rapid rise and fall (centimeter-scale 
inflation and deflation within months to years) of land surface elevations (Ref. 2-78). The area has 
experienced rapid and continuing uplift during the late Quaternary over the Yellowstone hotspot, near 
areas (northeastern Eastern Snake River Plain) that are rapidly subsiding. This results in development of 
large faults with high slip rates (Ref. 2-30) and with trends inconsistent with the direction of regional 
extension (for example, the Centennial, Teton, and Hebgen/Red Canyon faults, Figure 2.6-22) 
(Refs. 2-53, 2-63, and 2-81). In addition, the Yellowstone Plateau has much greater seismicity than either 
the Eastern Snake River Plain or the northeastern Basin-and-Range Province (Ref. 2-52), possibly 
resulting from interaction of regional extension with rapid local vertical crustal movements, from 
hydrothermal activity, and from magma movements in shallow chambers. Voluminous Quaternary 
explosive silicic volcanism (Ref. 2-66), significant delays in teleseismic P-waves beneath the caldera area 
(Refs. 2-82 and 2-83), and the 5-kilometers (3-miles) depth limit of seismicity within the caldera all 
suggest extremely high temperatures and presence of magma in the crust and upper mantle (Ref. 2-78). 


The Idaho Batholith is distinguished by high, rugged topography, sparsity of Basin-and-Range Province 
faults, and absence of late Tertiary and Quaternary volcanism (Figure 2.6-1 and Figure 2.6-2). Seismicity 
is much less intense than that observed in the Basin-and-Range Province (Ref. 2-76), with maximum 
magnitudes of about 5. The Batholith appears to have been relatively unaffected by regional extension, 
perhaps because the granitic rocks are stronger or more coherent than rocks in the Basin-and-Range 
Province to the east and southwest. 


2.6.2.2.2 Identification and Description of Earthquake Source: Faults 


Faults of several ages and origins occur in the INL region. Some old and inactive, presenting no 
earthquake threat; others are capable of generating earthquakes that could affect INL facilities. A detailed 
correlation of faults with earthquakes is presented in Section 2.6.2.3, Correlation of Earthquake Activity 
with Seismic Sources. 


Mesozoic thrust faults occur in the mountain ranges bordering the Eastern Snake River Plain 
(Figure 2.6-3) (Refs. 2-35 and 2-36). They formed during a period of east-directed thrusting related to the 
Sevier orogeny. They are gently westward dipping structures that separate major Paleozoic thrust sheets. 
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These faults are mostly inactive at the present, because the compressional forces that created them at 
about 60 million years ago no longer exist. 


However, it is possible that steeply dipping parts (ramps) of some of the thrust faults have been 
reactivated by Basin-and-Range normal faults in Late Tertiary to recent times (Ref. 2-84). 


Eocene to Oligocene normal faults trend northward across the Lost River, Lemhi, and Beaverhead 
ranges north of the Eastern Snake River Plain (Refs. 2-84 and 2-85). Although these faults have several 
kilometers of accumulated displacement, their orientation with respect to the present stress field is such 
that they have little tendency for movement. Therefore they are not active today and pose no threat for 
earthquake hazards. 


Basin-and-Range normal faults (Figure 2.6-22) of Miocene to Holocene age bound the northwest-
trending mountain ranges north and south of the Eastern Snake River Plain (Ref. 2-86). These faults have 
accumulated up to 3 kilometers (1.8 miles) of displacement in the past 4 to 7 million years ago and are 
still active, as evidenced by fault scarps cutting latest Quaternary and Holocene alluvial fan deposits and 
by the occurrence of the 1983 Borah Peak earthquake. Table 2.6-4 summarizes the important 
characteristics of most Basin-and-Range normal faults around the Eastern Snake River Plain. 


The closest of these faults to INL facilities, the Lost River, Lemhi, and Beaverhead faults (Figure 2.6-22), 
each bound the southwest side of a mountain range, producing typical Basin-and-Range half graben. 
These are large normal faults that extend from the northern margin of the Eastern Snake River Plain 
northwards to the Salmon River. Based on seismic and paleoseismic investigations, they are capable of 
generating earthquakes of magnitude 7 or larger (Refs. 2-87 and 2-88). Because of their size, activity, and 
proximity to many INL facilities, they control much of the INL seismic hazard. 


Lemhi fault. Detailed paleoseismic and structural investigations have been performed on the southern 
Lemhi fault (Refs. 2-88 and 2-89). Results are: 


• Segmentation of the southern Lemhi fault is redefined based on timing of paleoseismic events and 
on detailed mapping of the structure of the fault in bedrock and surficial deposits (Figure 2.6-27). 


• The most recent earthquake events on the various segments range from 15 to 24 thousand years 
ago.  


• There is evidence for temporal clustering of earthquake events (i.e., clusters of several events) 
over a few thousand years separated by long intervals (tens of thousands of years) of quiescence. 


• Maximum magnitude of earthquakes in the southern part of the fault is estimated to be moment 
magnitude 7.15 (Refs. 2-55 and 2-47). 


• Bedrock structural features of the southern part of the fault suggest that Quaternary displacement 
dies out at the south end of the Lemhi Range, and that significant seismogenic fault movements 
do not extend onto the Eastern Snake River Plain (Figure 2.6-35). Seismic reflection lines along 
the extended trace of the fault onto the Eastern Snake River Plain also show that recognizable 
offset of rock layers does not extend for more than 1 kilometer (0.6 mile) from the end of the 
range (Ref. 2-47). 
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• The horizontal distance from the inferred southern terminus of the fault to the ISF site is 
approximately 26.5 kilometers (16 miles). 


• The best estimate of slip rate for the southern segment of the fault is 0.15 millimeters per year. In 
the 1996 probabilistic seismic hazard investigation the slip rate is allowed to range up to 1 
millimeter per year to account for uncertainties in temporal clustering characteristics (Ref. 2-47). 


Lost River Fault. The Lost River fault is slightly farther from the ISF site than the Lemhi fault, but poses 
similar seismic hazard because potential maximum magnitudes are slightly larger. Detailed paleoseismic 
and structural investigations of the segments closest to the INL, the Arco and Pass Creek segments 
(Refs. 2-89, 2-90, and 2-88), produced the following results: 


• Activity on both segments is more recent than previously believed. The two most recent events on 
the Arco segment are between 21±4 and 20±4 thousand (±2σ) years old; the three most recent 
events on the Pass Creek segment are between 18±3 and 17±4 thousand years old. Because of the 
overlap in age estimates (within 2σ), the two most recent events on both segments may have been 
contemporaneous. 


• Ages of individual earthquake events indicate temporal clustering. Recurrence intervals vary from 
around 1000 years or less to 40,000 years or more on both segments. 


• Paleomagnitude estimates based on vertical displacements yield a range of moment magnitudes 
from 6.6 to 7.3 for the Arco segment and 6.7 to 7.5 for the Pass Creek segment. The range of 
values results from assumptions as to whether measured displacements represent average or 
maximum values of displacement. Maximum magnitude estimates based on segment length for 
the Arco segment are moment magnitude 6.6-6.8, and for the Pass Creek segment moment 
magnitude 6.7. 


• The Arco segment may extend south of the terminus of the Lost River range for several 
kilometers onto the Eastern Snake River Plain and into the northwestern end of the Arco volcanic 
rift zone. 


• The horizontal distance from the southern exposed trace of the fault to the ISF site is 
29 kilometers (18 miles). 


• The best estimate of slip rate for the southern segment of the fault is 0.12 millimeter per year. In 
the 1996 probabilistic seismic hazard assessment slip rate was allowed to range from 
0.05 millimeter per year to 1.0 millimeter per year to account for uncertainties in temporal 
clustering characteristics. 


Beaverhead Fault. Although considerably farther from the ISF site (approximately 52 kilometers 
[32 miles] horizontal distance) than the Lemhi and Lost River faults, earthquakes on this fault will 
contribute to the probabilistic hazard assessment. No trenching investigations have been done for the 
fault, but surface mapping and studies of scarp characteristics furnish general information about its 
paleoseismology (Refs. 2-91 and 2-92). The southernmost two segments of the Beaverhead fault (the Blue 
Dome and Nicholia segments), those closest to the INL, seem to have quite different faulting histories. 
The Blue Dome segment (the southernmost segment) has no scarps in alluvium, even though the range 
front is steep and straight, suggesting geologically recent faulting. Both the range front morphology and 
the lack of scarps in alluvium suggest that the most recent surface faulting occurred more than 
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100,000 years ago. In addition, the exposure of bedrock on both sides of the fault scarp at the southern 
end of the range suggests that total vertical displacement is much smaller here than in segments farther 
north. Slip rate estimates for the Blue Dome segment range from 0.02 millimeter per year to 0.3 
millimeter per year. In contrast, the Nicholia segment (the next closest segment to the ISF site) is 
characterized by scarps that cut all alluvium except Holocene alluvium. In fact, scarps in Pinedale-age 
alluvium suggest that the most recent earthquake event was about 15,000 years ago, and slip rate 
estimates range up to 1 millimeter per year. 


Grand Valley-Star Valley Fault. The active portions of the Grand Valley-Star Valley fault system are 
more than 160 kilometers (100 miles) from the ISF site and contribute significantly less to the seismic 
hazard than the Lost River, Lemhi, and Beaverhead faults northwest of the Eastern Snake River Plain. 
The northern terminus of the Grand Valley-Star Valley fault may extend as far as the town of Rexburg, 
about 90 kilometers (56 miles) from the ISF site (Ref. 2-93). Field investigations by Anders and others 
(Ref. 2-74), Piety and others (Ref. 2-94), and McCalpin and others (Ref. 2-95) have shown that the 
northern part of this fault system was active from about 4 million to 2 million years ago, but since then 
has been inactive. The southern end of the fault, in the Alpine and Star Valley area, however, experienced 
late Pleistocene and Holocene earthquake activity. Piety and others estimated a maximum credible 
earthquake of Ml 7.5 for the Grand Valley-Star Valley fault based on comparison of scarp heights and 
fault, displacements with those of historic earthquakes in the Intermountain Seismic Belt (Ref. 2-94). 


The northwest boundary of the Eastern Snake River Plain has been investigated as a possible source 
of earthquakes that could contribute to the seismic hazards of INL facilities (Ref. 2-96). There is no 
evidence to support active faulting of postulated northeast-trending normal or strike-slip faults (Refs. 2-97 
and 2-77) along the northwest boundary of the Eastern Snake River Plain. The abrupt termination of the 
northwest-trending mountain ranges at the margins of the Eastern Snake River Plain (Figure 2.6-2), the 
discontinuity observed in some geophysical surveys (refraction seismic, gravity, and magnetotelluic) at 
the northwest boundary of the Eastern Snake River Plain (Refs. 2-97, 2-77, 2-98, and 2-99), and the 
aseismic nature of the Eastern Snake River Plain relative to the surrounding seismically active region 
have been interpreted by some investigators (Refs. 2-100, 2-101, 2-98, and 2-102) to suggest the presence 
of active boundary faults along the margins of the Eastern Snake River Plain. 


Formation of the Eastern Snake River Plain related to migration of the crust over the Yellowstone 
Hotspot (Refs. 2-103 and 2-30), the lack of geologic evidence (i.e., northeast-trending fault scarps) for 
large normal faults along the margins of the Eastern Snake River Plain (Refs. 2-71, 2-104, and 2-105), 
and seismologic and volcanic evidence indicating that the Eastern Snake River Plain and surrounding 
Basin-and-Range regions are subjected to northeast-directed extension (Refs. 2-40, 2-39, 2-58, and 2-106) 
do not support the possibility of active subsurface faults. The strain-rate (or extension- rate) estimates for 
the Eastern Snake River Plain (Ref. 2-54) are consistent with those estimated for areas outside the Eastern 
Snake River Plain. The Eastern Snake River Plain is a broad volcanic basin and does not resemble 
continental rift systems such as the Rio Grande rift or the East African Rift, which are large graben 
structures bounded by active normal faults. 


In further efforts to look for possible recent fault activity along the margins of the Eastern Snake River 
Plain, a small northeast-trending topographic scarp (Ref. 2-49) on an alluvial fan on the southeast side of 
the Arco Hills was trenched in 1989. The results of the logging by the Idaho Geological Survey, under 
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subcontract to EG&G Idaho, showed no evidence for faulting. The scarp was formed from some surficial 
processes, perhaps aeolian modifications to a fire scar (Ref. 2-105). 


Other investigations have been conducted on northeast-trending faults at the southern terminations of the 
Lemhi Range and Beaverhead Mountains near the margins of the Eastern Snake River Plain (Refs. 2-71, 
2-104, and 2-89). Results indicate that these faults were active more than 2 million years ago because they 
do not displace sediments and volcanic rocks younger than 2 million years and they have small lengths, 
generally less than 10 kilometers (6 miles), and small total displacements. 


Nontectonic lineaments on and near INL can be observed from the air, on aerial photographs, and on 
satellite images. One of the most pronounced of these, the Principal Lineament, has been studied 
extensively and shown to be caused by aeolian modifications to a large fire scar (Ref. 2-107). This 
process produces many lineaments and perhaps even small topographic scarps on the Eastern Snake River 
Plain. Other lineaments are caused by unmodified fire scars, linear stream drainages, alignments of 
vegetative or soil contrast with unknown causes, fluvial (stream, river) deposits, paleoflood deposits, and 
aeolian deposits (dunes) (Refs. 2-108 and 2-105). 


Late Tertiary caldera boundary faults are postulated to exist in the silicic volcanic rocks beneath the 
Snake River Group. There are several bases for this postulation: 


• Calderas like those on the Yellowstone Plateau today must have been associated with the late-
Tertiary silicic volcanic fields occurring along the margins of the Eastern Snake River Plain. 


• In some areas (southern ends of the Lemhi and Beaverhead Ranges near INL, and northern ends 
of the Caribou and Snake River Ranges near Rexburg), structures interpreted to be caldera 
boundary structures have been recognized (Ref. 2-109). 


• The great thicknesses of silicic volcanic rocks observed in INL deep exploration holes, INL-1 and 
WO-2 (Figure 2.6-7), suggest that they were emplaced into an intra-caldera setting. 


The exact sizes, shapes, and locations of the buried calderas is uncertain, but interpretations have been 
made (Figure 2.6-5) on the basis of geophysical anomalies, positions of volcanic fields, flow-direction 
indicators in ash flow sheets, and paleomagnetic data (Refs. 2-110 and 2-42). Several general 
observations are possible. Caldera size is such that some of them are likely to span the entire width of the 
Eastern Snake River Plain. Caldera shape, and thus the configuration of associated caldera boundary 
faults, are generally circular to oval. Given the tendency for calderas to overlap each other (Figure 2.6-5), 
it is likely that most of the Eastern Snake River Plain boundary is characterized by caldera boundary 
faults buried beneath the edges of the Snake River Group. Caldera boundary faults can explain, in a 
manner consistent with data and concepts, Pankratz and Ackermann’s interpreted buried fault along the 
northwest margin of the Eastern Snake River Plain (Ref. 2-97). 


Several lines of evidence show that the calderas are no longer active because the causative heat source has 
moved to a new position beneath Yellowstone. The possibility of reactivation of the faults due to 
contemporary tectonism should be considered, but does not seem to be a cause for concern for two 
reasons: 


• Because the faults have a circular to oval configuration, they are not likely have long sections 
oriented properly for movement in contemporary stress fields. 
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• No late-Pleistocene or Holocene faulting that could be related to reactivation of these faults is 
observed on the Eastern Snake River Plain (Ref. 2-108). 


2.6.2.2.3 Identification and Description of Earthquake Sources: Volcanic Rift Zones 
and Axial Volcanic Zone 


Volcanic vents on the Eastern Snake River Plain are concentrated in northwest-trending and northeast-
trending linear belts (Figure 2.3-4). The northwest-trending belts have associated ground deformation 
features and are referred to as volcanic rift zones. The ground deformation features are fissures, faults, 
grabens, and monoclines that form due to dilational stresses above the tops of basalt dikes as magma 
moves from depth to the surface. Three well defined volcanic rift zones occur in the INL region of the 
Eastern Snake River Plain, the Great Rift volcanic rift zone (which extends southeastward from Craters of 
the Moon National Monument), the Arco volcanic rift zone (which extends southeast from Arco across 
the southwestern corner of the INL), and the Lava Ridge-Hells Half Acre volcanic rift zone (which 
extends from the south end of the Lemhi Range to the Hells Half Acre lava field) (Figure 2.3-4). A fourth 
volcanic rift zone, the Howe-East Butte volcanic rift zone, has been postulated, but it is an ill-defined 
zone consisting only of a few vents that are several hundred thousand years old (Ref. 2-42). 


By analogy with active volcanic rift zones in other parts of the world (e.g., Iceland and Hawaii), it can be 
inferred that volcanic rift zones are sources of earthquakes during periods of volcanic activity. The 
magnitudes of volcanic rift zone earthquakes are small (less than 5.5), but because of their proximity to 
INL facilities their contributions to both deterministic and probabilistic seismic hazards have been 
assessed (Refs. 2-55 and 2-88). 


Some volcanic vents on the Eastern Snake River Plain are concentrated in a northeast-trending zone along 
the axis of the Eastern Snake River Plain (Figure 2.3-4). This is called the axial volcanic zone to 
distinguish it from volcanic rift zones. It is important to make this distinction because the axial volcanic 
zone does not contain northeast-trending ground deformation features that would qualify it to be a 
volcanic rift zone. The few ground deformation features in the axial volcanic zone are northwest-trending 
fissures. This indicates that the volcanic vents in the axial volcanic zone are fed by northwest- trending 
dikes and that, even though it is not a volcanic rift zone, seismicity can be associated with volcanism 
there. Thus it also has been evaluated in deterministic and probabilistic seismic hazards assessment 
(Refs. 2-55 and 2-47). 


2.6.2.3 Correlation of Earthquake Activity with Seismic Sources 


Table 2.6-5 lists earthquakes with magnitudes greater than 5.5 that have occurred within a 200-mile 
(321-kilometer) radius around the ISF site, and that can be correlated with tectonic structures. Table 2.6-5 
includes the seismic moments, focal mechanisms, focal depths, rupture lengths, and horizontal and 
vertical displacements computed by various seismological methods for these earthquakes. The following 
discussion of earthquakes and their relationships to geologic structures or provinces is separated into areas 
based on tectonic provinces. 


2.6.2.3.1 Eastern Snake River Plain Province 


Stover and others (Ref. 2-111) noted 14 historic earthquakes possibly located within the Snake River 
Plain. Figure 2.6-22 shows their locations; Table 2.6-6 lists their dates of occurrence, intensities, 
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magnitudes (if reported), and location uncertainties. Earthquakes listed in Table 2.6-6 occurring between 
1905 and 1937 have locations based on felt reports, with large location errors. The earthquakes listed for 
1954, 1964, and 1969 have instrumentally determined locations, but due to the lack of local seismic 
networks before 1970, they also have large location errors. 


In compiling earthquake data (pre-1970) into the Decade of North American Geology catalog for the 
western U. S., Engdahl and Rinehart (Refs. 2-112 and 2-55) selected only large magnitude earthquakes to 
represent earthquake source zones. Source zones were defined by using instrumentally located epicenters 
(post-1970) to determine seismically active areas. Within these areas, only large magnitude earthquakes 
(pre-1970) would be retained in the catalog. Thus, Figure 2.6-22 excludes the epicenters for eight of the 
possible Snake River Plain events due to their low intensities (hence, low magnitudes) and large location 
errors, and only includes the epicenters for the 1905 (Richter magnitude 5.5) Shoshone, 1928 (Richter 
magnitude 5.2), and 1937 (Richter magnitude 5.4) events. Although the epicenters for the 1928 and 1937 
events are near the Idaho-Nevada border outside of the Snake River Plain boundaries, Woodward-Clyde 
Consultants (Ref. 2-46) included them within the Snake River Plain since Smith and Arabasz (Ref. 2-52) 
extended the Snake River Plain boundary to the Idaho-Nevada border. More commonly, the Snake River 
Plain boundaries are defined by topographic features that separate the flat, low-lying Snake River Plain 
region from the surrounding mountainous Basin-and-Range Province. 


Figure 2.6-27 shows that from 1850 through 1995, the 1905 earthquake near Shoshone, Idaho, is the only 
event located within the Snake River Plain. The November 11, 1905, Shoshone earthquake occurred 
before there was instrumental monitoring in Idaho and, since its location was based on felt reports, it may 
have an error of 100 kilometers (62 miles) or more. This earthquake is significant to assessing seismic 
hazards at INL, because it may have originated within the Snake River Plain. 


1905 Shoshone Earthquake 


Recently, Oaks (Ref. 2-70) conducted a comprehensive investigation of historical records throughout an 
eight-state region to determine the magnitude and epicenter of the Shoshone earthquake. For the 
investigation, historical documents were sought from Nevada, Oregon, Idaho, Utah, Wyoming, Montana, 
California, Colorado, and Washington, D.C. Primary sources included original field notes of the 
Department of Agriculture weather observers reports, daily and monthly journal notations by U.S. Army 
Surgeons and other scientific and military personnel at U.S. Army command posts, personal diaries, and 
church records. Secondary sources, those transcribed from primary sources for use in another document, 
included newspapers, journal articles, books, maps, reports, and earthquake catalogs. 


From a compilation of damage reports, Oaks (Ref. 2-70) determined the Modified Mercalli intensity for 
towns in Idaho, Utah, Nevada, and Oregon. Figure 2.6-31 shows the contours for intensities IV and V, 
and the possible location of the epicenter near the Idaho-Utah border. Both Shoshone, Idaho, and Elko, 
Nevada, reported damage that corresponds to intensity VI. It is noted that for other earthquakes these 
towns report higher intensities than surrounding towns (Ref. 2-66). A Richter magnitude of 5.5 + 0.5 was 
estimated for the Shoshone earthquake, based on notes of seismic-wave amplitudes observed on a 
seismogram recorded by a station in Canada and measurements of the area within of the intensity V 
contour. Comparison of the intensity contours for the 1905 earthquake with earthquakes occurring near 
the Idaho-Utah border in 1934 (Ml 6.6), 1962 (Ml 5.7), and 1975 (Ml 6.0) also provides further support for 
an origin outside the Snake River Plain. Even though this study suggests the earthquake epicenter may 
have been outside the Snake River Plain, recent seismic hazards assessments at INL have estimated the 
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level of ground motions from an earthquake similar in size to the 1905 Shoshone earthquake occurring 
within the Eastern Snake River Plain near the INL. 


Hypotheses for Aseismic Nature of Eastern Snake River Plain 


Earthquakes up to surface-wave magnitude 7.5 associated with Basin-and-Range faults have occurred in 
the Intermountain Seismic Belt, but only small magnitude earthquakes (Richter magnitude less than 1.5) 
have been detected instrumentally in the Eastern Snake River Plain. In addition, the rate of seismicity 
(number of earthquakes per unit of time) is much lower in the Eastern Snake River Plain than in the 
Intermountain Seismic Belt and Centennial Tectonic Belt (Ref. 2-58). Several investigators have 
attempted to explain the comparative aseismicity of the Eastern Snake River Plain. Their analyses have 
considered the distribution of instrumental seismicity and active faults, topography (surficial geologic 
features), the geologic history of formation of the Eastern Snake River Plain and the Basin-and-Range 
Province, tectonic stress patterns, crustal heat flow, and crustal- and upper-mantle compositions and 
properties. Earthquakes in the Centennial Tectonic Belt and Intermountain Seismic Belt indicate that the 
region around the Eastern Snake River Plain is subjected to a tectonic extensional stress field that actively 
extends the crust by normal faulting, which over millions of years produces mountains and valleys. The 
Eastern Snake River Plain is also subjected to this same stress field and possibly similar strain rates 
(Figures 2.6-24 and 2.6-25), but Basin-and-Range-style normal faults are not present within the Eastern 
Snake River Plain, leading investigators to propose alternative mechanisms for extensional deformation: 


• Aseismic Creep. Smith and Sbar (Ref. 2-60) and Brott and others (Ref. 2-113) suggest that 
deformation occurs by creep in response to high crustal temperatures beneath the Eastern Snake 
River Plain. Comparisons of heat-flow data in and outside the Eastern Snake River Plain suggests 
that temperatures are higher beneath the Eastern Snake River Plain (Refs. 2-113, 2-114, and 
2-115). Unlike the Basin-and-Range Province, where brittle deformation (rock fracture) and 
associated earthquakes raise the mountains and lower the valleys, the Eastern Snake River Plain 
experiences only ductile deformation (aseismic creep) because high temperatures in the crust 
preclude brittle deformation. 


• Crustal Strength. Anders and others (Ref. 2-74) suggest that the Eastern Snake River Plain and 
the region adjacent to its boundary (the “collapse shadow”) have increased integrated-lithospheric 
strength. They propose that the presence of a mid-crustal mafic intrusion strengthens the crust so 
that it is too strong to fracture. Smith and Arabasz (Ref. 2-52) also suggested that the mid-crustal 
mafic body beneath the Eastern Snake River Plain may increase crustal strength and thereby 
reduce the seismic capability of the Eastern Snake River Plain. 


• Dike Injection. Parsons and Thompson (Ref. 2-116) proposed that magma overpressure through 
dike injection suppresses normal faulting and associated seismicity by altering the local stress 
field. In addition, the intrusion of numerous northwest-trending dikes during the long-term history 
of intermittent basaltic volcanism allows extension on the Eastern Snake River Plain to keep pace 
with tectonic extension occurring in the surrounding Basin-and-Range Province or Intermountain 
Seismic Belt (Refs. 2-40 and 2-106). Dike intrusion extends the crust because pressurized magma 
dilates the walls of the dike by a meter or more with each intrusion event. 


• Crustal Strain Rates. Anders and Sleep (Ref. 2-117) suggest that the introduction of mantle-
derived mafic magmas into the mid-crust increases the strain rate in the region directly over the 
hotspot (e.g., the contemporary high seismicity rate within the Yellowstone Plateau). Cooling and 
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crystallization of the mid-crustal mafic magmas as the crust moves away from the hotspot causes 
the strain rate to decrease to low levels (the current situation within the Eastern Snake River 
Plain). Several million years are required; after that before-strain rates climb to pre-hotspot levels. 


Causes of Eastern Snake River Plain Microearthquakes 


Investigators have also suggested possible mechanisms for microearthquakes that occur within the 
Eastern Snake River Plain. Because the Eastern Snake River Plain is a volcanic province, magmatic 
processes are a possible mechanism for the low-level microearthquakes. Brott and others (Ref. 2-113) 
suggested that microearthquakes may be a result of subsidence due to cooling and contraction of the 
Eastern Snake River Plain following the passage of the hotspot. Pelton and others (Ref. 2-59) suggested 
association with dike-injection or mass loading of the crust by the rhyolite domes near the axis of the 
Eastern Snake River Plain. Jackson and others (Ref. 2-58) observed that the microearthquakes that have 
occurred in the Eastern Snake River Plain from 1972 through 1995 do not have the distinct spatial or 
temporal patterns observed for contemporary dike-injection events at Kilauea, Hawaii, or Krafla, Iceland 
(Refs. 2-118, 2-119, 2-120) and therefore are not likely due to magmatic processes. Although no detailed 
analyses of mass loading and its role in producing microearthquakes within the Eastern Snake River Plain 
has been performed, Jackson and others (Ref. 2-58) attribute the occurrence of microearthquakes (Richter 
magnitude less than 1.5) to small-scale faulting in the shallow crust, in response to the regional 
extensional tectonic stress field. This interpretation is supported by two composite focal mechanisms for 
microearthquakes within the Eastern Snake River Plain that suggest predominantly normal faulting with 
northeast to southwest oriented T-axis. 


Volcanic Seismicity 


Several volcanic rift zones occur on the Eastern Snake River Plain in the vicinity of the INL (see 
Section 2.6.6 for a complete description). In addition to volcanic vents, the volcanic rift zones contain 
fissures, monoclinal flexures, normal faults, and graben, all of which are induced by shallow dike 
intrusion during periods of volcanic activity. Seismic studies at active volcanic rift zones, such as in 
Hawaii and Iceland, and theoretical and physical models of the resulting surficial deformation features 
indicate that dike-injection can produce small normal faults that extend to or slightly below the top of the 
dike (up to 4 kilometers [2.4 miles]) (Refs. 2-121, 2-122, 2-123, 2-124, and 2-125). 


Because a dike-injection event has not been observed within an Eastern Snake River Plain rift zone, two 
methods are used to estimate maximum magnitudes of earthquakes that could be associated with future 
dike-injection events. The first method uses analogy to active volcanic rift zones of the world to estimate 
the maximum magnitude of earthquakes that would accompany future Eastern Snake River Plain 
volcanism (Table 2.6-7). In the active volcanic rift zones of Iceland, Hawaii, and east Africa, small 
earthquakes, commonly less than 4.5 in magnitude, accompany basalt dike injection, although magnitude 
5.5 earthquakes have been observed (Refs. 2-126, 2-127, 2-128, and 2-55). Rubin suggests that some 
small normal faults form aseismically during multiple dike-injection events (Ref. 2-129). Bjornsson and 
others observed offsets of up to 2 meters (6.5 feet) along normal faults during intrusion into the Krafla 
volcanic rift zone, Iceland, while the largest associated earthquake was magnitude 3.8 (Ref. 2-130). 


The second method for estimation of the upper bound maximum magnitude of seismicity associated with 
potential future dike-injection events on the Eastern Snake River Plain uses the empirically based 
relationship of fault-area versus moment magnitude developed by Wells and Coppersmith (Ref. 2-131). 
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Table 2.6-6 shows the range of magnitudes, 3.3 ≤ Mw ≤ 5.3, derived from the fault area vs. moment 
magnitude relationship for normal fault lengths within the Arco and Lava Ridge-Hells Half Acre volcanic 
rift zones (Ref. 2-90). These values are somewhat similar to the observational values shown in Table 
2.6-7. Using this relationship to estimate the maximum magnitude results in an upper bound for several 
reasons (Ref. 2-127): 1) deformation can occur aseismically and seismic moment release may be small 
compared to total moment released through inelastic deformation (Refs. 2-132, 2-133, and 2-129); 
2) faults rupture in small increments in tandem with dike propagation; 3) dike-induced normal faults have 
shallow downdip widths resulting in small areas for rupture (Ref. 2-134); 4) using magnitude-fault area 
relationships assumes rupture along the entire length, but observations indicate that the faults move in 
small increments or even aseismically; and 5) the relationship of moment magnitude to fault area assumes 
a crustal value for rigidity (3 x 1011 dyne/cm2) which may be lower for near-surface volcanic rocks, to 
appropriately describe volume changes (approximately 0.5-1.8 x 1011 dyne/cm2) (Refs. 2-132, 2-133, and 
2-135). 


Recurrence intervals of the dike-induced seismicity within the Eastern Snake River Plain volcanic rift 
zones are based on the volcanic rock record (Ref. 2-40). For the current INL probabilistic assessment, the 
maximum magnitude (Mw 5.5) earthquake is assumed to occur during each dike-injection episode even 
though observational seismicity during dike-injection events in Iceland and Hawaii show that most 
episodes of dike injection are accompanied by earthquakes of magnitude 3.5 or less. 


2.6.2.3.2 Northern Basin and Range Province 


Centennial Tectonic Belt 


The 1983 surface-wave magnitude 7.3 Borah Peak, Idaho, earthquake is the largest event to occur in the 
Centennial Tectonic Belt (Figure 2.6-22 and Figure 2.6-27). Figure 2.6-30 shows a map of the Borah 
Peak earthquake intensity distribution (Ref. 2-67). The focus of the earthquake was at a depth of 
16±4 kilometers (9.9 ± 2.4 miles), near the base of the seismogenic crust, at the south end of the 
Thousand Springs segment of the Lost River fault (Ref. 2-86). It ruptured to the northwest producing 
36 kilometers (22 miles) of surface faulting along the Thousand Springs segment and a portion of the 
Warm Springs segment. It also produced a surface scarp with a maximum of 2.7 meters (8.8 feet) of 
vertical displacement (Ref. 2-65). The Borah Peak mainshock and aftershocks define a normal fault 
dipping 40 to 50 degrees to the southwest, which is consistent with dips determined from first motions, 
body-wave analysis, and geodetic observations (Table 2.6-5) (Ref. 2-66). The stress drop determined 
from seismic moment is 17 bars, and from geologic data is 12 bars. Even considering the possible sources 
of error in the calculations, the stress drop probably did not exceed 75 bars, suggesting that the Borah 
Peak earthquake was a low stress-drop event, compared to other normal faulting earthquakes in the same 
magnitude range (Ref. 2-86). 


Red Rock Valley. This August 20, 1999, Mb 5.3 earthquake was felt throughout the region, to distances 
of 325 kilometers (202 miles). Items were knocked from shelves in the epicentral area, but no significant 
damage was reported. The mainshock had a focal depth of 10 + 1 kilometers (6 ± 0.6 miles). P-wave first 
motion data from the mainshock and largest aftershock indicate predominantly dip-slip on a northwest-
trending, moderately dipping normal fault. The earthquake and aftershocks are interpreted to be 
associated with a crossover structural zone between the east-dipping Red Rock normal fault and the west-
dipping Monument Hill fault, range-bounding faults with later Quaternary displacements (Ref. 2-136). 
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Intermountain Seismic Belt 


Several moderate- to large-magnitude earthquakes can be correlated to tectonic structures within the 
central part of the Intermountain Seismic Belt near the Eastern Snake River Plain (Figure 2.6-22). 


Hansel Valley. The March 12, 1934, ML 6.6, Hansel Valley, Utah, earthquake was felt over an area of 
440,000 square kilometers (169,885 square miles) and reached Modified Mercalli intensity VIII 
(Ref. 2-79). 


Shenon (Ref. 2-137) mapped north-trending subparallel fractures displacing salt flats and unconsolidated 
late Quaternary sediments in the southwestern part of Hansel Valley over an area 6 kilometers (3.7 miles) 
wide and 12 kilometers (7.4 miles) long. Up to 50 centimeters of vertical displacement and 25 centimeters 
horizontal offset were reported by dePolo and others (Ref. 2-138). The focal mechanism from seismic 
wave-form modeling by Doser (Ref. 2-139) indicates that the main shock occurred along a strike-slip 
fault with left-lateral slip on a northeast-trending structure. The event originated at a focal depth of 8 to 
10 kilometers (3.7 to 7.4 miles) and had a subsurface rupture length of 11 kilometers (6.8 miles) 
(Ref. 2-139). 


Cache Valley. Reanalysis of seismograms for the August 30, 1962, Ms 5.7, Cache Valley earthquake 
indicates that it may be associated with the Temple Ridge fault, a less prominent feature with only 
500 meters (1640 feet) of Neogene throw, located east of the East Cache fault (Ref. 2-140). Focal depth is 
estimated to be 10±2 kilometers (7.4 ± 1.2 miles) and focal mechanisms from first motions and body 
wave analysis suggest predominantly dip-slip normal faulting with dips of 49 and 58 degrees, 
respectively, to the west, and small components of right-lateral strike-slip motion (Refs. 2-141 and 
2-140). Woodward-Clyde Consultants (Ref. 2-46) estimated Brune and RMS stress drops of 
25.2±5.2 bars and 45±4 bars, respectively. 


Pocatello Valley. The March 28, 1975, Mb 6.1, Pocatello Valley earthquake occurred along a northeast-
trending structure with a large left-lateral component of slip (Ref. 2-142). 


Figure 2.6-32 shows the Modified Mercalli intensity distribution (Ref. 2-71). Studies of the aftershock 
sequence were consistent with a fault dip of 39 degrees to the northwest (Ref. 2-143). The event 
originated at a focal depth of about 9 kilometers (5.6 miles) (Table 2.6-5) and has an inferred stress drop 
of about 50 bars for initial faulting (Ref. 2-142). 


Draney Peak. The February 3, 1994, Mw 5.7 Draney Peak earthquake occurred along buried subsidiary 
structures in the hanging wall of the Star Valley normal fault. The mainshock focal mechanism indicates 
normal slip along a northerly-striking fault. Hypocenters in the 25- to 30-kilometer (15- to 18-miles) long 
north-south trending aftershock zone form two diffuse, non-copolar zones dipping east-northeast. 
Aftershock focal mechanisms show predominantly normal faulting with a mixture of dip-slip, strike-slip, 
and some reverse mechanisms (Ref. 2-144). 
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2.6.2.3.3 Yellowstone Plateau 


Hebgen Lake Earthquake 


The August 18, 1959, surface-wave magnitude 7.5, Hebgen Lake earthquake is the largest event to occur 
in the Intermountain Seismic Belt region. Figure 2.6-29 shows the Modified Mercalli intensity 
distribution (Ref. 2-145). Seismic wave-form analysis by Doser (Ref. 2-63) indicates that the main shock 
was a double event consisting of subevent one, an Mb 6.3 followed 5 seconds later by subevent two, an 
Mb 7.0. Doser’s analysis also suggests that the rupture occurred along one or more fault planes with east-
west strike orientations (Table 2.6-5) slightly discordant with the trace of surface faulting along the 
Hebgen and Red Canyon faults. Maximum vertical displacements of 6.7 meters (22 feet) over a surface 
scarp length of 23 kilometers (14 miles) and 6.1 meters (20 feet) over 14.5 kilometers (9 miles) were 
observed along the Red Canyon and Hebgen faults (Refs. 2-100 and 2-146). A 1-meter (3-foot) scarp was 
observed along a 3-kilometer (1.8-mile) segment of a fault adjacent to Madison Canyon, but it is difficult 
to determine whether it was related to coseismic movement associated with the Hebgen Lake earthquake 
(Ref. 2-100). 


Focal mechanisms derived from first motions and body-wave analysis for the subevents indicates normal 
faulting with dips ranging between 40 to 60o to the southwest. Subevent 1 initiated at a focal depth of 
10 kilometers (6.2 miles) and subevent 2 at 15 kilometers (9.3 miles). The estimated stress drop for the 
main shock is 115 bars (Ref. 2-63). 


Yellowstone Caldera 


The June 30, 1975, Ml 6.1, Yellowstone Park earthquake occurred near the northern rim of the 
Yellowstone Caldera. Figure 2.6-33 shows the Modified Mercalli intensity distribution. The focal depth 
of this event was shallow, 6 kilometers (3.7 miles). Aftershock studies and first motions suggest normal 
faulting along a northwest-trending structure dipping about 70 degrees to the northeast (Ref 2-147). 


2.6.2.3.4 Northern Rocky Mountains 


Clarkston Valley 


The July 10, 1925, magnitude 6.8, Clarkston, Montana, earthquake was felt over an 800,000-square-
kilometer area and reached a Modified Mercalli intensity of VIII in the epicentral area (Ref. 2-52). 
Although this earthquake was large, it produced no surface scarp, but some ground cracks were observed 
(Ref. 2-148). Seismic wave analysis indicates a focal depth of 9 kilometers (5.6 miles), a rupture length of 
25 kilometers (15.5 miles), and oblique normal slip on a northwesterly-dipping plane (Table 2.6-5) 
(Ref. 2-149). 


Virginia City 


The November 23, 1947, magnitude 6.3 Virginia City earthquake may be associated with rupture along a 
portion of the northwest-trending Madison Canyon fault, based on first motions (Ref. 2-150). Reanalysis 
using seismic waveforms suggests a combination of strike-slip and dip-slip faulting (right-lateral oblique 
slip) along a normal fault striking east-west. Doser suggests that fault motion at depth in this part of the 
Hebgen Lake/Madison region occurs along structures striking nearly east-west and that the northwest 
strike of surface faulting may reflect the trend of preexisting weaknesses that the earthquake ruptures 
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exploited as they propagated to the surface. The event originated at a focal depth of about 8 kilometers 
(5 miles) (Ref. 2-149). 


2.6.2.3.5 Maximum Earthquake Potential 


Patterns of seismicity and locations of mapped faults have been used to assess potential sources of future 
earthquakes for estimating ground shaking at INL. As shown in Figure 2.6-23, the sources and maximum 
magnitudes of earthquakes that could produce the maximum levels of ground motions at the ISF site 
include: (1) a magnitude 7.15 earthquake at the southern end of the Lemhi fault; (2) a magnitude 
7.25 earthquake at the southern end of the Lost River fault; (3) a magnitude 5.5 earthquake associated 
with dike injection in either the Arco or the Lava Ridge-Hell’s Half Acre volcanic rift zone and the axial 
volcanic zone; (4) a background magnitude 5.5 earthquake in the Eastern Snake River Plain; and (5) a 
background earthquake with magnitude up to 6.75 in the northern Basin-and-Range Province (Ref. 2-47). 
Ground motion contributions from other sources such as the postulated Eastern Snake River Plain 
boundary fault, northern Basin-and-Range Province, Yellowstone Plateau, and Idaho Batholith are 
significantly smaller due to their distant locations or lower maximum magnitudes. 


Lemhi Fault–Howe Segment 


The Howe segment, at the southern end of the Lemhi fault, is the closest part of the Lemhi fault to the 
INL (Figure 2.6-35). The ISF site is about 26 kilometers (16.1 miles) from the mapped southern 
termination of the Howe segment (Ref. 2-47). The most recent event (MRE) occurred between 15,000 and 
24,000 years ago (Ref. 2-88). The lengths of the Howe and Fallert Springs (the segment just north of the 
Howe segment (Figure 2.6-36) segments are approximately 15 to 20 kilometers (9.3 to 12.4 miles) and 
25 to 30 kilometers (15.5 to 18.6 miles), respectively (Refs. 2-155, 2-152, and 2-91). Recent paleoseismic 
investigations (four trenches excavated across the segments) by Woodward-Clyde Consultants (Refs. 2-46 
and 2-88) indicate that the MRE could have ruptured portions of both the Howe and Fallert Springs 
segments, resulting in a total length of 35 kilometers (21.7 miles). For the MRE, maximum and average 
displacements are 2.5 and 1.5 meters, respectively (Ref. 2-88). The maximum magnitude estimated for 
the southern Lemhi fault is 7.15, based on empirical data from Wells and Coppersmith (Ref. 2-131) using: 
(1) surface rupture length; (2) subsurface rupture length; (3) rupture area (length x downdip extent; 31 x 
21 kilometers (19 x 13 miles) (Figure 2.6-37); (4) maximum displacement; and (5) average displacement 
(Refs. 2-46 and 2-47). The slip rate of 0.1 millimeter/year for both the Howe and Fallert Springs segments 
is lower than the estimated 0.3 millimeter/year for the Thousand Springs segment of the Lost River fault, 
indicating that the Howe segment is less active (Ref. 2-65). 


Lost River Fault–Arco Segment 


The Arco segment is at the southern end of the Lost River fault and is the part of the fault closest to the 
INL (Figure 2.6-23). The north and south ends of the Arco segment have been mapped at different 
locations by various investigators. The northern terminus was originally mapped at King Mountain 
(Refs. 2-49 and 2-153), but has more recently been established at Ramshorn Canyon (Refs. 2-65, 2-154, 
2-85, and 2-155). Woodward Clyde Federal Services (Ref. 2-47) use the Ramshorn Canyon terminus in 
their detailed analysis of fault behavior. The location of the southern terminus is less certain. Three 
scenarios are possible. Scenario 1: The fault ends about 1 kilometer (0.6 mile) south of Arco, where 
scarps that are mapped along the main range front disappear under alluvium in the Arco Basin 
(21 kilometer [13 miles] total length, 9 kilometer [5 miles] west of the INL boundary). Scenario 2: The 
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fault ends about 2 kilometers (1.2 miles) south of the range-front scarps in an area west of Butte City 
where scarps in basalt lava flows occur. Most evidence (Refs. 2-47 and 2-90) supports this interpretation 
(25 kilometer [15.5 miles] total length, 7 kilometers [4.3 miles] west of the INL boundary). Scenario 3: 
suggests that the terminus may lie 7 kilometers (4.3 miles) southeast of Butte City at a set of monoclinal 
flexures in the northwest end of the Arco volcanic rift zone (30 kilometer [18.6 miles] total length, 
1 kilometers [0.6 mile] west of the INL boundary). Each of these scenarios is used in the 1996 
probabilistic seismic hazards assessment for INL (Ref. 2-56). 


The most recent and penultimate events on the Arco segment occurred between 21±4 and 20±4 thousand 
years ago, possibly with contemporaneous rupture on the Pass Creek segment to the north. Maximum 
magnitude estimates for the Arco segment range from 6.6 to 7.3 (Ref. 2-156). The uncertainty in 
magnitude is due to uncertainty in rupture length, uncertainty in assumptions that the measured 
displacements represent average or maximum values, and the apparent discrepancy between length-based 
and displacement-based magnitudes. The net vertical displacement at the Arco Peak site (on the Arco 
segment) averages 1.2 to 1.5 meters (3.9 to 4.9 feet) per event. The best estimate of slip rate between 
58,000 and 20,000 years ago is 0.12 millimeters per year (Refs. 2-65 and 2-156). 


Beaverhead Fault–Blue Dome Segment 


The Blue Dome segment is at the southern-most end of the Beaverhead fault (Figure 2.6-23). The ISF site 
is 52 kilometers (32 miles) horizontal distance from the Blue Dome segment. Stickney and Bartholomew 
(Ref. 2-157) estimate the MRE at more than 30,000 years ago. More recent mapping in the area suggests 
that it has not been active for several hundred thousand years because no scarps are present on Quaternary 
alluvial fans (Ref. 2-92). The length of the segment is estimated to be about 25 kilometers (15.5 miles). 
Woodward-Clyde Consultants (Ref. 2-46) estimates a maximum magnitude of 7.0 for an earthquake on 
along the Blue Dome fault, based on analogy to the Lemhi and Lost River faults further to the west. 
Several investigators suggest that this segment has a slip rate of 0.02 mm/year to 0.3 mm/year (Ref. 2-65). 


Eastern Snake River Plain Volcanic Zones 


Volcanic vents are not randomly distributed on the Eastern Snake River Plain, but occur in discrete zones. 
Most vents occur in northwest-trending volcanic rift zones and a concentration of vents also occurs along 
the axis of the Eastern Snake River Plain. Volcanic rift zones on the Eastern Snake River Plain contain a 
variety of structures, other than volcanic vents, that suggest an association with shallow northwest-
trending dikes in the subsurface. These structures include fissures, fissure swarms, fault scarps, and 
monoclines, all of which have been observed in active volcanic rift zones of Iceland and Hawaii and 
demonstrated to be associated with shallow dike intrusion (Refs. 2-123 and 2-124). The great age range of 
exposed volcanic rift zones on the Eastern Snake River Plain (from over 1 million years to 2000 years 
(Refs. 2-40 and 2-42) suggest that basaltic volcanism throughout the history of the Eastern Snake River 
Plain has been fed by volcanic rift zone processes. The northwest trend of volcanic rift zones and the 
dikes that produce them is controlled by the regional northeast-directed extensional stress field 
(Ref. 2-39). The same stress field produces northwest-trending normal faults, northwest- trending fault-
block mountain ranges, in the Basin-and-Range province to the north and south of the Eastern Snake 
River Plain. 


The long-term (about 4 million years ago to present) intrusion of northwest-trending basalt dikes into the 
Eastern Snake River Plain has accommodated northeast-directed extension that was elsewhere 
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accommodated by normal faulting (Ref. 2-106). The supplanting of normal faulting and its associated 
earthquakes in the Eastern Snake River Plain by dike intrusion is the mechanism that best explains the 
relatively aseismic nature of the Eastern Snake River Plain with respect to the surrounding Basin-and-
Range Province and Yellowstone Plateau (Refs. 2-116 and 2-126). 


Arco Volcanic Rift Zone 


The Arco volcanic rift zone extends from the southern end of the Lost River Range across the 
southwestern corner of the INL (Figure 2.6-23). The ISF site is about 14 kilometers (8.7 miles) away 
from the closest point on the boundary of the rift zone. The rift zone is about 8 kilometers (5 miles) wide 
and 20 kilometers (12.4 miles) long (Refs. 2-157 and 2-48). Small normal faults within the rift zone are 
5 to 6 kilometers (3 to 3.7 miles) in length, have maximum cumulative vertical offsets of about 12 meters 
(39 feet) (multiple offsets) and are postulated to extend to a depth of 2 kilometers (1.2 miles) below the 
surface (Refs. 2-121, 2-47, 2-46). A set of fissures in the Box Canyon graben area is collinear with the 
small normal faults (Table 2.6-8) bounding the graben, which results in a total length of 8 kilometers 
(5 miles). Based on the compilation of earthquake data for active rift zones, a maximum magnitude of 
5.5 is assumed possible for future dike-injection events within the rift zone. This is consistent with a 
magnitude of 5.2, based on the assumption that an earthquake associated with dike injection ruptures a 
fault area of 16 square kilometers (length x depth; 8 x 2 kilometers [5 x 1.2 miles]; Figure 2.6-37) 
(Refs. 2-46 and 2-47). The most recent volcanic activity in the central part of the volcanic rift zone 
appears to have been about 95,000 years ago (Refs. 2-159, 2-48, 2-158, and 2-160). The 10,000 to 
13,000 year old Cerro Grande and North and South Robbers lava flows occur at the southern end of the 
volcanic rift zone at its intersection with the axial volcanic zone (Ref. 2-48). 


Lava Ridge–Hell’s Half Acre Volcanic Rift Zone 


The Lava Ridge-Hell’s Half-Acre volcanic rift zone extends from the southern end of the Lemhi range 
across the INL to the southeastern corner (Figure 2.6-23). The ISF site is about 28 kilometers (17.4 miles) 
away from the closest point on the boundary of the rift zone. The rift zone is 3 to 6 kilometers (1.8 to 
3.7 miles) wide and 50 kilometers (31 miles) long. At the southern end of the rift zone, two sets of 
fissures, which may or may not be associated with small normal faults (Table 2.6-8), are about 4 
kilometers (2.5 miles) in length (Ref. 2-108). Because portions of the fissures are covered by younger 
lava flows, the fissure sets could extend 11 kilometers (6.8 miles) farther south. A maximum magnitude 
of 5.5 was assumed possible for earthquakes associated with future dike-injection events within the Lava 
Ridge-Hell’s Half-Acre rift zone, based on the compilation of earthquake data shown in Table 2.6-7. This 
is consistent with a magnitude of 5.5, which was estimated using fault area (15 x 3 kilometers = 30 square 
kilometers [18.6 square miles]) and assuming rupture along the entire fissure lengths (Refs 2-46 and 
2-47). The most recent volcanic activity within the Lava Ridge-Hell’s Half-Acre rift zone occurred with 
the eruption of the Hell’s Half Acre volcanic field at its intersection with the axial volcanic zone about 
5200 years ago (Refs. 2-158 and 2-48). 


Howe–East Butte Volcanic Rift Zone 


The postulated Howe-East Butte volcanic rift zone extends across the central portion of the INL from the 
range front south of Howe to East Butte (Figure 2.6-23). It is poorly expressed surficially and is mostly 
covered by fluvial and lacustrine sediment (Ref. 2-161). The ISF site is within the postulated Howe-East 
Butte volcanic rift zone. Woodward-Clyde Consultants (Refs. 2-46 and 2-47) consider the maximum 
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magnitude for the Howe-East Butte to be 5.5, similar to the Arco and Lava Ridge-Hell’s Half-Acre 
volcanic rift zones. Volcanic vents in the Howe-East Butte volcanic rift zone are dated at 580,000 to 
641,000 years old (Ref. 2-48), and a conservative minimum age for the Howe-East Butte volcanic rift 
zone is 230,000 years, based on the age of lava flows from the axial volcanic zone that cover volcanic rift 
zone structures and vents (Ref. 2-48). 


Axial Volcanic Zone 


The axial volcanic zone is located along the Eastern Snake River Plain axis and crosses portions of the 
INL’s southern and eastern boundary. The ISF site is about 13 kilometers (8 miles) from the closest point 
of the axial volcanic zone boundary. Dike-induced structures are near the intersections of the Arco and 
Lava Ridge-Hell's Half Acre volcanic rift zones with the axial volcanic zone. Thus, a maximum 
magnitude of 5.5 is assumed possible, based on the interpretation that dike injection mechanisms in the 
axial volcanic zone are similar to those in other Eastern Snake River Plain volcanic rift zones. The most 
recent volcanic activity took place about 5000 years ago at the Hells Half Acre lava field (Refs. 2-159 and 
2-48). 


Great Rift Volcanic Rift Zone 


The Great Rift volcanic rift zone crosses the Eastern Snake River Plain in the northwest to southeast 
direction. It is about 70 kilometers (45 miles) in total length, but is divided into three segments with 
slightly different trends. The three segments range in length from 15 to 30 kilometers. The ISF site is 45 
kilometers northwest from the closest approach of the Great Rift. 


The dimensions of fissure sets along the Great Rift are similar to those in the Lava Ridge-Hell's Half Acre 
volcanic rift zone; thus, a magnitude 5.5 is possible for earthquakes associated with future dike intrusion 
events. The most recent volcanic activity in the Great Rift occurred about 2000 years ago (Ref. 2-159). 
Because of the great distance of the Great Rift from the ISF site, ground motions resulting from volcanic 
seismicity will be less than ground motions from Eastern Snake River Plain background seismicity and 
seismicity associated with closer volcanic rift zones. 


Eastern Snake River Plain Background Province 


Although instrumental seismicity indicates that the Eastern Snake River Plain is relatively aseismic, an 
earthquake similar in size to the 1905 Shoshone event is considered possible within the Eastern Snake 
River Plain. For estimating ground motions at INL, an earthquake of maximum magnitude 5.5 is 
postulated to occur anywhere within a 25-kilometer radius of each facility. This is referred to as a 
“background earthquake” and is commonly used for design of commercial nuclear reactors to assess 
effects from earthquakes that may occur on unknown faults (those without surface exposures). 


Northern Basin and Range Background Province 


The northern Basin and Range background source region surrounds the Eastern Snake River Plain. 
Excluding known normal faults that are capable of generating magnitude 7.0 events, a background 
earthquake with a maximum magnitude of 6.75 is possible within this source region on unknown or 
“blind” faults (Refs. 2-46 and 2-47). Doser suggests that earthquakes of magnitude 6.0 to 6.75 could 
occur in the intermountain seismic belt without producing surface rupture, and thus would leave no 
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geologic record of their occurrence (Ref. 2-162). An example of this phenomena is the 1975 ML 6.0 
Pocatello Valley earthquake near the Idaho-Utah border. This event occurred on a “blind” (not evident in 
surface geology) cross-fault that trended transverse to the trend of nearby Basin and Range normal faults 
(Ref. 2-143). 


Idaho Batholith Background Province 


The Idaho Batholith is a seismically quiet region and its boundaries are defined by the extent of granitic 
rocks associated with the batholith. No extensive or well-defined Quaternary faults are mapped within the 
Idaho Batholith (Refs. 2-46 and 2-47). Although seismographic coverage is poor (a detection threshold of 
M≥ 3), it appears to have a low seismic potential (Ref. 2-48). Woodward-Clyde Consultants estimated the 
maximum magnitude to be Mw 5.5 (Refs. 2-46 and 2-47). 


Yellowstone Plateau Background Province 


The Yellowstone Plateau is the topographically high region of the Yellowstone volcanic field and 
surrounding areas. The elevation of the plateau averages approximately 2500 meters (8202 feet) and, in 
addition to the Yellowstone Caldera, it includes the Beartooth uplift to the east, the Hebgen Lake fault 
zone to the west, and the Teton Range to the south. It is an area of extremely high heat flow, profuse 
seismicity, abundant geothermal activity, low seismic velocity, low gravity, and rapid vertical crustal 
movements, all of which suggest high temperatures and perhaps magma bodies at relatively shallow 
depths in the crust (Ref. 2-92). Since detailed recording began in 1973, the maximum magnitude of 
seismicity within the Yellowstone Caldera has been about 4.5 and the focal depths have been less than 
10 kilometers (6.2 miles). Outside the caldera and along the Caldera rim, Yellowstone Plateau seismicity 
attains a greater focal depth (approximately 20 kilometers [12.4 miles]) and greater magnitude. It includes 
the 1959 Hebgen Lake (MS 7.5) event, largest earthquake in the Intermountain Seismic Belt and the 1975 
Yellowstone Park (ML 6.1) earthquake. Thus, the maximum magnitude of Yellowstone Plateau seismicity 
is assumed to be MS 7.5 for the INL probabilistic seismic hazards assessment (Refs. 2-47 and 2-56). 


2.6.2.3.6 Regional Seismic Wave Transmission Characteristics 


For the ground motion modeling studies, regional attenuation was characterized by a frequency-
dependent quality factor, Q(f). Singh and Herrman (Ref. 2-163) determined a regional crustal coda Qo of 
450 and h of 0.2 for Q(f) in the Basin and Range northwest of the Eastern Snake River Plain. Braile and 
others (Ref. 164) observed high attenuation in the 1978 Eastern Snake River Plain seismic refraction 
experiment within the Eastern Snake River Plain for the P-wave quality factor Qp. They attributed it to 
low Q values in the volcanic rocks (Qp 20 to 200) and throughout the crust (Qp 160 to 300). Woodward-
Clyde Consultants (Refs. 2-45, 2-56) used the model parameters of Qo and h from Singh and Herrman in 
their deterministic analyses. They also suggest that the relatively short source-to-site distance of 20 km 
does not significantly attenuate earthquake ground motions. 


Near-Surface Geological Attenuation 


Woodward-Clyde Consultants (Ref. 2-45) indicate that near-surface geology (0 to 5 km depth) has a 
significant influence on earthquake ground motions at a site. The INL resides upon the Eastern Snake 
River Plain which is covered with basalt lava flows and sediments. Boreholes throughout the INL site 
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indicate the basalt is interbedded with sedimentary layers; in some areas, the percentage of interbeds 
reached 50 percent. 


This unique stratigraphy has the affect of deamplifying or decreasing the level of earthquake ground 
motions because seismic waves travel through a sequence of alternating high (basalt) and low (sediments) 
velocity zones that tend to scatter the seismic energy. Also, seismic energy is intrisically dampened by the 
sedimentary interbeds. The net effect of the interbedded basalt is to reduce the level of earthquake ground 
motions when compared to a homogeneous basalt (no interbeds) (Refs. 2-45, 2-56, 2-47). The amount of 
deamplification is dependent on the difference between the velocities for the basalt and sedimentary 
layers, but probably is in the range of 20 to 25 percent. 


Figure 2.6-38 shows the shear-wave velocity (Vs) profile determined to estimate earthquake ground 
motions at the INTEC (Refs. 2-56, 2-47). The velocity model was derived from using well and borehole 
logs located at and near INTEC. Since the velocity model has large contrasts (basalt vs. sediment), the 
velocity profiles were smoothed to taper the large effects of scattering which resulted in low-amplitude 
spectra. Regional earthquakes were digitally recorded near two boreholes at TRA (about 3 km northwest 
of the TMI-2 ISFSI site). These data were used to estimate the near-surface attenuation, k, and to 
determine the amount of smoothing in the velocity profiles. 


2.6.2.4 Probabilistic Seismic Hazard Analysis 


Both deterministic and probabilistic seismic hazard studies to evaluate potential earthquake ground 
motions have been conducted at the INL since the early 1970s for establishing seismic design criteria. 
Since that time, ground motion seismology and federal regulations (NRC and DOE) have continued to 
evolve, and geoscience investigations have continued at INL. To keep pace with these changes, site-
specific deterministic and probabilistic ground motion studies were completed for the INL facility areas 
during the 1990s. These studies formed the basis for development of site-specific probabilistic and 
deterministic ground motions at the TMI-2 ISFSI site. Recent changes in NRC requirements for power 
reactors allow for the use of probabilistic seismic design parameters (Ref. 2-165). DOE-ID has also 
updated the DOE/ID Architectural Engineering Standards to include probabilistic seismic design 
parameters for the INTEC (Ref. 2-166). The ISF design earthquake parameters are based on the recent 
probabilistic analysis results for INL and are discussed in Section 2.6.2.4.5. 


The probabilistic approach to the seismic design was approved by the NRC for the TMI-2 ISFSI. An 
exemption request was submitted to the NRC with the ISF Facility License Application. 


2.6.2.4.1 1977 Probabilistic Seismic Hazard Study 


In 1977, a probabilistic seismic hazard study was conducted by Agbabian Associates (Ref. 2-167) for the 
New Waste Calcining Facility site at the INTEC to calculate the probability of experiencing the design 
earthquake during the service life of the facility (Table 2.6-9). The procedure used the mathematical 
model of Der Kiureghian and Ang (Ref. 2-168). The investigators used three source areas having 
magnitude ranges from 6.75 to 7.5 with corresponding intensities of IX-X and recurrence intervals based 
on a limited historical earthquake catalog. They developed intensity attenuation relationships using five 
regional earthquakes (1935 MMI VII Helena, Montana; 1959 MMI X Hebgen Lake, Montana;1962 MMI 
VII Richmond, Utah; 1967 MMI VII Tushar-Sevier Central, Utah; and 1975 MMI VII Pocatello Valley, 
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Idaho). Their results suggested that for a peak horizontal acceleration of 0.40 g on rock, there is 0.01 
percent chance of exceedance in 100 years (Table 2.6-9). 


2.6.2.4.2 1984 Probabilistic Seismic Hazard Study 


In a 1984 probabilistic seismic hazard study, Tera Corporation calculated probabilities of peak horizontal 
accelerations for the Argonne National Laboratory West site on the INL. They developed seismic hazard 
maps for all of the INL including the INTEC. 


Their methodology used the Tera (Ref. 2-169) model developed from the work of Mortgat et al 
(Ref. 2-170). They specified nine source regions, three of which included the major range-bounding faults 
(Lost River, Lemhi, and Beaverhead). The magnitudes for the source regions ranged from 6.5 to 7.75. The 
recurrence intervals for the sources regions were derived from a 17-year earthquake record of the local 
region. 


The attenuation relationship was based on Campbell (Ref. 2-171) and Tera (Ref. 2-172) incorporating 
values of crustal attenuation determined from regional earthquake recordings (Ref. 2-163) and the results 
of the Eastern Snake River Plain refraction survey (Ref. 2-77). For the INTEC, the resulting seismic 
hazard maps show 0.18 g at a return period of 1,000 years and 0.30 g at a return period of 10,000 years 
(Table 2.6-9). 


2.6.2.4.3 1996 Probabilistic Seismic Hazard Evaluation 


The 1996 probabilistic seismic hazards evaluation by Woodward-Clyde Federal Services (Ref. 2-47) was 
conducted for the INL facility areas including the INTEC. This study has undergone extensive peer 
review and provides the basis for developing seismic design parameters to be used at the INL. 


The probabilistic methodology used in the study is based on Cornell (Ref. 2-173) and Youngs and 
Coppersmith (Ref. 2-174). It provides for explicit inclusion of the range of scientifically defensible 
seismologic and tectonic interpretations, including seismic source characterization and ground motion 
attenuation models (consistent with approaches in NRC Regulatory Guide 1.165, “Identification and 
Characterization of Seismic Sources and Determination of Safe Shutdown Earthquake Ground Motions,” 
Sections C 1 through 3). Uncertainties in conceptual models and parameters were incorporated into the 
hazard through use of logic trees. Sensitivity analyses were performed to examine the important 
contributors to the total hazard and to the uncertainties in the hazard. This evaluation incorporated results 
of all geologic, seismologic, and geophysical investigations conducted for the INL since the 1960s. 


Earthquake magnitudes and recurrence rates were assessed for the earthquake sources that contribute to 
potential ground motions at the INTEC site. The four closest sources (Figure 2.6-23) that contribute to the 
hazard at INTEC include: 


• Basin-and-Range normal faults, characterized by magnitudes ranging from Mw 6.5 to 7.75 based 
on fault dimensions (surface length, displacements, and area) and recurrence methods based on 
slip rates or recurrence intervals. 


• Northern Basin-and-Range background seismicity which is characterized by magnitudes ranging 
from Mw 6.25 to 6.75 and recurrence models are based on the historical earthquake record (1884 
to 1992). 
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• Eastern Snake River Plain background seismicity, characterized by magnitudes ranging from Mw 
5.0 to 6.0 based on the possible occurrence of the 1905 Shoshone earthquake within the Snake 
River Plain. Because the Eastern Snake River Plain is aseismic, the recurrence is estimated by 
assuming that one-third of the time earthquakes of this magnitude range occur in the Eastern 
Snake River Plain and two thirds of the time earthquakes of this magnitude range occur outside 
the Eastern Snake River Plain. 


• Volcanic rift zones of the Eastern Snake River Plain, characterized by magnitudes ranging from 
4.5 to 5.5 based on analogy with other active volcanic rift zones and measurements of fault 
dimensions for small normal faults produced by dike injection within the volcanic rift zones. The 
recurrence intervals are based on the recurrence of volcanism (Table 2.6-10). 


A site-specific attenuation relationship was developed for the INTEC site using the stochastic numerical 
ground motion modeling approach (Refs. 2-47 and 2-45) and results of shear-wave velocity measured in 
boreholes at the INTEC. In addition, four empirical ground motion attenuation relationships (unmodified 
for style of faulting factors), that represent the uncertainty in empirical modeling of earthquake ground 
motions, were used in the study. The site-specific stochastic attenuation relationship was weighted at 0.6 
because it is representative of the Eastern Snake River Plain geological conditions, which are vastly 
different from typical California sites. The empirical attenuation relationships (Refs. 2-45 and 2-175) 
were weighted individually based on their relative applicability, but total to a combined weight of 0.4. 


Results of the INL seismic hazard evaluation significant to the ISF Facility include (Ref. 2-47): 


• The ISF Facility is located within the Eastern Snake River Plain, which is characterized by a low 
rate of seismicity and small magnitude earthquakes. Thus, the background earthquakes within the 
Eastern Snake River Plain contribute little to the hazard at the ISF Facility. 


• There is little contribution from the volcanic rift zones because the volcanic episodes have long 
recurrence intervals (more than 15,000 years) and any associated seismicity is characterized by 
small magnitude (less than 5.5) earthquakes. 


• In general, the stochastic relationship results in lower motions at short periods than the empirical 
relationships because of the interbedded volcanic stratigraphy, which has a lower velocity 
gradient in the upper 1 kilometer (0.6 mile) than homogeneous rock, and the alternating high and 
low velocities, which tend to dampen out high-frequency ground motions. 


• At shorter return periods (less than 2000 years) the hazard is dominated by the northern Basin-
and-Range background seismicity due in part to the extremely low level of seismicity in the 
Eastern Snake River Plain and the long recurrence intervals of the Basin-and-Range faults. 


• The Basin-and-Range faults contribute more to the hazard at 10,000 years because this return 
period approaches the average recurrence interval of the faults. 


The results of the 1996 probabilistic seismic hazard evaluation are for rock in the form of mean peak 
horizontal accelerations and uniform equal hazard spectra for return periods of 500, 1000, 2000, and 
10,000 years. For the INTEC, the peak horizontal acceleration is 0.13 g at a return period of 2000 years 
(Table 2.6-9). 
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2.6.2.4.4 1999 Probabilistic Seismic Hazard Analysis 


In 1999, URS Greiner Woodward-Clyde Federal Services recomputed the probabilistic seismic hazards 
for all INL facility areas evaluated in 1996, including the INTEC, to incorporate stochastic modeling and 
empirical attenuation relationships more applicable for extensional tectonic regimes (Refs. 2-176 and 
2-177). 


Specifically, the stress drop median in the stochastic modeling was reduced from 75 to 50 bars based on 
recent evaluations of stress drops and extensional attenuation relationships (Refs. 2-47, 2-178, 2-179, 
2-180 and 2-181). The distribution for the site-specific stochastic modeling has a median of 50 bars 
(0.6 weight) with a range of 25 bars (0.2 weight), 75 bars (0.15 weight), and 150 bars (0.05 weight) to 
include a range of uncertainty about the preferred value. 


The empirical attenuation relationships used in this analysis were based on adjustments for extensional 
tectonic regimes used for the Yucca Mountain Site Characterization Project (Yucca Mountain Project). 
The Yucca Mountain Project ground-motion experts recognized that use of empirical attenuation 
relationships based primarily on California strong ground motions (strike-slip and thrust faulting 
earthquakes) for seismic hazard assessments in the Basin-and-Range Province would overestimate ground 
motions of normal faulting earthquakes. To address this issue, the Yucca Mountain Project ground-
motion experts developed scaling relationships that account for differences in earthquake sources of 
California strike-slip versus normal faulting to modify the empirical attenuation relationships 
(Ref. 2-182). For recomputation of the INL seismic hazards, only scaling relationships and similar 
weighting distribution were adopted to modify the empirical attenuation relationships selected by the 
Yucca Mountain Project ground-motion experts for applicability to extensional tectonic regimes 
(Refs. 2-176 and 2-177). 


Regulatory Guide 1.165 (Appendix C) recommends supplementing the probabilistic seismic hazard by 
response spectra shapes of the dominant earthquakes at low (1 to 2.5 Hertz [Hz]) and intermediate (5 to 
10 Hz) frequencies to arrive at the design earthquake response spectrum. In this analysis, the recomputed 
rock uniform hazard spectra were deaggregated to determine the contributions from dominant earthquakes 
at low and intermediate frequencies. The uniform hazard spectra were then supplemented by these results 
of the deaggregation to derive the smoothed, 5 percent damped horizontal rock response spectra at 1000, 
2000, and 10,000 years return periods, in accordance with the steps outlined in Regulatory Guide 1.165. 
The vertical rock response spectra were obtained by multiplying the vertical to horizontal spectral ratios 
developed for the INL to the horizontal response spectra. 


The peak horizontal accelerations for rock at 1000, 2000, and 10,000 years return periods were calculated 
to be 0.09g, 0.11g, and 0.18g respectively. The peak vertical accelerations for rock were 0.07g, 0.09g, and 
0.14g at 1000, 2000, and 10,000 years return periods respectively. 


2.6.2.4.5 Probabilistic Seismic Hazard Applicable to ISF Site 


Payne et al. (Ref. 2-183) adjusted the rock uniform hazard spectra at 2000 and 10,000 years return periods 
developed for the INTEC by URSG-WCFS in 1999 (Refs. 2-176 and 2-177) to be applicable to larger 
facility areas at INL. The larger facility areas included the INTEC, TRA, RWMC, and PBF. The 2000-
year return period uniform hazard spectra was also increased by 8 percent to account for a 2500-year 
return period in anticipation of revisions to the DOE-ID Architectural Engineering Standards 
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(Ref. 2-166). The adjusted 2,500-year return-period rock uniform hazard spectra are also applicable to the 
ISF site in developing the design earthquake parameters. 


The horizontal rock design earthquake response spectra were developed by incorporating smoothed, 
broadened regions of the peak accelerations, velocities, and displacements defined by the adjusted 
2500-year return-period rock uniform hazard spectra. Portions of the rock design earthquake response 
spectra were adjusted to ensure conservatism for the structural design process. Figure 2.6-39 reflects the 
2500-year return period horizontal rock design earthquake response spectra for 5 percent damping 
compared to the adjusted 2500-year return-period rock uniform hazard spectra. The peak ground 
acceleration (PGA) at the rock outcrop is 0.123g. Two statistically independent horizontal time histories 
(Figure 2.6-40 and Figure 2.6-41) were developed from the 2500-year return period horizontal rock 
response spectrum in accordance with the requirements of Seismic Analysis of Safety-Related Nuclear 
Structures (ASCE-98). The enveloping criteria used for matching the time histories with the design 
earthquake response spectra also satisfy the requirements of Standard Review Plan 3.7.1 (Ref. 2-184). 
These horizontal rock time histories constitute the control motions for the ISF site for performing the site 
soil response analysis. 


The 2500-year return-period vertical rock design earthquake response spectra were calculated using the 
vertical to horizontal (V/H) spectral ratios developed for the INL.  


2.6.2.5 Seismic Wave Transmission Characteristics of the ISF Site 


2.6.2.5.1 Development of Basecase and Randomized Soil Profiles 


Geotechnical investigations of the INL ISF site included eight boreholes and eight test pits to characterize 
the soil. Downhole measurements were conducted in two of the boreholes to establish shear-wave and 
compression-wave velocity data for the soil layers. Four seismic refraction lines were also run 
(Figure 2.6-13). The INL ISF site is underlain by dense to very dense sandy gravel over basalt rock. The 
dense sandy gravel extends from the ground surface to an average depth of about 2.5 feet. Most of this 
layer will be removed as construction progresses. The very dense sandy gravel ranges to about 25 to 
30 feet below the ground surface where it is underlain by basalt rock. The soil layers at the ISF site are 
uniform over the proposed locations for the buildings and the depth to bedrock is shallower than at other 
areas of INTEC (including the TMI-2 site). The static and dynamic properties of subsurface materials 
determined from the site geotechnical and geophysical investigations were used in the development of 
base case soil profiles. 


The base case soil profile was defined by the depth to each soil and rock layer. S-wave velocities and unit 
weight for each layer was developed from soil measurement at the ISF site (Figure 2.6-42) (Ref. 2-185). 
From the base case shear wave velocity and soil profile, the computer program RANPAR (Ref. 2-186) 
was used to generate 30 site-dependent, randomized soil profiles. Both shear wave velocity and total 
depth of profile were randomized. The statistical variation for development of the randomized soil 
profiles was based on site-specific soil data from borings and shear-wave measurements taken at various 
locations on the INTEC site (all within about one-half mile [0.8 kilometer] of the ISF facility). The 
resulting 30 randomized shear wave velocity profiles are presented in Figure 2.6-43, showing the mean 
minus one standard deviation, the mean, and the mean plus one standard deviation profiles with the 
30 randomized profiles. 
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2.6.2.5.2 Selection of Mean Ground Motion Hazard Level 


The mean horizontal ground motion hazard was developed by calculating the response of the 30 profiles 
to each of the two horizontal components of the 2500-year return-period rock motions. The computer 
program ProShake (Ref. 2-187) was used to calculate the response. Figure 2.6-44 and Figure 2.6-45 show 
the results of the individual response calculations, along with the mean results, in the form of 5 percent 
damped response spectra in each of the two horizontal directions. The mean values presented in these 
figures are representative of the mean ground motion hazard that may be expected at the site. The 
response spectral values are computed at the frequencies recommended in Standard Review Plan 3.7.1. 
The peak ground accelerations of the calculated responses are plotted at a period of 0.01 seconds. 


A specific “design earthquake” response spectra at the ground surface is not defined for the ISF site 
because the actual time histories from the soil response analysis, along with their associated strain-iterated 
soil properties are preserved for direct input into the soil structure interaction analysis. However, the 
mean ground motion hazard curves thus developed, if smoothed and broadened, could be considered the 
free-field horizontal design response spectra for the site. 


2.6.2.6 Design Earthquake Ground Motion 


To account for uncertainties in the soil-structure interaction analysis, the approach used was to vary the 
soil shear modulus between an upper and lower bound about the best estimate value. The goal of the site 
response analysis was to develop three sets of three-component surface acceleration time histories 
(corresponding to three sets of strain-iterated soil properties) whose mean response spectral values were 
consistent with the mean level of ground motion hazard presented above. These three sets of ground 
motion time histories, two horizontal and one vertical, were developed from site-specific analyses as 
described in the following sections. 


2.6.2.6.1 Development of Horizontal Design Earthquake Ground Motion 


From each of the 30 soil response analyses, strain-iterated shear modulus and damping ratio versus depth 
profiles were obtained, as shown in Figure 2.6-46 and Figure 2.6-47 respectively. The soil degradation 
models used in the iteration calculations are shown in Figure 2.6-48 (Ref. 2-185). The mean minus one 
standard deviation, the mean, and the mean plus one standard deviation strain-iterated profiles were then 
calculated from the data in these figures for each of the two horizontal directions. The strain-iterated 
dynamic soil properties for the three soil profiles are presented in Table 2.6-11. 


The soil response analyses, using the program ProShake, were then performed on the mean minus one 
standard deviation, the mean, and the mean plus one standard deviation strain-iterated profiles in each 
horizontal direction using the same input rock motions, holding the soil properties constant. The results of 
these analyses are presented in the form of 5-percent damped acceleration response spectra at the ground 
surface in Figure 2.6-49 and Figure 2.6-50 for each of the two horizontal directions respectively. 


The mean spectral values of the three response spectra presented in Figure 2.6-49 and Figure 2.6-50 are 
plotted against the mean of the 30 randomized cases (representing the mean ground motion hazard level) 
in Figure 2.6-51 and Figure 2.6-52. The two mean response spectra are reasonably similar. Thus, the three 
horizontal acceleration time histories corresponding to the three response spectra in each of the two 
horizontal directions are consistent with the mean levels of ground motion hazard. 
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The three free-field horizontal design earthquake time histories for each of the two components of 
horizontal ground motions, corresponding to the mean minus one standard deviation, the mean, and the 
mean plus one standard deviation strain-iterated soil profiles, are presented in Figure 2.6-53, 
Figure 2.6-54, and Figure 2.6-55 respectively. 


2.6.2.6.2 Development of Vertical Design Earthquake Ground Motion 


As previously discussed, the vertical design earthquake time histories developed at the bedrock outcrop 
by Payne et al. (Ref. 2-183) are not appropriate for use in soil response or soil-structure interaction 
analyses. 


1. The current state of knowledge for seismology is in debate about whether the vertical component 
of earthquake motions can be modeled solely from vertically propagating compressional (P) 
wave. 


2. The vertical response spectra at rock were developed from the V/H ratio which includes higher 
motions at frequencies between 10 and 30 Hz based on empirical data. The empirical data 
account for the content of the seismic waves generating the vertical motions. Thus, propagating 
the vertical component of the earthquake time histories through a soil column may result in 
unnecessary conservatism. 


The vertical design earthquake ground motion for the INL ISF site was developed by performing the 
following steps: 


1. The response spectra for the horizontal design earthquake ground motion time-histories discussed 
in Section 2.6.2.6.1 were multiplied by the empirical ratio of vertical to horizontal ground 
motions applicable to INL as shown in Figure 2.6-56. This resulted in target vertical ground 
surface acceleration response spectra at 2-percent and 5-percent damping. 


2. For each pair of horizontal ground surface motions, the vertical-to-horizontal ratio was applied to 
the component of horizontal motion with the slightly higher spectral response to develop a target 
vertical response spectrum. A total of three vertical target response spectra (corresponding to the 
three soil profiles) were developed from the three pairs of horizontal ground surface motions. 


3. A previously recorded vertical acceleration time-history that has the characteristics desired in the 
final vertical ground surface motion was selected. The criteria considered in selecting previously 
recorded vertical ground motion for spectral matching included: 1) seismic sources in an 
extensional tectonic regime, preferably in the Basin-and-Range Province of the western United 
States; 2) seismic moment magnitude and the source-to site distance ranges; and 3) the site 
subsurface conditions. The Anderson Dam Left Abutment motion was chosen for use in the 
spectral matching analyses. 


4. The computer program RASCAL (Ref. 2-188) was used to develop a vertical ground surface 
acceleration time-history using the vertical ground surface response spectrum for 2-percent 
damping (from step 1) and the phase spectrum of the selected recorded motion (step 2) as input. 
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5. Baseline correction of the resulting time-history was performed using the computer program 
BASECOR (Ref. 2-189). 


6. The individual values of the spectral match by RASCAL for the 2-percent damping target spectra 
were checked to ensure that they were at or above the target between 0.25 Hz and 50 Hz. Portions 
of the 2-percent spectrum and the entire 5-percent spectrum were checked that no more than 
5 points fell below the target spectrum, and that all the points that fell below the target spectrum 
were within 10 percent of the target in accordance with NUREG-0800 and NUREG/CR-5437 
(Refs. 2-184 and 2-190). 


7. There were a few points that did not meet the requirements for enveloping. Therefore, additional 
spectral matching of the time histories was performed using the program RSPMATCH to better 
fit the target spectra. After processing by RSPMATCH, the resulting vertical time histories were 
again baseline corrected with the program BASECOR to minimize the displacement drive. 


8. The durations of the final artificial vertical time histories were checked to be similar to that of the 
horizontal time-histories. 


Figure 2.6-57, Figure 2.6-58, and Figure 2.6-59, show the vertical target spectra and the final vertical 
ground-surface acceleration response spectra for 5-percent damping for the mean minus one standard 
deviation, the mean, and the mean plus one standard deviation strain-iterated soil profiles, respectively. 
The three vertical acceleration time histories corresponding to these three vertical ground-surface 
response spectra are plotted in Figure 2.6-53, Figure 2.6-54, and Figure 2.6-55. 


2.6.3 Surface Faulting 


Surface faulting, defined as the rupture of the earth’s surface due to tectonic or magmatic activity, is of 
concern in some areas of the INL, but not at the ISF site itself. The only place on the INL that could be 
affected by surface faulting related to tectonic activity is near the southern tip of the Lemhi fault, which is 
approximately 40 kilometers (25 miles) from the ISF site (Figure 2.6-22 and Figure 2.6-35). Surface 
faulting associated with an earthquake on the Howe and Fallert Springs segments could extend into the 
INL for a distance of several kilometers in the area just east of the Big Lost River sinks. 


Surface faulting is of concern in volcanic rift zones. Areas in and near the Arco and the Lava Ridge-Hells 
Half Acre volcanic rift zones (Figure 2.6-22) have the greatest potential for such dike-induced surface 
faulting. Also, the fissures north of the Naval Reactor Facilities (Figure 2.6-60) appear to be dike-induced 
fissures. The potential recurrence of such fissuring is tied closely to periods of volcanic activity in 
volcanic rift zones. 


2.6.3.1 Geologic Conditions of ISF Site 


See Section 2.6.1.3.2, Stratigraphy and Areal Geology - ISF Site. 


2.6.3.2 Evidence of Fault Offset 


No evidence for fault offset at or near the surface exists in the immediate vicinity of the ISF site or 
INTEC. Several lineaments are visible on aerial photographs and Landsat images. These lineaments are 
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mostly northeast-trending alignments of contrasting density and distribution of vegetation whose origin is 
most likely due to aeolian modifications of old range-fire scars. 


A dense array of borings in the INTEC area adjacent to the ISF site, and several excavations to bedrock, 
have revealed no evidence of surface ruptures or displacements in the near-surface basalt lava flows. 
Geologic cross sections based on lithologic and geophysical logs of many of these holes show no 
evidence of near-surface faulting. 


Lithologic relationships in numerous borings and wells in the INTEC area show no evidence for folding 
or faulting in the subsurface. Although some basalt lava flows are present in parts of the area and absent 
in others, it has been demonstrated that they have not been structurally disrupted. Their discontinuous 
distribution is due to pinching out of lava that flowed into the Big Lost River valley from vents to the 
southeast and southwest. 


2.6.3.3 Earthquakes Associated with Capable Faults 


No capable faults have been identified in the INTEC area, and no significant earthquakes have been 
recorded or reported in the area. Several microearthquakes have been recorded in the INL area since 
1972, but they were not felt and they do not define or correlate with faults. 


2.6.3.4 Investigation of Capable Faults 


See Section 2.6.2.2.2, Identification and Description of Earthquake Sources: Faults. 


2.6.3.5 Correlation of Epicenters with Capable Faults 


The only earthquake epicenters in the INTEC area are microearthquakes. They are not correlated with, 
nor do they define, capable faults. There are no capable faults in the INTEC area. 


2.6.3.6 Description of Capable Faults 


There are no capable faults within 8 kilometers (5 miles) of the ISF site. However, at a distance of 
9 kilometers (6 miles), just northwest of the Naval Reactor Facility, is an east-trending, 2-kilometer 
(1.2-miles) long fissure that has a section about 335 meters (1100 feet) long with vertical displacement of 
about 2 meters (7 feet) (Ref. 2-108). A little over 2 kilometers (1 mile) northwest of this fissure is a 
shorter northwest-trending fissure (Figure 2.6-60). Although these fissures are outside the 8-kilometer 
(5-mile) radius stipulated by regulation, the small amount of existing information relating to their origin 
and age is presented here. 


These appear to be dike-induced fissures like those in the Eastern Snake River Plain volcanic rift zones, 
but they occur outside of well-defined volcanic rift zones. The east trend of the southernmost fissure is 
not consistent with the trend of fissures that would form under the present northeast directed extensional 
stress field. They occur within the postulated Howe-East Butte volcanic rift zone, the most poorly defined 
volcanic rift zone on the Eastern Snake River Plain. It has the lowest vent density, and, if the fissures 
northwest of Naval Reactor Facility are part of it, only two fissures. The lava fields within the postulated 
volcanic rift zone are 300,000 to 600,000 years old (Ref. 2-42). 
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The age of the fissures can be constrained only within broad limits. They cut rocks that are 400,000 to 
730,000 years old (Ref. 2-48), so they must be younger than that. They are covered in places by recent 
(younger than 5000 years) alluvial sediments (Ref. 2-49), so they must be older than that. Although some 
untried methods could be applied to try to further constrain their age, the chances of success are small. 


Information available from geologic mapping of the fissures northwest of Naval Reactor Facility and 
from mapping of volcanic rift zones elsewhere on the Eastern Snake River Plain suggests that the Naval 
Reactor Facility fissures do not pose a surface-faulting threat to the ISF site. The evidence is: 


• The fissures possess many of the characteristics of volcanic rift zone fissures (dike-induced 
fissures), i.e., mostly dilational displacement, local zones of minor vertical displacement, west to 
northwest trend, magnitude of dilation and minor vertical offset consistent with injection of a 
single dike. They do not appear to be tectonic faults. 


• Because the age of basalt lavas and four volcanic vents in the area (Ref. 2-48) are between 
400,000 and 700,000 years old, it is likely, but not proven, that the fissures are close to that age 
also. This is because the fissures require dike intrusion for their formation and the most likely 
time for dike intrusion to have happened was during or soon after the development of the volcanic 
vents in the area. 


• No recognized tectonic faults occur near the fissures. 


• The section of the southernmost fissure with vertical displacement is so short (approximately 
1100 feet [355 kilometers]) that any prehistoric seismicity associated with its formation would 
have been low magnitude. 


2.6.3.7 Zone Requiring Detailed Faulting Studies 


No recorded earthquakes or structures are present within 5 miles (8 kilometers) of the ISF site. Also, the 
fissures north of Naval Reactor Facility are more than 5 miles (8 kilometers) from the ISF site. Therefore, 
there is no zone requiring detailed faulting studies. 


2.6.3.8 Results of Faulting Investigations 


No detailed faulting investigations are necessary within the 8-kilometer (5-mile) radius and none have 
been done for the fissures northwest of Naval Reactor Facility. 


2.6.4 Stability of Subsurface Materials and Foundations 


2.6.4.1 Geologic Features 


2.6.4.1.1 Surface or Subsurface Subsidence 


Due to the nature of geologic materials and the processes of their formation, several conditions can 
contribute to subsidence. As summarized below, none of these conditions exist at the ISF site. 


Lava Tubes 


Lava tubes are linear open cavities that allow lava to flow from its source vent. Their observed 
dimensions in basalts of the Eastern Snake River Plain range up to several tens of kilometers in length 
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and 10 meters (32 feet) in diameter. No lava tubes are recognized in the lava flows at or near the ISF site, 
and the dense pattern of borings in the INTEC area has revealed none in the subsurface. The potential for 
subsidence due to lava tubes at the ISF site is extremely low. 


Interflow Rubble Zones 


In some areas of the Eastern Snake River Plain and the INL, interflow rubble zones with large void 
volumes have been observed in outcrops and in borings. However, none have been revealed in the drilling 
in the INTEC area. 


Fine-Grained Sediments 


Surficial sediments at the ISF site are alluvial deposits of the Big Lost River and consist mostly of sandy 
gravels and gravelly sands. Their thickness ranges from 8 to 10 meters (25 to 30 feet), and they are 
underlain by basalt bedrock. Under the adjacent INTEC, some boreholes identified a 1- to 2-meter (3-foot 
to 7-foot) thick clay layer just above the basalt bedrock however, this clay layer is not present on the ISF 
site. Several sediment interbeds ranging from 1 to 6 meters (3 to 20 feet) thick occur within the basalt 
bedrock between some of the lava flows. These interbeds occur at depths of about 30 meters (100 feet), 
46 meters (150 feet), 61 meters (200 feet), 84 meters (275 feet), 122 meters (400 feet), 177 meters 
(580 feet), and 216 meters (710 feet) (Ref. 2-191). The interbeds are composed mostly of fine-grained 
silty sands with some clay lenses. Due to infiltration of water from settling ponds, sewage lagoons, and 
pipe leaks from the INTEC, some of the interbeds are saturated with perched water bodies. The surficial 
sediments are not saturated except in the area directly beneath the settling ponds at the south end of the 
INTEC, over 305 meters (1000 feet) from the ISF site. The surficial sediments are not saturated, except in 
the area directly beneath the settling ponds at the south end of the INTEC, over 305 meters (1000 feet) 
from the ISF site. 


2.6.4.1.2 Previous Loading History 


Rocks at the surface of the Eastern Snake River Plain have no previous loading history. The slow 
subsidence of the Eastern Snake River Plain basin during the past 4 million years has resulted in the 
continuous accumulation of the basalts and sediments of the Snake River Group. Rocks and sediments at 
the surface have never been subjected to lithostatic or tectonic loading. 


2.6.4.1.3 Rock Jointing and Weathering Patterns, Weak Materials 


Previous geotechnical studies provided information on two types of discontinuity that exist in the rocks 
beneath the INTEC area, adjacent to the ISF site. The first is discontinuity between lava flows, a result of 
the emplacement process of the lava flows. The zones between lava flows typically are characterized by a 
layer of rubble or breccia (Figure 2.6-8), composed of blocks of basalt that broke from the advancing 
front of the overlying lava flow and formed a layer of broken blocks over which the flow advanced. These 
interflow rubble zones range up to a meter thick and commonly possess a great amount of void space 
between blocks. After burial, that void space can remain open and contribute to groundwater flow in the 
aquifer, or it can become filled with silty sediments and become a barrier to water flow. In addition to 
basal rubble zones, development of fissures in the upper part of lava flows is common during 
emplacement. This development is caused by bending and tilting of solidified crust (sometimes several 
meters thick) during flow of still-molten lava beneath. Fissures developed by this process can be up to 
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2 meters (7 feet) wide and 3 to 5 meters (10 to 16 feet) deep. They form complex, irregular patterns on the 
lava flow surface and often are crudely parallel to the edge of the flow. They are occasionally filled by 
surficial sediments before burial by younger lava flows. 


The second type of structural discontinuity in lava flows is related to cooling and contraction of the lava 
flow after solidification. This process produces columnar jointing in the lava flow, with columns 
polygonal in cross section and perpendicular to the lava flow surfaces (Figure 2.6-8). The cooling process 
also causes development of platy joints parallel to and near the upper and lower surfaces of the lava flow. 
These two sets of joints cause the basalt to break into columnar blocks and irregular plates when it is 
weathered and eroded or when it is broken by excavation or mining. 


Fine-grained sedimentary interbeds between lava flows can cause structural weakness in some areas, but 
at the INTEC, adjacent to the ISF site, the first interbed occurs at a depth over 30 meters (98 feet) and 
would not affect foundation integrity. Surficial sediments, being composed of gravels and coarse sands, 
are not prone to structural weakness. 


2.6.4.1.4 Unrelieved Residual Stresses 


Geologic units at and near the surface at the ISF site, and throughout the Eastern Snake River Plain, have 
never been buried to greater depths than they are at present, and thus they have not acquired residual 
stresses from great lithostatic or tectonic loads. The stresses generated during cooling and contraction of 
the basalt lavas were relieved by development of the columnar jointing and platy fracture patterns. 


2.6.4.2 Properties of Underlying Materials 


The following properties of underlying materials are contained in the Idaho Spent Fuel Project 
Geotechnical Engineering Report (Ref. 2.51), where applicable. 


Grain-size classification is a reflection of the material makeup of the subsurface materials. Observations 
of the solids in the borings and test pits at the central ISF site reflect conditions of about 2 to 5 feet (0.6 to 
1.5 meters) of dense sandy gravel, overlaying about 25 feet (7.6 meters) of very dense sand and gravel. 
Basalt bedrock was encountered between 25 and 30 feet (7.6 and 9.1 meters) below ground surface (see 
Figure 2.6-14 through Figure 2.6-21). 


Atterberg limits relate to the plasticity characteristics of the clays and other cohesive sediments of the 
soil. Atterberg limits cannot be effectively determined on sediments with low cohesive properties, like 
those at the ISF site. 


Moisture content is the weight of water per unit weight of solids. Because the moisture content of 
gravels and sands from the ISF site area is so low, generally less than 10 percent, reflecting the 
unsaturated condition of the soils, there is little potential for either liquefaction or for consolidation. 


Unit weight is the weight of solids per cubic foot of soil. The design value for the ISF site soil was taken 
as 135 pounds per cubic foot, based on laboratory results. 


Shear modulus (G) is the ratio of shear stress to shear strain. Shear modulus values for the ISF site are 
reflected in Table 2.6-11. 
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Poisson’s Ratio is the ratio of transverse to axial strain. Value was calculated to be 0.33 for the soils on 
the ISF site, based on the average value of shear and compression waves. Most sands worldwide have 
values from 0.3 to 0.35, so the alluvial soils on the ISF site are fairly typical. 


Damping is a measure of the vibration energy-absorbing characteristic of the soil. The damping values 
for the ISF site are reflected on Table 2.6-11. 


Consolidation characteristics consist of the coefficient of consolidation (Cv), and the compression index 
(Cc). For non-cohesive, granular soils (as those at the ISF site) the transfer of load to the soil framework 
is immediate and there is little time dependent behavior. 


Seismic wave velocities are the velocities at which seismic waves travel through material. The seismic 
compression wave (Vp) is the velocity at which a seismic compression wave travels through the material, 
often referred to as primary-wave velocity. Shear velocity (Vs) is the velocity at which a seismic shear 
wave travels through the material, often referred to as secondary-wave velocity. The seismic wave 
velocities for the ISF site are reflected on Table 2.6-11. 


Density is a measure of the site soil density with respect to the possible range of densities for that 
particular soil type. The relative densities reported for soils in the INTEC area are mostly in the range of 
40 to 100 percent, corresponding to dense to very dense sands, and thus have a low potential for further 
compaction or liquefaction. 


Porosity is the fraction or percentage of bulk volume not occupied by solids (i.e., the fraction or 
percentage of bulk volume occupied by voids or pores). Porosity reported for INTEC area soils are in a 
range of 30 to 40 percent and are slightly lower than porosity for most graded gravels and sands 
composed of rounded grains (36 to 46 percent). 


Strength characteristics (shear strength) are parameters that describe the resistance to shear. They are 
cohesion or interparticle attraction (C), and the angle of internal friction or the resistance to interparticle 
slip (φ).The C values for the sandy gravel soil are considered to be zero, indicating a cohesionless soil. 
The angle of internal friction for ISF site sandy gravels ranges from 35 to 46 degrees. This indicates a 
relatively high resistance to interparticle slip. 


2.6.4.3 Plot Plan 


Figure 2.6-13 details the location of borings and graphic profiles with the locations of ISF Facility 
structures. 


2.6.4.4 Soil and Rock Characteristics 


Table 2.6-11 and Table 2.6-12 detail the static and dynamic engineering properties of materials 
underlying INTEC and the ISF site. 


2.6.4.5 Excavations and Backfill 


The excavations at the ISF site will be for the installation of site utilities and foundation excavations. 
Native soils are suitable for use as backfill material when properly compacted. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 2.6-44 


 


  


2.6.4.6 Groundwater Conditions 


The construction and operation of the ISF Facility will not affect groundwater, and the groundwater will 
not affect the ISF Facility, as detailed in Section 2.5. 


2.6.4.7 Response of Soil and Rock to Dynamic Loading 


Table 2.6-11 provides analysis of the ISF site soil and rock in response to dynamic loading. 


2.6.4.8 Liquefaction Potential 


Liquefaction is a process in which seismic shear waves cause an increase in the pore water pressure in 
noncohesive soil strata. This increase of pore pressure in noncohesive soil strata reduces effective stress 
confining the soil. The reduction in effective confining stress reduces the shear modulus of the soil, which 
results in increased soil deformation. 


The alluvial deposits above the basalt at the ISF site are mostly sand and gravel with an average gravel 
content of about 44 percent. Because this material is coarse and far above the water table, liquefaction is 
not a concern at the ISF site (Ref. 2-51). 


2.6.4.9 Earthquake Design Basis 


See Section 2.6.2, Vibratory Ground Motions. 


2.6.4.10 Static Analysis 


Static analysis of foundations is performed as part of the facility structural design, to ensure stability of 
the foundations against overturning, sliding, and excess bearing pressures. 


2.6.4.11 Techniques to Improve Subsurface Conditions 


No improvements in subsurface conditions are necessary. 


2.6.5 Slope Stability 


Slopes in the ISF site area are small (Figure 2.6-13), a few feet per mile at most, and pose no threat for 
instability or landsliding. 


2.6.5.1 Slope Characteristics 


There are no slopes, natural or engineered, on the ISF site. 


2.6.5.2 Design Criteria and Analyses 


Design criteria and analyses for slope stability are not applicable to the ISF site. 


2.6.5.3 Logs of Core Borings 


No borrow areas are anticipated. 
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2.6.5.4 Compaction Specifications 


Site construction specification will require that the facility footprint and pavement areas be cleared of any 
vegetation and debris. Fill required to bring the site to grade or to backfill excavations, will be placed in 
loose lifts not to exceed 12 inches (34 centimeters). Each lift will be moisture conditioned to near 
optimum moisture content prior to compaction. Fill will be compacted as determined by ASTM D 1557.  


2.6.6 Volcanism 


2.6.6.1 Introduction 


Basaltic and rhyolitic volcanism has affected the Eastern Snake River Plain since 10 million years ago, 
and has continued into recent geological time. No historical eruptions have occurred on the Eastern Snake 
River Plain, but as recently as 2100 years ago, lava flows issued from the Great Rift, about 25 kilometers 
(15 miles) southwest of the INL. Other Holocene epoch basaltic lava fields near the southern INL 
boundary range from about 5000 and 13,000 years in age (Ref. 2-159). Many basaltic vents and three 
rhyolitic vents within the present INL boundary erupted between about 200,000 and 1.2 million years ago 
(Ref. 2-48). For these reasons, an assessment of volcanic hazards at the ISF site is warranted, and such an 
evaluation is based on the record of past volcanism in the region. 


This section summarizes information on the timing, distribution, and eruptive character of volcanism that 
could affect the ISF site. Potential volcanic hazards are grouped into two categories: 1) those related to 
volcanic sources within the INL area, and 2) those related to distant sources outside the Eastern Snake 
River Plain. For near-field volcanism, the volcanic history of the Eastern Snake River Plain and the INL 
area (Figure 2.6-5, Figure 2.6-6 and Figure 2.6-9) dictates that three varieties of volcanism be evaluated: 


• the formation of future silicic calderas and associate eruptions of voluminous ash and pumice, as 
occurred in the INL area between about 6.5 and 4.3 million years ago, during passage of the 
Yellowstone mantle plume (Ref. 2-30) (Figure 2.6-5) 


• the growth of new silicic lava domes near INL, as occurred at Big Southern Butte (0.3 million 
years ago), East Butte (0.6 million years ago) and elsewhere along the axial volcanic zone near 
the southern portion of the INL (Figure 2.6-9) (Ref. 2-48) 


• phenomena related to Quaternary Eastern Snake River Plain basaltic volcanism, largely involving 
the effusion of lava flows and magma-induced ground fissuring across the INL area 
(Figure 2.6-6) 


Potential impacts from distant volcanic sources include: 1) pyroclastic flows or tephra fall from 
explosive-silicic eruptions of the Yellowstone plateau, 100 to 200 kilometers (62 to 124 miles) northeast 
of the INL; and 2) tephra fall from the Cascade volcanoes and other explosive volcanic centers in the 
western United States. 


2.6.6.2 Potential Volcanic Hazards of the INL/ISF Site 


The nature and timing of volcanism is reconstructed from interpretation of Eastern Snake River Plain 
volcanic deposits, and from the results of potassium-argon dating of volcanic rocks. Observations of 
historical volcanic phenomena are also useful toward understanding prehistoric INL volcanism, 
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particularly the volcanic rift zone eruptions of Iceland and Hawaii, and the growth of silicic lava domes at 
volcanic centers along the Pacific Rim. 


2.6.6.2.1 Formation of Eastern Snake River Plain Silicic Calderas and Related 
Volcanism 


Explosive, voluminous eruptions of silicic pumice and ash and associated caldera collapse occurred on 
the Eastern Snake River Plain during passage of the Yellowstone Hotspot between about 6.5 and 4.3 
million years ago (Refs. 2-30 and 2-29) (Figure 2.6-5). Tephra-fall and pyroclastic-flow deposits from 
these eruptions, known as the Heise volcanism, were dispersed over tens of thousands of square 
kilometers in southern Idaho and adjoining states. 


The risk of explosive silicic volcanism and caldera formation in the INL area and at the ISF site is 
negligible for the following reasons. 


• The mantle plume (Yellowstone Hotspot) - the apparent energy source of voluminous, caldera-
forming, silicic volcanism on the Eastern Snake River Plain - has now moved under the 
Yellowstone Plateau, 100 to 200 kilometers (62 to 124 miles) northeast of the INL, and accounts 
for the Quaternary period silicic volcanism and ongoing hydrothermal activity of that area 
(Refs. 2-29 and 2-30). 


• Thermal modeling and geophysical studies of the Eastern Snake River Plain crustal structure 
(Ref. 2-77) show that the silicic magma chambers inferred to have existed in the shallow crust of 
the Eastern Snake River Plain during the late Tertiary period are now entirely solidified and are 
therefore incapable of erupting. 


• The recurrence intervals (quiescent periods) between major caldera eruptions on the Eastern 
Snake River Plain and the Yellowstone Plateau lasted 0.5 to 1.7 million years. Therefore, 2.5 to 8 
recurrence intervals (it has been 4.3 million years since the last such Eastern Snake River Plain 
eruption) have elapsed in the INL area. This suggests that caldera-related silicic volcanism has 
ceased. 


• The time-transgressive pattern of the Eastern Snake River Plain-Yellowstone silicic volcanism 
suggests that explosive silicic volcanism expires after basaltic lava flows have filled the calderas. 
On the Eastern Snake River Plain, the late-Tertiary silicic calderas are buried by up to several 
kilometers of late-Tertiary to Quaternary basalt and sediment. 


• Geothermal, geophysical, and geodetic anomalies indicate the presence of large shallow silicic 
magma chambers at such places as Yellowstone National Park and Long Valley, California. The 
anomalies include extremely high heat flow, low seismic velocities at shallow crustal levels, 
abundant hot spring and geyser activity, persistent swarms of seismic activity, and rapid rise and 
fall of land surface elevations (Refs. 2-31, 2-32, 2-78, 2-79, and 2-80). None of these phenomena 
occur beneath the Eastern Snake River Plain. 


2.6.6.2.2 Growth of Rhyolitic Domes, Intrusions, and Related Phenomena 


Volcanic domes are steep-sided mounds of lava, commonly of silicic (rhyolitic) composition. The magma 
is too viscous to flow more than a few kilometers from the vent. The growth of domes is predominantly 
an effusive process, and blocks of the surrounding terrain can be uplifted and tilted as the viscous magma 
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approaches the surface (Ref. 2-192). Growing domes are steep sided, unstable, and therefore prone to 
slope failure. In addition, dome lavas commonly contain sufficient dissolved gas to generate small 
explosions. As a result, small-volume tephra-fall deposits and blocky pyroclastic flows are frequently 
associated with dome growth. 


During the past 1.2 million years several small rhyolite domes were emplaced in the INL area along the 
axial volcanic zone (Figure 2.6-9): Big Southern Butte (0.3 million years ago), Cedar Butte (0.4 million 
years ago), East Butte (0.6 million years ago), Middle Butte (inferred as uplifted by a shallow silicic 
intrusion; uplifted basalt dated at 1.1 million years), and an unnamed butte (1.2 million years) 
(Refs. 2-192 and 2-193). The estimated recurrence interval for the Eastern Snake River Plain silicic-dome 
effusion in the INL area is 200,000 years (5 x 10-6 per year), based on these 5 domes, emplaced within a 
one-million-year period (1.2 million years ago to 0.3 million years ago). 


The Quaternary rhyolitic domes postdate the earlier caldera-related silicic volcanism by about 3 million 
years, and they are compositionally dissimilar to the caldera rhyolites, suggesting a distinct phenomenon. 
Although tephra falls and small-volume pyroclastic flows are commonly associated with silicic-dome 
growth, no such deposits have been identified in the INL area, probably because they have been covered 
by younger basaltic lava and sediment. Several centimeters of tephra could accumulate 10 kilometers (6 
miles) or more downwind of growing volcanic domes. Given the flat terrain of the Eastern Snake River 
Plain, the major effects of dome effusion, intrusion and uplift, pyroclastic volcanism and corrosive gases 
would likely be restricted to within about 5 kilometers (3 miles) of a growing volcanic dome. Any fumes 
and tephra associated with dome growth along the axial volcanic zone would probably be carried 
northeastward along the southern INL boundary, and eventually off site, by prevailing southwesterly 
winds. 


Based on the apparent 200,000 year recurrence interval (5 x 10-6 per year) and the likely restriction of 
hazardous phenomena to near-vent areas, the probability of a silicic dome affecting the central and 
northern portion of the INL (including the ISF site) is judged to be small (less than 10-6 per year). The 
most likely area of future silicic-dome emplacement is along the axial volcanic zone; hence, the 
probabilistic risk of impact on southern-INL facilities would be somewhat higher, but still less than 10-6 
per year. 


2.6.6.2.3 Basaltic Volcanism and Related Phenomena 


With the exception of localized and infrequent silicic dome volcanism (Figure 2.6-9), Quaternary 
volcanism of the INL area has been predominantly basaltic. Potassium-argon dating of lava flows 
demonstrates that basaltic vents on the INL range in age from more than 1 million years on the northern 
portion of the INL, to about 0.2 million years on the southern portion of the INL near the axial volcanic 
zone (Ref. 2-48). Although their vents are not situated on the INL, four Holocene epoch basalt lava fields 
erupted along the axial volcanic zone between about 13,000 and 5000 years ago. In one case, the 13,400 
years old Cerro Grande lava field crossed what is now the southern INL boundary. Quaternary period 
basaltic volcanism on the Eastern Snake River Plain has involved mostly mild, effusive outpourings of 
fluid lava flows from eruptive fissures and small, low-lying shield volcanoes (Ref. 2-192). 
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Volcanic Rift Zones 


Basaltic vents are not randomly disseminated across the INL area, but tend to concentrate in northwest-
trending, linear belts known as volcanic rift zones (Figure 2.6-60) (Ref. 2-42). These belts are marked by 
basaltic vents as well as open fissures, monoclines and small normal faults–structures produced during 
propagation of vertical dikes that fed the surface eruptions (Figure 2.6-61). Eastern Snake River Plain 
volcanic rift zones are inferred to be underlain by basaltic-dike swarms, based on their surface-
deformation features and their equivocal correspondence with positive aeromagnetic and gravity 
anomalies (Ref. 2-194). Eastern Snake River Plain volcanic rift zones are polygenetic features, i.e., were 
apparently active through numerous cycles of volcanism. The Great Rift (Figure 2.6-6) has well-
developed volcanic landforms and surface-deformation features that formed during eight cycles of 
Holocene volcanism (Ref. 2-195). 


The Arco volcanic rift zone is more diffuse and diachronous, with fissures and vents dispersed across an 
8-kilometer (5-mile) wide belt (Figure 2.6-6 and Figure 2.6-62), formed by multiple cycles of volcanism 
between 600,000 to 10,000 years ago. The Lava Ridge-Hells Half Acre volcanic rift zone is strongly 
diachronous; its northern portion is occupied by lavas greater than 1 million years old, and its southern 
terminus is marked by the 5200-year-old Hells Half Acre lava field and dike-induced fissures 
(Figure 2.6-6 and Figure 2.6-62). Its central region is poorly developed, and is marked by a single 
monocline that was likely induced by dike intrusion (Figure 2.6-62). The Howe-East Butte volcanic rift 
zone is poorly expressed surficially, and is largely covered by fluvial and lacustrine sediment on the 
central portion of the INL; five vents and several isolated fissures are associated with a positive, 
northwest-trending aeromagnetic anomaly (Ref. 2-161). 


Axial Volcanic Zone 


The most voluminous and recent volcanism in the INL area occurred during the past 1.2 million years 
along the axial volcanic zone, a broad, northeast-trending constructional-volcanic highland consisting of 
coalesced basaltic-shield volcanoes, tephra cones, and isolated silicic domes. The axial volcanic zone 
forms a topographic divide along the Eastern Snake River Plain axis. It differs from volcanic rift zones 
because northwest-trending fissure swarms that typify volcanic rift zones are rare, and its overall 
topographic orientation is perpendicular to the regional stress field. Basaltic dike intrusion processes 
along the axial volcanic zone are probably similar to those of volcanic rift zones, but increased magma 
supply along the Eastern Snake River Plain axis and the predominance of large shield volcanoes has 
apparently covered most of the dike-induced surface deformation along the axial volcanic zone. 


Volcanic Hazards at the ISF Site 


Table 2.6-13 lists hazards associated with the Eastern Snake River Plain basaltic volcanism, based on 
interpretation of the Eastern Snake River Plain eruption products and analogy with historical observations 
of rift-zone volcanism in Hawaii and Iceland. The most significant hazard is lava flows inundating or 
burning facilities. Such flows vary greatly in volume and may cover a few square kilometers to 400 
square kilometers (154 square miles) or more (Ref. 2-42). On gentle terrain such as the Eastern Snake 
River Plain, lava flows would generally move downslope at a few meters per minute. Large lava flows on 
the Eastern Snake River Plain seldom exceed 30 kilometers (19 miles) in length, and most are less than 
12 kilometers (7 miles) long. 
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Borehole investigations and outcrop studies indicate that most Eastern Snake River Plain basaltic lava 
flows are less than 10 meters (33 feet) thick, and taper to several meters in thickness at flow edges. They 
are therefore unlikely to surmount major topographic or manmade obstacles. The general topography and 
vent locations of the INL area (Figure 2.3-4 and Figure 2.6-62) suggest that future lavas will most likely 
erupt from vents along the axial volcanic zone or at the intersections of that zone with the volcanic rift 
zones, from which they could flow toward the central portion of the INL and the ISF site. 


2.6.6.2.4 Volcanic Recurrence and Probabilistic Risk for the ISF Site 


Table 2.6-10 gives estimated volcanic recurrence intervals for INL volcanic zones and boring sites, 
estimated by summing individual vents and fissures in the respective volcanic zones, and dividing that 
sum by the total time period of volcanism within each zone. This approach gives minimum-recurrence 
estimates and is conservative, because it is assumed that every vent or fissure (or set of fissures, when 
they could be confidently grouped as cogenetic) represents a single eruptive episode. It is more likely that 
each eruptive episode involved eruptions from several vents and the opening of multiple fissures, based 
on the record of Holocene epoch volcanism and on analysis of the generation, rise, and storage of Eastern 
Snake River Plain magma (Ref. 2-193). 


In general, Table 2.6-10, Figure 2.6-62 suggest that the shortest recurrence intervals (16,000 to 
17,000 years), the most recent volcanism (Holocene lava fields), and hence the most probable areas of 
future basaltic volcanism and ground deformation, are the axial volcanic zone and the Arco volcanic rift 
zone. In this context, the INL Volcanism Working Group estimated the conditional probability of basaltic 
volcanism to affect a south-central portion of the INL as less than 10-5 per year. 


For the ISF site, the probability of inundation can be more closely estimated by employing the parameters 
contributing to the probability. The parameters that are important to the estimation of probability include: 


• volcanic recurrence interval of the source zone or zones 


• topographic setting of the site and the potential sources 


• lengths and areas of lava flows 


• distance from the site to potential sources of lava 


• potential for mitigation of the lava flow hazard 


The three cases below illustrate the estimation of inundation probability. 


Volcanic Source Zone 


Case 1 – Probability of 
eruption at a random site 


within the source zone 


Case 2 – Probability of 
inundation at a random site 


within the source zone 
Case 3 – Probability of 
Inundation at ISF site 


Combined axial volcanic zone 
and Arco volcanic rift zone 6 x 10-5/yr 2.6 x 10-6/yr 5.2 x 10-6/yr without mitigation 


10-6 to 10-7/yr with mitigation 


Case 1 illustrates the probability of an eruption anywhere within the volcanic source zone. It is based on 
the number of vents and fissure sets within the Arco volcanic rift zone and the axial volcanic zone and the 
age range of volcanism for those zones. It is simply the “source term,” or “recurrence term” for a zone or 
region, and contains no information about the magnitude of the event. It is derived by dividing the 
number of vent/fissure sets into the age range of volcanism, as illustrated in Table 2.6-10. It is the highest 
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probability of the three cases because it allows for the volcanism to occur anywhere within the combined 
area of the two zones and makes no prediction for any particular spot. Therefore, it is not applicable to 
any specific site. 


Case 2 illustrates the probability of inundation of a random site within the volcanic source zone. This case 
goes beyond Case 1 by incorporating a “magnitude” term, and making some assessment of the likelihood 
that some site will be affected. The assessment of likelihood is achieved by taking into account the area of 
coverage of the average lava flow in relation to the total area of the source zone. Because it selects no 
specific spot, it ignores the effects of topography, the distance from potential sources and the potential for 
mitigation. It is estimated by simply multiplying the result of Case 1 (6 x 10-5 per year) by the ratio of 
average area covered by a typical the Eastern Snake River Plain lava flow to the total area of the volcanic 
source zone. The result (2.6 x 10-6 per year) is analogous to the estimation made by the INL Volcanism 
Working Group, and is in fact less than 10-5 per year, as the group predicted. 


Case 3 is the probability of inundation at the ISF site. This assessment goes beyond Case 2 because it 
deals with a specific site. Therefore, the topographic setting, the statistics of lava flow length, and the 
potential for mitigation can be brought to bear on the problem. The ISF site lies outside the volcanic 
source zone, and its topographic setting in the Big Lost River valley defines the specific part of the 
volcanic source zone that can send lava flows on a path towards the site. This volcanic source zone is 
called the “critical volcanic source area.” It is defined on the south, southeast, and southwest by the 
topographic divide that separates the Big Lost River drainage basin from that of the Snake River. Lavas 
that erupt south of that divide will flow south, away from the ISF site, and are of no concern for lava 
inundation at the site. It is defined on the north by the northern edge of the volcanic source zone. Lavas 
originating from the axial volcanic zone northeast of East Butte will not flow toward the ISF site. 


The critical volcanic source area encompasses 660 square kilometers (254 square miles) of the total 
2270 square kilometers (876 square miles) of the combined Arco volcanic rift zone and the axial volcanic 
zone. In addition, the ISF site is over 10 kilometers (6 miles) (50th percentile lava flow length) from the 
closest approach of the critical volcanic source area (Figure 2.6-62) and most of the source area is farther 
than 16 kilometers (9 miles) from the site. Using the 70th percentile distance of 16 kilometers (9 miles), 
only 30 percent of flows from that distance will reach the site; therefore, the annual probability of 
inundation is 5.2 x 10-6. This is obtained by multiplying the Case 1 probability (6 x 10-5 per year) by the 
percentage of the total area of the source zone encompassed by the critical volcanic source area 
(29 percent) and by the percentage of lava flows from the critical volcanic source area that will reach the 
site (30 percent). This estimated annual probability of inundation at the site (5.2 x 10-6) is conservative for 
several reasons, as described below. 


• The critical volcanic source area is farther from the site than the 70th percentile distance (some of 
it is twice that distance); therefore, much smaller percentages of lava flows will reach the site 
from those distances. 


• The probability of eruption within the volcanic source zone is conservative because the vents are 
double-counted in the overlap zones of the volcanic rift zones with the axial volcanic zone. 
Removing this conservatism alone will reduce the annual probability of inundation at the site to 
3.8 x 10-6. 


• No allowance is made for mitigation. Although the effectiveness of mitigation is difficult to 
assess, it is likely that actions can be taken to mitigate the hazard. The INL seismic network can 
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detect seismicity associated with rising magma from the mantle, and has appropriate station 
spacing to accurately locate the most likely areas of eruption. Seismicity-detected ascent rates of 
basaltic magmas from source regions 40 to 60 kilometers (25 to 37 miles) deep beneath Kilauea 
and Mauna Loa volcanoes, Hawaii, show that several weeks to several months are required for 
magma to rise to upper crustal chambers beneath the volcano summits. Because the magma 
source beneath the Eastern Snake River Plain is 50 to 200 kilometers (31 to 124 miles) deep, the 
seismic network may provide similar warning time even though the tectonic setting of the Eastern 
Snake River Plain is different from Hawaii’s (Ref. 2-195). 


• Basaltic lava flows on the Eastern Snake River Plain have relatively low flow velocities because 
of low topographic gradients. Analogy to flow velocities in other similar terrains shows that 
velocities of about 2 kilometers (1 mile) per day are most likely, and thus it would take several 
days for lava from most of the critical volcanic source area to reach the ISF site. The warning 
time for ISF site personnel would likely be in the range of weeks to months. Given a month or 
more of warning, various mitigation actions could be taken and likely be successful. 


Potential mitigation actions include removal of the spent nuclear fuel canisters from the area, building of 
earthen berms around the facility, building of earthen berms in the flow path to slow or divert the 
advance, cooling of the lava flow front with water sprays to slow or divert the advance, and use of 
explosives at or near the vent area to divert lava flow. Some of these strategies have been used 
successfully in Iceland and in Italy, and are likely to be successful here. Even if mitigation were 
successful only half the time, the inundation probability would be further reduced to less than 2 x 10-6 per 
year; higher potential of success is more likely and would reduce the probabilities into the 10-6 to 10-7 
range. 


2.6.6.3 Potential Volcanic Hazards from Distant Sources 


The Volcanism Working Group studied locations and general characteristics of potentially hazardous 
volcanoes in the western United States. The selective analysis below supports the general conclusion that 
significant impacts to the INL from distant volcanic eruptions are highly improbable. 


2.6.6.3.1 Yellowstone Plateau 


Geologic and geophysical investigations indicate that the mantle plume that left its 15-million-year track 
across southern Idaho and formed the Snake River Plain now resides beneath the Yellowstone Plateau. 
This explains the crustal structure, high heat flow, geothermal features, and explosive silicic volcanism of 
that area. The Yellowstone Plateau volcanic field has produced more than 6 x 1012 cubic meters 
(7.8 x 1012 cubic yards) of silicic tephra, largely in the form of tephra-fall and pyroclastic-flow deposits, 
in 3 cycles of explosive, caldera-related volcanism during the past 2.1 million years ago (Ref. 2-32). Ash 
layers from Yellowstone have been identified in the Quaternary stratigraphic record across much of 
western North America. Eruptions of this magnitude are rare in the worldwide geologic record. The three 
climactic Yellowstone eruptions occurred 2.1 million years ago, 1.3 million years ago, and 0.6 million 
years ago, for an average recurrence interval of 700,000 years (Ref. 2-79). 


Hazards at the ISF site from potential Yellowstone eruptions include blanketing by pyroclastic flows or 
volcanic ash. The facility lies about 160 kilometers (99 miles) from the Yellowstone caldera rim and more 
than 200 kilometers (124 miles) from the Hot Springs Basin area of northeastern Yellowstone, a likely 
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site of future eruptions. Large-volume pyroclastic flows from Yellowstone, the Eastern Snake River Plain 
and elsewhere, traveling on relatively flat terrain, generally have a maximum runout distance of 100 to 
150 kilometers (62 to 93 miles). Hence, the likelihood of pyroclastic flows from even the largest 
Yellowstone eruptions reaching the INL is essentially nonexistent, because of the great distance and 
intervening topographic barriers. 


Although there is no direct relationship between ashfall thickness and damage parameters, the historical 
eruptions of Mt. St. Helens in Washington State demonstrate that the infrastructure of a technologically 
advanced nation can accommodate about 8 centimeters (3 inches) of ash without serious long-term 
consequences. Ash fall thickness from Yellowstone could exceed 8 centimeters (3 inches) if there were an 
eruption greater than 4.0 x 1010 cubic meters (5.2 x 1010 cubic yards), and if wind conditions dispersed the 
ash cloud directly over the INL. Such conditions are conceivable in light of past Yellowstone volcanism, 
but are highly improbable because prevailing winds would not likely direct ash toward the INL and 
because the recurrence intervals of such events are extremely long (0.5 to 1 million years). Less than 
5 centimeters (2 inches) of Yellowstone ash have been found on the Eastern Snake River Plain at INL-
equivalent distances. 


2.6.6.3.2 Cascade Volcanoes and Other Western United States Centers 


The Cascade volcanoes of northern California, Oregon, and Washington have produced many Quaternary 
period tephra layers, some of them widely dispersed across the western United States. These centers lie 
700 to 800 kilometers (435 to 497 miles) west of the INL, at distances and prevailing-wind directions that 
prevent all but the largest ashfall eruptions from impacting the INL area. The Mazama ash is a 
voluminous and widespread ash layer that erupted from what is now Crater Lake, Oregon, and is a 
product of the largest known Cascade eruption. In the INL area, the Mazama ash is 0.5 to 2 centimeters 
(0.2 to 0.8 inches) thick (Ref. 2-19). Theoretical considerations and field measurements indicate that less 
than 6 centimeters of Mazama ash would have fallen on the INL, if the dispersal axis of the cloud were 
directly overhead. This effectively eliminates the Cascade volcanoes as sources of significant ashfall at 
the INL. 


A similar conclusion is reached for other western United States volcanoes, such as the Long Valley 
caldera, which erupted about 600,000 years ago and produced the 6.0 x 1011 cubic meters (7.8 x 1011 
cubic yards) Bishop Tuff. Long Valley is more than 800 kilometers (496 miles) southwest of the INL. 
Significant ash fall could be expected only for improbable conditions and at extremely long recurrence 
intervals. 


2.6.6.3.3 Design Basis Ash Fall Events  


Design Basis Ash Fall Events from New Silicic Volcanoes within Tens of Kilometers of the Site 


Volcanic hazards for an area are predicted based on past eruptive histories of volcanic centers in the area, 
knowledge of geologic trends (spatial, compositional, temporal) associated with volcanism, and current 
monitoring. A basic assumption of modeling volcanic ash hazards is that large eruptions are less frequent 
than smaller eruptions. This assumption has been validated by the work of Mullineux (Ref. 2-197). 
Finally, wind direction will determine which areas receive the most ash from a given eruption. Winds are 
variable in terms of both speed and direction in the area surrounding INL, but dominantly come from the 
west or southwest (Ref. 2-6). 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 2.6-53 


 


  


The affects on structures from ash-fall include loading of structures and clogging of air filters in vehicles 
and buildings. Inhalation of ash by people can lead to breathing problems. Thick ash-fall can also 
decrease visibility outside of buildings. The design considerations related to ash are discussed separately 
(refer to 8.2.5.7.2) from the probability and types of ash-fall events. 


According to work done by the Volcanism Working Group (VWG) (Ref. 2-198), the Eastern Snake River 
Plain is “well into a phase of basaltic volcanism”. The implication of the discussion leading to this 
statement is that large silicic magma bodies within 100 km of the site that might have produced greater 
than 10 cm of ash-fall at INL have already crystallized to the point that eruption from these locations is 
unlikely. Large volume silicic volcanism in the region has apparently migrated to the Yellowstone 
plateau, as is discussed later. 


According to Hackett and Smith (Ref. 2-199) “The main style of Quaternary [East Snake River Plain] 
ESRP basaltic volcanism is Hawaiian, involving mild effusions of fluid, gas-poor, pahoehoe lava flows 
from fissures and small-shield volcanoes.” These types of eruptions are not associated with ash-fall in 
outlying areas. Further, they state that “a miniscule percentage of the INEL [now INL] area is occupied 
by silicic volcanic domes, and these features are located along the axis of the ESRP near the southern 
INEL boundary.”  


Figure 2.6-63 shows the location of the proposed site with respect to the tephra and volcanic gas hazard 
zone from volcanic centers within tens of kilometers of the site that are capable of small volume silicic 
and basaltic eruptions (the term “tephra” applies to any volcanic fragments ejected during an eruption, 
while ash is only those particles less than 2 mm in size). The hazard map is based on the assumption that 
new volcanoes would be most likely to erupt in areas that have shown recent evidence of eruption. The 
probability of an eruption in the hazard zone was stated as approximately 3 x 10-5 to 4 x 10-6 per year 
(Ref. 2-199). The delineation of this zone was based on geologic mapping and various techniques to date 
eruption products in the INL area (including paleomagnetic signatures, radiometric dating techniques, and 
geomorphology) as discussed in Refs. 2-42 and 2-48. The hazard zone includes the area within 1 km of 
vents which are younger than 400,000 years, and within 1 km of dike-induced fissures and faults. Hackett 
and Smith do not make a distinction between basaltic and silicic eruptions within this zone, except to say 
“a separate zone for silicic tephra and gases is not drawn along the axial volcanic zone, but is understood 
to exist within the basaltic-tephra hazard zone for that area.” (Figure 2.6-63).  


The ISF site is located approximately 10 km (6 mi.) outside of the hazard zone as shown in Figure 2.6-63. 
Hackett and Smith state “The growth of future silicic lava domes may occur along the axial volcanic zone 
[Figure 2.6-63], but the hazardous effects would largely be restricted to a several-kilometer radius. 
Historical observations of active silicic lava domes have shown that silicic domes commonly produce 
small-volume pyroclastic flows and tephra falls as a result of internal explosions and slope failure. 
However, no evidence of such deposits from silicic domes near the INEL has yet been identified through 
geologic mapping and borehole investigations.” They go on to state that “Tephra fall is not a significant 
hazard in the INEL area, and the mitigation of roof collapse or other effects is, therefore, unwarranted.” 
(Ref. 2-199) 


Based on the location of the ISF facility site 10 kilometers outside of the hazard zone and the rarity of 
silicic volcanism in the area, the probability of ash-fall affecting the ISF facility site would therefore be 
considerably less than the 4 x 10-6 per year for any tephra fall within the hazard zone. Because significant 
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ash-fall at INL would require favorable wind conditions and a large event, and because large events are 
less likely than smaller ones, the probability of a local silicic volcano producing an eruption large enough 
for ash-fall greater than 8 cm at the ISF facility is estimated to be on the order of 10-7 per year or less 


Design Basis Ash Fall Events from New Basaltic Volcanoes within Tens of Kilometers of the Site 


Volcanic hazards are a function of a complex set of variables, one of which is the gas content of the 
magma. Generally, basaltic magmas contain less dissolved gas than do more silicic magmas, and as a 
result are less frequently associated with explosive behavior and ash-fall than are more silicic (andesitic to 
rhyolitic) eruptions. However, basaltic eruptions typical of the volcanics within tens of kilometers of INL 
can eject tephra particles from ash to blocks up to several meters across. These large particles of tephra 
are likely to fall to the ground within three kilometers of the eruptive center, as is typical of Hawaiian-
style volcanoes (Ref. 2-200). 


Similar to silicic volcanism, new basaltic volcanism is most likely to occur in areas that have shown 
recent evidence of eruption. The probability of any type of eruption in the hazard zone of Hackett and 
Smith (Ref. 2-199), shown in Figure 2.6-63, was stated as approximately 3 x 10-5 to 4 x 10-6 per year. The 
ISF facility site is located approximately 10 km outside of the hazard zone boundary, making the 
probability of tephra from a basaltic eruption considerably less than 4 x 10-6 per year. Because larger 
particles are expected to fall out close to the eruptive center, and because the typical eruption style of 
basaltic volcanism near the site does not characteristically produce ash, tephra-fall in general and ash-fall 
in particular would not be expected at the ISF facility from a basaltic eruption. Therefore, the probability 
of a basaltic eruption within tens of kilometers of the proposed site producing any ash-fall at the ISF 
facility would be less than 10-7 per year. 


Design Basis Ash Fall Events from Silicic Volcanoes within 400 km [249 miles] of the Site 


According to VWG (Ref. 2-198), the only known active silicic volcanic center within 400 km of INL that 
has deposited measurable ash-fall in the Eastern Snake River Plain within the last 2 million years is 
Yellowstone, 160-200 km (99-124 mi.) away from the site. The location of large eruption centers 
associated with the Yellowstone hot spot are shown in Figure 2.6-5 along with their dates of eruption. Of 
these centers, only the Yellowstone Plateau is considered active (e.g., Ref. 2-199); therefore, only 
eruptions from the Yellowstone Plateau Volcanic Field are considered here. 


Thicknesses of air-fall ash deposits in the Eastern Snake River plain are presented in Table 2.6-14. Six of 
these layers may be attributable to Yellowstone: one may be from Long Valley caldera, and two deposits 
are listed as “unknown” origin. All reported compacted ash thicknesses from Yellowstone events are 2 cm 
or less. These represent minimum thicknesses for the actual ash-fall event. Original thicknesses could 
have been twice as thick (Ref. 2-200). The dominant wind direction makes INL upwind from 
Yellowstone, consequently only the largest Yellowstone eruptions would be expected to deposit 
measurable ash-fall at the ISF facility site under prevailing wind conditions.  


Based the data presented in Table 2.6-14 and Figure 2.6-64, within the last 2 million years at least four 
silicic eruptions that may be attributable to Yellowstone have left measurable ash-fall in the Eastern 
Snake River plain. A conservative recurrence interval for measurable ash from a silicic source within 
400 km of the site is therefore approximately 250,000 years, or a probability of 4 x 10-6 per year. This is a 
reasonable estimate based on the recurrence interval for climactic eruptions at Yellowstone (Ref. 2-201). 
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Since none of the ash beds listed in Table 2.6-14 would suggest 8 cm or more of ash-fall from a 
Yellowstone eruption in the past two million years, the likelihood of greater than 8 cm of ash-fall at the 
ISF facility site is estimated to be on the order of 10-7. 


Design Basis Ash Fall Events from Cascade Volcanoes 400-500 km [249-311 miles] from the Site 


Cascade volcanoes are possible sources of ash-fall at INL, despite their great distance from the site. The 
Cascade Range stretches from southern British Columbia into California and is located more than 650 km 
(390 mi.) from INL. Newberry volcano, the Cascade volcano closest to INL, is approximately 675 km 
(405 mi.) due west of the site. Prevailing winds along the range are generally from the west (e.g., 
Ref. 2-202), making INL downwind from the Cascades.  


As of 1998, ten active Cascade volcanic centers, from northern Washington to northern California, and 
Long Valley in Southern California, have been monitored by the US Geological Survey (USGS). The 
USGS maintains seismic networks and remote and on-ground mapping and monitoring efforts to 
understand the present and past volcanic behavior and hazards associated with the range. Information on 
current monitoring efforts and publications addressing Cascade volcanism and hazards can be found at the 
following website for the USGS Cascades Volcano Observatory: vulcan.wr.usgs.gov. Based on the level 
of current USGS efforts, and the experience of monitoring at Mt. St. Helens, any Cascade eruption 
capable of producing enough ash to deposit greater than 8 centimeters at the ISF facility should have 
advance warning on the order of months (Ref. 2-203).  


The eruptive behavior of Cascade volcanic centers ranges from lava flows that create virtually no ash, 
such as the Lava Butte eruption at Newberry volcano (Ref. 2-204), to violently explosive eruptions, like 
the Mount Mazama eruption described below, that distributed ash widely over the western United States 
(Ref. 2-205).  


The cataclysmic eruption of Mount Mazama was the largest eruptive episode in the Cascades. INL lies 
approximately 750 km (450 mi.) east of Crater Lake, the location of the Mount Mazama eruption. 
Approximately 7,700 years ago the Mount Mazama eruption pulverized the entire volcanic cone, and 
distributed approximately 50 km3 (10 mi3) of material as far east as Nebraska. The volume of the eruption 
was approximately ten times as much as in any other eruption in the Cascades during the past ten 
thousand years, and was the largest eruption in the Cascades chain in the last 400,000 years (Refs. 2-205 
and 2-206). The measured (compacted) thickness of Mazama ash near INL is 2-3 cm (Table 2.6-14). 
Compacted thicknesses may represent half the original ash-fall thickness (Ref. 2-200), suggesting that 
approximately 6 cm of ash may have fallen at INL from the Mazama eruption. Topinka (Ref. 2-207) 
presents a graph of measured ash bed thicknesses for four major Cascade eruptions (Figure 2.6-65). Based 
on the distribution of Mazama ash shown in this figure, if INL had been more directly in the path of the 
eruption plume it might have received as much as 8 cm of ash.  


Hoblitt (Ref. 2-202) modeled the annual probability of 1-10 cm of volcanic ash over the northwestern 
United States from Cascade eruptions as a function of which centers had historically produced ash, the 
frequency of eruptions of various sizes, and dominant wind directions for the Cascades. Based on this 
modeling, the probability of 1 cm of ash-fall in southeast Idaho is approximately 5 x 10-3 per year. The 
same model suggests that the probability for 10 cm of ash-fall from a Cascade volcano in southeast Idaho 
is approximately 10-6 per year. Correlating ash-fall thickness to probability, a Cascade eruption that could 
deposit 8 cm or more of ash at INL would also have a probability of approximately 10-6 per year. This is 
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consistent with one Cascade eruption depositing up to 6 cm of uncompacted ash in the Eastern Snake 
River Plain over the past 400,000 years.  


Table 2.6-15 provides a summary of the estimated probabilities of various ash-fall events that may 
potentially impact the ISF Project site. 


2.6.6.4 Conclusions 


Hazards associated with INL-area volcanism as well as distant volcanic sources are evaluated. The most 
significant hazards and risks to the ISF site are associated with basaltic volcanism and related phenomena 
from Eastern Snake River Plain vents. 


For volcanic areas such as the Eastern Snake River Plain, with no historical volcanism and an incomplete 
chronologic record of prehistoric volcanism, assessments of potential volcanic hazards and volcanic risk 
are based on interpretation of the long-term geologic records and on the documented effects of historical 
eruptions in analog regions such as Iceland and Hawaii. Volcanic hazards to the ISF site are related to 
future basaltic and rhyolitic eruptions along volcanic rift zones and the axial volcanic zone. The most 
significant volcanic hazard to the INL is the inundation or burning of facilities by basaltic lava flows from 
volcanic rift zones. A significant related hazard is disruption of facilities due to ground deformation 
accompanying magma intrusion along volcanic rift zones: opening of fissures, normal faulting, broad-
region tilting and uplift within several kilometers of vents. Other, less significant basaltic hazards include 
volcanic-gas emission and disruption of groundwater. 


Available geologic map data and geochronometry of the INL basalt lava flows suggest minimum (most 
conservative) volcanic recurrence intervals of 10-4 to 10-5 per year, for the axial volcanic zone and the 
Arco and Lava Ridge-Hells Half Acre volcanic rift zones. The probabilistic risk of basalt-lava inundation 
or intrusion-related ground disturbance is therefore estimated to be less than 10-5 per year for the ISF site 
and other sites on the southern portions of the INL. Risk from these phenomena at northern portions of 
the INL is still lower because volcanism there has been less frequent and less recent. The probability of 
significant impact from all other volcanic phenomena (e.g., growth of new rhyolite domes on the Eastern 
Snake River Plain or tephra falls thicker than 8 centimeters from non-Eastern Snake River Plain vents) is 
estimated to be less than 10-5 per year, because of great distance, infrequency, low volume, and 
topographic or atmospheric barriers to the dispersal of tephra on the INL. 
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2.7 SUMMARY OF SITE CONDITIONS AFFECTING CONSTRUCTION AND 
OPERATING REQUIREMENTS 


The ISF Facility will be located within the boundaries of the INL and will not add appreciably to the 
impact of the INL on the local environment, infrastructure, labor, or population. 


The finished grade of the ISF Facility is at an elevation of 4917 feet. The site will slope gradually to the 
southeast corner, where a stormwater retention basin will be located during construction (4910 feet).  


Dust at the construction site will be controlled with the occasional application of water. 


Accumulated snow will be removed and deposited where melting will not flood the construction site or 
adjacent operating areas. 


The following design bases for important to safety structures, systems and components are related to the 
site characteristics for the ISF Facility (see Chapter 3). 


• The ISF Facility is designed for the normal maximum and minimum temperatures of the INL, 
98ºF to -26ºF. 


• The ISF Facility is designed for a snow load of 30 psf. 


• The ISF Facility is designed to accommodate a probable maximum flood. 


• The ISF Facility is designed to withstand a tornado event with wind speeds up to 200 mph. 


• The ISF Facility is designed to withstand a 2,500-year return period seismic event with a 
horizontal peak acceleration at rock of 0.123g. 
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Table 2.1-1 
Typical Work Force at INL Facilities 


Location 
Number of 
Employees 


Argonne National Laboratory West Area (ANL-W) 693 
Central Facilities Area (CFA) 975 
Idaho Nuclear Technology and Engineering Center (INTEC) 1080 
Radioactive Waste Management Complex (RWMC) 280 
Naval Reactor Facility (NRF) 858 
Special Power Excursion Reactor Test (SPERT) and Power Burst Facility (PBF) 
and Waste Reduction Operations 


142 


Test Area North (TAN) 459 
Test Reactor Area (TRA) 478 
TOTAL 4965 
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Table 2.3-1 
Historical INL Daily Temperature Extremes 


Year 


Highest 
Temperature 


(°F) 
Lowest 


Temperature (°F)
1952 94 -23 
1953 98 -15 
1954 99 -17 
1955 99 -24 
1956 96 -30 
1957 93 -29 
1958 97 -15 
1959 98 -31 
1960 101 -32 
1961 98 -13 
1962 96 -40 
1963 94 -35 
1964 96 -33 
1965 95 -10 
1966 97 -14 
1967 96 -23 
1968 97 -29 
1969 99 -14 
1970 96 -23 
1971 98 -28 
1972 98 -40 
1973 98 -32 
1974 97 -29 
1975 98 -26 
1976 98 -18 
1977 97 -30 
1978 99 -37 
1979 98 -33 
1980 97 -27 
1981 97 -25 
1982 96 -32 
1983 98 -47 
1984 96 -34 
1985 99 -36 
1986 98 -16 


Year 


Highest 
Temperature 


(°F) 
Lowest 


Temperature (°F)
1987 97 -17 
1988 100 -28 
1989 99 -27 
1990 101 -38 
1991 97 -20 
1992 101 -28 
1993 91 -26 
1994 98 -13 
1995 95 -14 
1996 99 -31 
1997 95 -12 
1998 101 -28 
1999 97 -15 
2000 100 -13 


Average(1) 98 -26 


(1) Averages have been rounded to the nearest 
whole number to yield conservative values. 


SOURCE: Table based on NOAA data collected 
from Station 46W between 1952 and 2000. 
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Table 2.3-2 
Mean and Maximum of Daily Temperature Range for INL 


 Mean Range (°F) Maximum Range (°F) 
January 23 52 
February 24 50 
March 24 53 
April 28 57 
May 30 55 
June 33 54 
July 38 56 
August 38 59 
September 36 58 
October 34 59 
November 24 52 
December 23 54 


Table based on CFA data collected between January 1950 and 
December 1988 (Ref. 2-6). 
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Table 2.3-3 
Historical Freeze and Thaw Cycles at the INL 


 
Average Number of 


Cycles (%) 
Maximum Number 


of Cycles (%) 
Minimum Number of 


Cycles (%) 
January 33 74 3 
February 58 100 0 
March 82 100 39 
April 75 97 53 
May 31 65 3 
June 6 17 0 
July 0 3 0 
August 2 16 0 
September 26 57 0 
October 76 97 39 
November 76 97 27 
December 43 81 6 


Table based on CFA data collected between January 1950 December 1988 (Ref. 2-6).







ISF FACILITY 
Safety Analysis Report Rev. 4 
 


  


Table 2.3-4 
Historical INL Monthly Heating Degree Days and Extremes 


Total Accumulated Heating Degree Days Daily Extreme Heating Degree Days 
Mean Highest Lowest Highest Lowest 


January 1517 1709 1086 85 22 
February 1226 1623 865 88 21 
March 1069 1446 764 71 11 
April 702 889 471 43 2 
May 428 610 234 35 0 
June 183 299 44 25 0 
July 29 90 1 16 0 
August 54 192 4 20 0 
September 291 493 142 36 0 
October 652 832 433 44 2 
November 1055 1342 860 74 14 
December 1436 1726 1181 93 21 


Table based on CFA data collected between January 1950 and December 1988 (Ref. 2-6). 
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Table 2.3-5 
Historical INL Monthly Cooling Degree Days and Extremes 


Total Accumulated Cooling Degree Days Daily Extreme Cooling Degree Days 
Mean Highest Lowest Highest Lowest 


January 0 0 0 0 0 
February 0 0 0 0 0 
March 0 0 0 0 0 
April 0 0 0 0 0 
May 1 24 0 0 0 
June 31 137 3 6 0 
July 123 224 58 18 0 
August 85 174 32 18 0 
September 6 32 0 0 0 
October 0 0 0 9 0 
November 0 0 0 0 0 
December 0 0 0 0 0 


Table based on CFA data collected between January 1950 and December 1988 (Ref. 2-6). 
 







ISF FACILITY 
Safety Analysis Report Rev. 4 
 


  


Table 2.3-6 
Historical INL Area Precipitation 


 Lowest (inches) Highest (inches) Average (inches) 
January 0.00 2.56 0.69 
February 0.00 2.40 0.64 
March 0.07 1.44 0.60 
April 0.00 2.50 0.73 
May 0.07 4.42 1.20 
June 0.02 3.89 1.18 
July 0.00 2.29 0.53 
August 0.00 3.27 0.57 
September 0.00 3.52 0.63 
October 0.00 1.67 0.52 
November 0.00 1.74 0.68 
December 0.02 3.43 0.75 
Annual Totals 0.18 33.13 8.72 


Recorded precipitation in the CFA between January 1950 to December 1988 (Ref. 2-6). 
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Table 2.3-7 
Historical Precipitation Extremes at INL (inches) 


 During 1-Hour Period During 24-Hour Period 
January 0.18 0.79 
February 0.16 0.79 
March 0.17 0.61 
April 0.18 1.51 
May 0.43 0.95 
June 0.54 1.64 
July 0.20 1.25 
August 0.40 0.80 
September 0.37 1.55 
October 0.34 0.74 
November 0.16 0.71 
December 0.23 1.07 


Table based on CFA data reported between January 1950 and December 
1988 (Ref. 2-6). 
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Table 2.3-8 
Historical INL Snowfall Amounts 


 
Minimum 
(inches) 


Maximum 
(inches) 


Maximum in 
24-hour Period 


(inches) Average (inches) 
January 0.0 18.1 8.5 6.1 
February 0.0 15.0 7.5 4.7 
March 0.0 10.2 8.6 3.5 
April 0.0 16.5 6.7 2.3 
May 0.0 8.3 4.4 0.7 
June 0.0 0.0 0.0 0.0 
July 0.0 0.0 0.0 0.0 
August 0.0 0.0 0.0 0.0 
September 0.0 1.0 1.0 0.1 
October 0.0 7.2 4.5 0.6 
November 0.0 12.3 6.5 3.3 
December 0.0 22.3 7.0 6.4 
Annual Totals 6.8 59.7 N/A 27.6 


Table based on CFA data collected between January 1950 and December 1988 (Ref. 2-6). 
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Table 2.3-9 
Historical INL Dewpoint Temperatures 


 Average Air 
Temperature (°F) 


Average Wet 
Bulb (°F) 


Average Dew 
Point (°F) 


January 16.5 14.7 7.4 
February 22.0 19.6 12.5 
March 31.5 26.4 16.1 
April 41.9 33.0 19.0 
May 52.3 41.0 27.8 
June 61.3 46.2 31.0 
July 69.0 47.9 33.5 
August 66.4 47.9 29.3 
September 56.2 41.7 23.8 
October 44.1 34.4 19.7 
November 27.9 23.7 14.0 
December 22.0 19.2 10.8 


Table based on CFA data collected between April 1955 and April 1961 (Ref. 2-6). 
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Table 2.3-10 
Historical INL Average Wind Speeds 


Highest Hourly Average Speed (mph) 
Average Speed (mph) 20-ft Level 250-ft Level 


 20-ft Level 250-ft Level Speed Direction Speed Direction 
January 5.6 9.7 48 WSW 65 SW 
February 6.9 11.3 36 SW 52 WSW 
March 8.7 13.8 51 WSW 67 WSW 
April 9.3 14.6 39 WSW 49 WSW-SW 
May 9.3 14.3 41 SW 47 WSW-SW 
June 8.9 14.2 36 SW 46 WSW-SW 
July 8.0 13.5 35 WSW 47 WSW 
August 7.7 13.1 40 WSW 54 SW 
September 7.2 12.8 42 WSW 56 WSW 
October 6.8 12.3 44 WSW 58 WSW 
November 6.4 11.6 40 WSW 54 WSW 
December 5.1 9.6 43 SW 56 SW 


Table based on CFA data collected between April 1950 and October 1983 (Ref. 2-6). 
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Table 2.3-11 
Historical CFA Atmosphere Pressure 


Station Pressure (in. of mercury)  
Average 


Average Daily 
High 


Average Daily 
Low Highest Lowest 


January 25.08 25.18 25.00 25.69 24.26 
February 25.07 25.15 24.98 25.58 24.27 
March 24.99 25.08 24.90 25.61 24.26 
April 24.98 25.07 24.91 25.44 24.46 
May 25.00 25.07 24.94 25.48 24.51 
June 25.02 25.09 24.96 25.39 24.55 
July 25.09 25.15 25.04 25.44 24.71 
August 25.09 25.15 25.03 25.37 24.72 
September 25.09 25.16 25.03 25.59 24.54 
October 25.11 25.19 25.03 25.59 24.54 
November 25.12 25.21 25.04 25.65 24.46 
December 25.13 25.23 25.04 25.66 24.29 
Average 25.06 25.14 24.99 25.69 24.26 


Table based on data reported in TMI-2 ISFSI SAR (Ref. 2-1). 
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Table 2.3-12 
DEQ-Estimated Planning-Level Ambient Concentrations INL Airshed 


 1-hr 8-hr 24-hr Quarterly Annual 
PM-10 NA NA 86 ug/m3 NA 32.7 ug/m3 
TSP NA NA 130 ug/m3 NA 36.7 ug/m3 


Pb NA NA NA 0.17 ug/m3 NA 
CO 10 ppm 


(11450 ug/m3) 
4.5 ppm 


(5153 ug/m3) 
NA NA NA 


NO2 NA NA NA NA 40 
SO2 NA 0.208 ppm 


(544 ug/m3) 
0.055 ppm 
(114 ug/m3) 


NA 0.009 ppm 
(23.6 ug/m3) 


O3 40 ppb 
(78.5 ug/m3) 


NA NA NA NA 


Table based on data reported in TMI-2 ISFSI SAR (Ref. 2-1). 
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Table 2.3-13 
Historical INL Extremes of Daily Temperatures 


 Highest Daily 
Maximum (°F) 


Lowest Daily 
Minimum (°F) 


Change in 
Temperature (°F) 


January 51 -40 91 
February 59 -36 95 
March 70 -28 98 
April 82 6 76 
May 91 13 78 
June 100 23 77 
July 101 28 73 
August 99 28 71 
September 96 12 84 
October 85 3 82 
November 67 -24 91 
December 55 -47 102 


Table based on CFA data collected between January 1950 and September 1988 
(Ref. 2-1). 
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Table 2.3-14 
Expected INL Peak Wind Gusts 


20-ft Level 250-ft Level  
Direction Speed (mph) Direction Speed (mph) 


January SW 78 S 75 


February WSW 60 SW 66 
March WSW 78 SW 84 


April S 67 SW 62 
May SW 62 SSW 67 
June SSW 60 SSW 75 
July N 68 S 66 
August WSW 62 SW 72 
September WSW 61 WSW 70 
October WSW 66 WSW 76 
November WSW-SW 60 WSW 70 
December SW 64 SSW 80 


Table based on CFA data collected between April 1950 and October 1964 (Ref. 2-6). 
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Table 2.3-15 
Design Basis Tornado 


 ISF Site 
Maximum wind speed (mph) 200 
Rotational speed (mph) 160 
Maximum translational speed (mph) 40 
Pressure drop (psi) 1.5 
Rate of pressure drop (psi/sec) 0.6 
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Table 2.3-16 
Predicted Maximum Storm Precipitation Amounts (inches) 


 During 1-Hour Period During 24-Hour Period 
January 0.18 1.08 
February 0.18 0.96 
March 0.17 0.61 
April 0.24 1.51 
May 1.00 1.78 
June 1.15 1.73 
July 0.24 1.33 
August 0.45 1.44 
September 0.55 1.55 
October 0.34 1.12 
November 0.25 1.02 
December 0.23 1.18 


Table based on data reported in TMI-2 ISFSI SAR (Ref. 2-1). 
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Table 2.3-17 
Average Number of Days (percent) with Specified Amounts of  


Precipitation at the INL 


 
Trace or 
More (%) 


0.01-Inch or 
More (%) 


0.10-Inch or 
More (%) 


0.50-Inch or 
More (%) 


1.00-Inch or 
More (%) 


January 40 24 7 0.7 0.0 
February 35 21 8 0.7 0.0 
March 32 20 7 0.2 0.0 
April 31 20 8 0.6 0.1 
May 35 25 13 1.4 0.0 
June 34 23 11 1.9 0.3 
July 17 12 5 0.7 0.1 
August 21 12 5 1.0 0.0 
September 19 12 6 0.9 0.2 
October 20 12 6 0.7 0.0 
November 27 19 8 0.6 0.0 
December 35 23 9 0.3 0.1 


Table based on CFA data collected between January 1950 and December 1988 (Ref. 2-6). 
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Table 2.3-18 
Historical INL Average Number of Days (percent) with Specified Snowfall Amounts 


 Snowfall Amounts 
 0.1-Inch or More (%) 1.0-Inch or More (%) 3.0-Inch or More (%) 
January 20 7 1 
February 14 6 2 
March 11 4 1 
April 6 2 1 
May 1 1 0 
June 0 0 0 
July 0 0 0 
August 0 0 0 
September 0 0 0 
October 2 1 1 
November 9 4 2 
December 19 8 1 


Table based on CFA data collected between January 1950 and December 1988 (Ref. 2-6). 
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Table 2.3-19 
Historical INL Maximum and Average Snow Depths 


(in inches) 


Maximum Average 
January 18.1 6.1 
February 15 4.7 
March 10.2 3.5 
April 16.5 2.3 
May 8.3 0.7 
June 0 0.0 
July 0 0.0 
August 0 0.0 
September 1.0 0.1 
October 7.2 0.6 
November 12.3 3.3 
December 22.3 6.4 


Table based on CFA data collected between January 1950 and 
December 1988 (Ref. 2-6). 
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Table 2.3-20 
XOQDOQ Input Data and Program Options Used in the INL INTEC Dispersion Analysis 


Parameter Available Option INTEC Application(1) 
Stability Various NRC (UT) Grid 3 
Wind Various PBF (1982) 
Release height Elevated or ground level or 


mixed mod 
Ground level 


Stack effluent momentum, 
temperature 


Momentum and/or buoyancy None, surface release 


Building wake effects Dimensions, relation to release 
point 


Not used 


Transport level wind height May be extrapolated through 
planetary boundary layer 


Not adjusted,15.2 M used 


Topography Input for modified effective 
plume height 


Not used, flat terrain 


Radioactive decay Incorporate varied half lives Not used 
Dry disposition Incorporate depletion factors Not used 
Recirculation or stagnation Tune X/Q; D/Q values Not used 
Receptor grid Standard or custom Standard 


(1) Table as reported in TMI-2 ISFSI SAR (Ref. 2-1). 
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Table 2.3-21 
MESODIF Input Data and Program Options Used in the INL INTEC Dispersion Analysis 


Parameter Available Option INTEC Application(1) 
Stability Various NRC (UT) Grid 3 
Wind Various All stations 
Release height As input Ground level 
Stack effluent momentum, 
temperature 


As input Ambient 


Building wake effects Dimensions, relation to release 
point 


Not used 


Topography Option not available Not used 
Radioactive decay Option not available Not used 
Deposition decay Option not available Not used 
Recirculation or stagnation Consider directly In windfield 


(1) Table as reported in TMI-2 ISFSI SAR (Ref. 2-1). 
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Table 2.4-1 
Historical Monthly Big Lost River Discharge Near INTEC (Cubic Feet) 


Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
1965 0 0 2380 10300 15400 29600 31100 16900 10900 0 0 0 116580 
1966 0 0 0 3660 981 0 0 0 0 0 0 0 4641 
1967 0 0 0 0 2030 20180 18376 4400 9050 8740 0 0 62776 
1968 0 0 2280 3390 16 524 0 1053 1130 3290 4500  16183 
1969 0 0 0 3960 33000 33500 21800 4780 9840 6710 3290 0 116880 
1970 0 0 501 1650 793 13800 17700 1510 6080 5280 4750 8 52072 
1971 0 0 0 10600 12300 17200 20800 7760 13400 14400 13100 0 109560 
1972 0 0 1540 4920 504 1710 861 84 2990 3520 3099 0 19228 
1973 0 0 0 2830 405 0 0 0 0 0 0 0 3235 
1974 0 0 3240 5520 6940 16200 9390 1170 1160 3760 4200 0 51580 
1975 0 0 0 3180 12000 12100 18700 3560 6520 8210 7990 0 72260 
1976 0 0 333 1450 1660 1120 0 0 300 620 1100 76 6659 
1977 0 0 0 0 0 0 0 0 0 0 0 0 0 
1978 0 0 0 0 0 0 0 0 0 0 0 0 0 
1979 0 0 0 0 0 0 0 0 0 0 0 0 0 
1980 0 0 0 0 0 0 1140 0 0 0 0 0 1140 
1981 0 0 0 1300 5092 7560 0 0 0 0 0 0 13952 
1982 0 0 0 5930 17200 13400 15100 4820 8190 10500 5740 600 81480 
1983 600 600 900 12800 15800 18900 18200 9780 7320 6200 5660 1200 97960 
1984 1200 1200 1200 2200 2230 4550 3950 5790 5140 5980 8710 2120 44360 
1985 3 0 0 7170 6430 0 0 0 9950 10707 1275 0 35535 
1986 0 96 537 8370 14825 20315 2900 1016 14753 8220 1190 2 72224 
1987 0 0 531 491 0 0 0 0 0 0 0 0 1022 
1988 0 0 0 0 0 0 0 0 0 0 0 0 0 
1989 0 6 0 0 0 0 0 0 0 0 0 0 0 
1990 0 0 0 0 0 0 0 0 0 0 0 0 0 
1991 0 0 0 0 0 0 0 0 0 0 0 0 0 
1992 0 0 0 0 0 0 0 0 0 0 0 0 0 
1993 0 0 0 0 0 5116 0 0 0 0 0 0 5116 
1994 0 0 0 0 0 0 0 0 0 0 0 0 0 


Data for table as reported in TMI-2 ISFSI SAR (Ref. 2-1). 
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Table 2.4-2 
Dam and Reservoir Characteristics 


Characteristic Mackay Dam INL Flood Diversion Facility 
Dam crest elevation (ft) 6076 5064.7 
Dam crest length (ft) 1430 500 
Dam height (ft) 79 22 
Spillway Ungated overflow crest, 75 ft None 
Spillway crest elevation (ft) 6066.5 N/A 
Gate Centerline Elevation (ft) Upper 6036.6 


Lower 6007.8 
5045.6 


Dam base elevation (ft) 5997 5042.6 
Spillway maximum capacity (cfs) 6588 N/A 
Gate maximum capacity (cfs) 2960 1121 
Reservoir capacity(1) (ac-ft) 55091 @ 6076 


44500 @ 6066.5 
8750 @ 6030 
500 @ 6010 


18200 @ 5040 
58000 @ 5050 


(1) The TMI-2 ISFSI SAR stated that the Mackay Reservoir lost 22% of mid and late season irrigation 
capacity due to sedimentation of the reservoir. Reservoir capacity for the INL Flood Diversion 
Facility Dam is for the spreading areas; no water is held immediately behind the diversion dam 
(Ref. 2-1). 
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Table 2.4-3 
Results of Probable Maximum Flood Induced Overtopping Failure of Mackay Dam(1) 


Location  
Elevation 
(ft-msl) 


Peak Surface 
Water Elevation 


(ft-msl) 
Peak Flood 
Flow (cfs) 


Peak Water 
Velocity (ft/sec) 


Time of Wave 
Arrival (hrs) 


Mackay Dam 6076 6,078 306,700 8.5 0.0 
ARCO 5310 5,319 147,720 5.6 6.7 
INL Diversion Facility 5065 5,073 71,850 1.0 10.0 
CFA 4928 4,942 67,830 3.4 12.8 
TRA 4920 4,924 67,170 2.8 13.2 
INTEC(2) 4914 4,917 66,830 2.7 13.5 
NRF 4845 4,851 61,620 1.9 16.4 
TAN 4780 4,786 34,810 1.1 34.5 


(1) Document Datum for these numbers is 1986 Flood Study Elevation Datum. 
Table developed from data presented in the TMI-2 SAR (Ref. 2-1) 


(2) The ISF Facility site is adjacent to the INTEC and is at an elevation of 4913* feet (1986 Flood Study)


* Note: The 1986 Flood Study elevations can be converted to NAVD 88 datum values in the vicinity of 
the ISF Facility site by adding 3.71 feet to the 1986 Flood Study elevation. 
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Table 2.4-4 
Results of Seismic Induced Failure of Mackay Dam During 25-Year Flood(1) 


Location  
Elevation  
(ft-msl) 


Peak Surface 
Water Elevation 


(ft-msl) 
Peak Flood 
Flow (cfs) 


Peak Water 
Velocity (ft/sec) 


Time of Wave 
Arrival (hrs) 


Mackay Dam 6076 6,067 107,480 5.8 0.0 
ARCO 5310 5,317 74,240 4.8 8.3 
INL Diversion 
Facility 


5065 5,070 45,410 1.4 11.8 


CFA 4928 4,942 40,520 3.0 14.8 
TRA 4920 4,923 39,580 2.5 15.3 
INTEC(2) 4914 4,916 39,080 2.4 15.8 
NRF 4845 4,850 31,690 1.5 18.9 
TAN 4780 4,782 4,440 0.7 42.5 


(1) 1986 Flood Study Elevation Datum. 
(2) The ISF Facility site is adjacent to the INTEC and is at an elevation of 4913* feet (1986 Flood 


Study). 
Note: The 1986 Flood Study elevations can be converted to NAVD 88 datum values in the vicinity of the 
ISF Facility site by adding 3.71 feet to the 1986 Flood Study elevation. 
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Table 2.4-5 
Dam Failure Characteristics 


Failure Seismic 100-Yr Piping 500-Yr Piping 
Overtopping 


PMF 
Mackay Dam 


Breach type Trapezoid Triangle Trapezoid Trapezoid 
Breach bottom width (ft) 31.6 0.0 31.6 140.0 
Breach side slope (x/y) 0.6 0.6 0.6 0.6 
Failure mode Internal 


(seismic) 
Internal 
(piping) 


Internal 
(piping) 


Hydrologic 
(overtopping) 


Failure time (hr) 1.0 1.0 1.0 1.0 
Reservoir inflow hydrograph 25-Yr Flood 100-Yr Flood 500-Yr Flood PMF 
Peak reservoir inflow (cfs) 4,030 4,870 5,760 82,100 
Reservoir level at failure (ft-msl) 6,066 6,066 6,066 6,077 


INL Flood Diversion Facility 
Breach type Trapezoid Trapezoid Trapezoid Trapezoid 
Breach bottom width (ft) 60.0 60.0 60.0 60.0 
Breach side slope (x/y) 0.6 0.6 0.6 0.6 
Failure mode Overtopping Overtopping Overtopping Overtopping 
Failure time (hr) 0.1 0.1 0.1 0.1 
Initial water level (ft-msl) 5,060 5,060 5,060 5,060 
Flow losses, percent of total flow 40 40 40 40 
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Table 2.5-1 
INL Production Wells and Annual Volume Pumped 


Well Name(1) 
Depth of Well 


(ft bls)(2) 
Depth to Water 


(ft bls) 
Annual Volume 


(gal) 
ANP-01 360 208 2.561E+06 
ANP-02 340 211 1.433E+06 
ANP-08 309 218 3.908E+05 
Badging Facility Well 644 489 5.76E+04 
CFA-1 639 468 1.473E+07 
CFA-2 681 471 1.448E+05 
CPP-01 586 460 1.834E+08(3) 


CPP-02 605 460 1.834E+08(3) 


CPP-04 700 462 1.834E+08(3) 


CPP-05 695 447 1.834E+08(3) 
EBR-1 1075 596 4.491E+04 
EBR II-1 745 632 2.767E+06(4) 


EBR II-2 753 630 2.767E+06(4) 


FET-1 330 199 1.427E+06 
FET-2 455 200 5.067E+05 
Fire Station Well 516 420 1.057E+04 
NRF-1 535 363 2.594E+06 
NRF-2 529 362 9.368E+06 
NRF-3 546 363 9.802E+04 
NRF-4 597 363 1.649E+07 
Rifle Range Well 620 508 9.115E+04 
RWMC Production 685 568 4.824E+05 
SPERT-1 653 456 3.871E+05 
SPERT-2 1217 463 3.450E+05 
TRA-01 600 453 3.595E+07 
TRA-03 602 456 2.074E+06 
TRA-04 965 463 9.006E+07 


(1) All wells withdraw water from the main body of the Snake River Plain Aquifer and 
are used for drinking water with the exception of wells ANP-08, Fire Station Well, 
and NRF-4 that are production wells for INL operations. 


(2) Feet below land surface (ft bls). 
(3) Annual volume data is the total for Wells CPP-1, CPP-2, CPP-4, and CPP-5. 
(4) Annual volume data is the total for Wells EBR II-1 and EBR II-2. 
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Table 2.6-1 
Time Periods of Earthquake Data Completeness 


Magnitude Interval Completeness Period 
2.0 – 4.0 1975 – 1995 
4.0 – 5.0 1963 – 1995 
5.0 – 5.5 1950 – 1995 
5.5 – 6.0 1925 – 1995 
6.0 – 6.5 1900 – 1995 
6.5 – 7.0 1875 – 1995 


7.0+ 1850 – 1995 


Table developed from information reported in TMI-2 ISFSI SAR (Ref. 2-1). 
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 Table 2.6-2 Sheet 1 of 2
Earthquakes with Magnitudes Greater than 5.5 within 321 Kilometers of INL(4) 


Modified Mercalli Intensity(3) 
Earthquake Date/Time(1) Magnitude(2) Epicenter INTEC Area Geographical Location 


Radial 
Distance (km) 


1884: November 10/ 08:50      
1905: November 11/ 21:26 5.5 ML VII IV Shoshone, ID 164 
1909: October 6/ 02:50 6.3 MI VIII  Hansel Valley, UT 216 
1914: May 13/ 17:15 5.7 MI VII  Ogden, UT 283 
1925: June 28/ 01:21 6.8 M; 


6.6 MW 
VI  Clarkston, MT 275 


1925: June 29/ 01:12 6.3 M   Clarkston, MT 292 
1930: June 12/ 09:15 5.8 ML VI  East of Soda Springs, ID 190 
1934: March 12/ 15:05 6.6 ML; 


6.6 MW 
IX  Hansel Valley, UT 222 


1934: March 12/ 18:20 6.2 ML; 
5.9 MW 


VII  Hansel Valley, UT 222 


1934: April 14/ 21:26 5.6 ML VII  Hansel Valley, UT 245 
1934: May 6/ 08:09 5.6 ML VI  Hansel Valley, UT 222 
1944: July 12/ 19:30 6.1 MB VII  North of Stanley, ID 235 
1945: February 14/ 03:01 6.0 ML VI  North of Stanley, ID 235 
1947: November 23/ 00:46 6.3 M; 


6.1 MW 
  Virginia City, MT 138 


1959: August 18/ 06:37 7.5 MS; 
6.3 MW  
7.3 MW 


X VI Hebgen Lake, MT 187 


1959: August 18/ 07:56 6.5 M   Hebgen Lake, MT 208 
1959: August 18/ 08:41 6.0 M   Hebgen Lake, MT 208 
1959: August 18/ 11:03 5.6 M   Hebgen Lake, MT 182 
1959: August 18/ 15:26 6.5 MB; 


6.3 MW 
  Hebgen Lake, MT 209 


1959: August 19/ 04:04 5.9 MS; 
6.0 MW 


  Hebgen Lake, MT 209 


1962: August 30/ 13:35 5.7 MS; 
5.9 MW 


VII  Cache Valley, UT 208 


1964: October 21/ 07:38 5.8 MB; 
5.6 MW 


  Hebgen Lake, MT 154 


1975: March 28/ 02:31 6.1 MB; 
6.2 MW 


VIII III Pocatello Valley, UT 183 


1975: June 30/ 18:54 6.1 ML VII Not Felt Yellowstone Park, WY 209 
1976: December 8/ 14:40 5.5 MB   Yellowstone Park, WY 198 
1983: October 28/ 14:06 7.3 MS; 


6.8 MW 
IX VI Northwest of Mackay, ID 93 
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 Table 2.6-2 Sheet 2 of 2 
Earthquakes with Magnitudes Greater than 5.5 within 321 Kilometers of INL(4) 


Earthquake Date/Time(1) Magnitude(2) Modified Mercalli Intensity(3) Geographical Location 
Radial 


Distance (km) 
1983: October 28/ 19:51 5.8 ML; 


5.4 MW 
  Northwest of Mackay, ID 98 


1983: October 29/ 23:29 5.8 ML; 
5.5 MW 


  Northwest of Mackay, ID 121 


1984: August 22/ 09:46 5.8 ML; 
5.6 MW 


  Challis, ID 127 


1994: February 3/ 09:05 5.9 MW; 
5.7 MW 


V Not Felt West of Afton, WY 172 


(1) Universal Time Coordinated (Greenwich Mean Time) 
(2) Highest magnitude value is reported on this table. Moment magnitudes are included, if calculated. 
(3) Modified Mercalli intensity for epicenter is based on Wood and Neumann, 1931. Modified Mercalli intensity at the ISF 


site was obtained from available intensity maps. 
(4) Table as reported in TMI-2 ISFSI SAR (Ref. 2-1). 
Magnitude Scales: 


MI Conversion from Intensity 
ML Local or Richter 
M Magnitude type not specified 
MB Body-wave 
MS Surface-wave 
MW Moment 
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Table 2.6-3 
Ground Motions Recorded During the Borah Peak Earthquake at CPP-601 


Location Acceleration (g) Velocity (cm/sec) Displacement (cm)
L 0.043 1.38 0.25 
T 0.065 2.76 0.13 CPP-601 


1st Floor 
V 0.033 1.28 0.16 
L 0.038 1.32 0.12 
T 0.044 2.19 0.16 CPP-601 


2nd Basement 
V 0.038 1.46 0.11 
L 0.078 2.03 0.23 
T 0.058 2.80 0.34 CPP-601 


Free Field 
V 0.035 1.39 0.25 


Table developed from information reported in TMI-2 ISFSI SAR (Ref. 2-1). 
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 Table 2.6-4 Sheet 1 of 2
Basin and Range Faults Around the Eastern Snake River Plain 


Fault Important Points 
Sawtooth, White 
Cloud Peaks Area 


Contemporary earthquake swarms, maximum magnitude = 6.1, several mapped 
normal faults. 
Arco Segment – MRE ~30 Ka, trenching, D~2-3 m, L~10 km, SR~0.12 mm/y, 
RI~30-40 Ka 
Pass Creek Segment – MRE~30-50 Ka, scarp morphology, ND, L~30 km, 
RI~30-50 Ka, scarp Morphology, ND, L~30 Km, R1~30-50 Ka? 
Mackay Segment – MRE~4.3-6.8 Ka, trenching, ND, L~22 km, SR~0.3 mm/yr, 
RI~4.7 Ka 
Thousand Springs Segment – MRE=1983, trenching/earthquake, D=2.7 m, 
L=36 km, SR=0.3 mm/yr, RI=6-7 Ka 
Warm Spring Segment – MRE.5-6.2 Ka, trenching, ND, L=15 km, SR=0.3 
mm/yr, RI<15 Ka 


Lost River Fault 


North Segment – MRE>Late Quaternary, scarp morphology, ND, L~20km., ND, 
ND, low structural relief 
Southern Segment (Howe and Fallert Springs segments) – MRE~15-24 Ka, 
trenching/scarp morphology, D~2-3 m, L~25 km, SR~0.1 mm/yr, RI=3.3 Ka (avg.)
Sawmill Gulch Segment – MRE<10 Ka, trenching, D=1.7 m, L=43 km, ND, ND 
Goldburg Segment – MRE~10-15 Ka, scarp morphology, ND, L=12 km, ND, ND
Patterson Segment – MRE<10 Ka?, scarp morphology, ND, L~23 km, ND, ND 


Lemhi Fault 


May Segment – MRE~15-30 Ka?, scarp morphology, ND, L~23 km, ND, ND 
Blue Dome Segment – MRE>30 Ka, scarp morphology, ND, L~25 km, ND, ND 
Nicholia Segment – MRE~10-15 Ka, scarp morphology, ND, L~42 km, ND, ND 
Badly Mountain Segment – MRE>30 Ka, scarp morphology, ND, L~21 km, ND, 
ND 
Leadore Segment – MRE<10 Ka, scarp morphology, ND, L~23 km, ND, ND. 
Mollie Gulch Segment – MRE~10-15 Ka?, scarp morphology, ND, L~20 km, 
ND, ND 


Beaverhead Fault 


Lemhi Segment – MRE>30 Ka, scarp morphology, ND, L~20 km, ND, ND 
Sheep Creek Segment – MRE<10 Ka, scarp morphology, ND, L~16 km, ND, NDRed Rock Fault 
Timber Butte Segment – MRE~10-15 Ka, scarp morphology, ND, L~11 km, ND, 
ND 
Western Centennial Valley Segment – MRE<10 Ka, scarp morphology, ND, 
L~23 km, ND, ND 
Red Rocks Lake Segment – MRE>20 Ka?, scarp morphology, ND, L~24 km, 
ND, ND 


Centennial Fault 


Henrys Lake Segment – MRE<10 Ka, scarp morphology, ND, L~1 km, ND, ND 
Madison Fault Madison Canyon Segment – MRE~Late Holocene (1947?, 1959?), scarp 


morphology, ND, L~34 km (total fault length = 117 km) 
Additional scarps exist but no segments have been delineated (a short segment 
of this fault ruptured in 1959). 
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 Table 2.6-4 Sheet 2 of 2
Basin and Range Faults Around the Eastern Snake River Plain 


Fault Important Points 
Hebgen Fault – MRE=1959, scarp morphology, D=6.7m, L~13 km (+14 km on 
R.C. Fault), ND, ND 


Hebgen Fault and 
Red Canyon Fault 


Red Canyon Fault – MRE=1959, scarp morphology, D=6.7 m, L~45 km, SR~1.2 
– 1.5 mm/yr (pre-1959), RI=4.3 Ka 


Yellowstone Area Numerous north-trending normal faults around Yellowstone Caldera with 
Quaternary movement. Contemporary seismicity, maximum magnitude = 6.1. RI 
= 700-750 years for M7 earthquakes based on seismic moment rates. 
South Segment – MRE~7 Ka, trenching and scarp morphology, D=4.1m, L~24 
km, SR~1.7-2.2 mm/yr, RI~1.4-2.3 Ka 
Middle Segment – MRE<11-14 Ka, scarp morphology, D~3m, L~20 km, SR~1.7-
2.2 mm/yr, RI~1.4-2.3 Ka 


Teton Fault 


North Segment – MRE<11-14 Ka, scarp morphology, D~3m, L~20 km, SR~1.7-
2.2 mm/yr, RI~1.4-2.3 Ka 


Grand Valley Fault Grand Valley Fault – MRE>15-30 Ka, scarp morphology, ND, L~72 km, 
SR~0.02-0.04 mm/yr, ND 


Snake River Fault Snake River Fault – MRE>15-30 Ka, scarp morphology, ND, L~50 km, 
SR~0.001 mm/yr, ND 
Northern Segment – MRE<9 Ka, scarp morphology, D~3.6-6.3, L~30 km, 
SR~0.8-1.2 mm/yr, RI~5-7 Ka 


Star Valley Fault 


Southern Segment – MRE<9 Ka, trenching and scarp morphology, D~5.0-6.3 m, 
L~28 km, SR~0.6-1.1 mm/yr, RI~5-7 Ka 
Collinston Segment – MRE>13 Ka, scarp morphology, ND, L~25 km, ND, ND 
Brigham City Segment – MRE=3400 yrs, trenching, ND, L~40 km, ND, ND 


Northern Wasatch 
Fault Segments 


Weber Segment – MRE~500 years, 1.7-3.7 m, trenching, D~1.7-3.7m, L~50 km, 
SR~1.2-2.8 mm/yr, RI~1 Ka? 


For each segment or fault, the information under IMPORTANT POINTS is presented as follows: Most 
recent event (MRE); in thousands of years ago (Ka); type of study, displacement per last event (D); 
length (L); slip rate (SR); and recurrence interval (RI). ND – no data available. 
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 Table 2.6-5 Sheet 1 of 3
 Earthquakes within 200 Miles that have Occurred on Tectonic Structures 


Earthquake Date 
and Time 


(Hr/Min – UTC) 
Seismic Moment 
(x1025 dyne-cm) 


Focal Mechanism 
Strike/Dip/Rake 


(Degrees) 
Tectonic Structure, Source Parameters and 


Dimensions and References 
1925 June 28 


01:21 
10 ± 2 B 30 80 -175 FM 


250 56 -38 BW 
Associated with a fault oriented in an oblique manner 
north of the Clarkston Valley Fault north of Bozeman, 
Montana. 
Z= 9±5 km (LP); 
RL= 25±5 km (BW), 59±5 km (SF); 
SD= 2.0±1.0 m(v). 


1934 March 12 
15:05 


0.95 G 
8.6±2 B 


7 80 -70 FM 
40 87 -11 BW 
0 73 -110 SF 


Caused a fault scarp along an unnamed fault in Hansel 
Valley, Utah. 
Z= 8±2 km (LP); 
RL= 11±3 km (BW), 6±2 km (SF); 
BWD= 2.1±0.1 m (h), 0.2±0.05 m (v); 
SD= 0.2 (h), 2.0±1.0 m (v) 
GD= 0.4±0.1 m (v) 


1934 March 12 
18:20 


0.77±0.3 B 25 85 -20 BW Aftershock to March 12, 1934 earthquake 
Z= 8±7 km (LP); 
RL= 7±3 km (BW); 
BW= -0.5±0.1 m(h). 


1947 November 23 
09:46 


1.8 ± 0.5 B 120 60 -120 FM 
104 48 -170 BW 


Possibly associated with the Madison Fault northwest of 
Hebgen Lake, Montana 
Z= 8±2 km (LP); 
RL= 9±2 km (BW): 
BWD= -0.7±0.2 m (h). 


1959 August 18 
06:37 (Ms 7.5) 


41 G 
150 L 
120 S 


102 60 -90 SW 
120 70 -90 SF 
132 45 -90 GE 


Caused a fault scarp along the Hebgen and Red Canyon 
faults near Hebgen Lake, Montana. No distinction 
between subevents: 
Z= 11±2 km (LP); 
RL= 24±4 km (SF), 40±4 km (GE) 
SD= 4.4 m (v); 
GD= 7.4±0.4 m (v). 


1959 August 18 
06:37 (Mw 6.3) 


2.8 B 102 60 -90 FM 
95 42 -90 BW 


Subevent 1: 
Z= 10±2 km (LP); 
RL= 7±1 km (BW); 
BWD= 0.95 m (v). 


1959 August 18 
06:37 (Mw 7.3) 


92 B 100 54 -90 FM 
95 42 -90 BW 


Subevent 2: 
Z= 15±3 km (LP); 
RL= 21±5 km (BW); 
BWD= 6.8 m (v) 


1959 August 18 
07:56 


nd 70 55 -45 FM Aftershock to August 18, 1959 earthquake. 
nd. 


1959 August 18 
08:41 


nd 70 65 -15 FM Aftershock to August 18, 1959 earthquake. 
nd. 
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 Table 2.6-5 Sheet 2 of 3 
 Earthquakes within 200 Miles that have Occurred on Tectonic Structures  


Earthquake Date 
and Time 


(Hr/Min – UTC) 
Seismic Moment 
(x1025 dyne-cm) 


Focal Mechanism 
Strike/Dip/Rake 


(Degrees) 
Tectonic Structure, Source Parameters and 


Dimensions and References 
1959 August 18 


11:03 
nd 50 64 31 FM Aftershock to August 18, 1959 earthquake. 


nd. 
1959 August 18 


15:26 
3.10 B 
5.5 S 


90 60 -70 FM 
83 50 -90 BW 


Aftershock to August 18, 1959 earthquake. 
Z= 10±2 km (LP); 
RL= 9±1 km (BW). 


1959 August 19 
04:04 


1.1 ± 0.3 B 
4.8 S 


60 75 -155 FM 
57 80 -161 BW 


Aftershock to August 18, 1959 earthquake. 
Z= 8±2 km (LP); 
RL= 11±2 km (BW) 


1962 August 30 
13:35 


0.52 ± 0.2 B 185 58 -85 FM 
201 49 -108 BW 


Associated with the Temple Ridge fault, Cache Valley, 
Utah. 
Z= 12±2 km (LP); 
RL= 3±1 km (BW); 
BWD= 0.55 ± 0.2 m (h). 


1964 October 21 
07:38 


1.10 ± 0.3 B 310 60 18 FM 
307 56 14 BW 


Aftershock to August 18, 1959 earthquake. 
RL= 3±1 km (BW). 


1975 March 28 
02:31 


123 ± 0.6 B 
2.4 L 
1.2 S 


225 39 -53 FM 
200 38 -70 BW 
210 60 -90 GE 


Associated with an unnamed fault in Pocatello Valley, 
Utah. 
Z= 9±2 km (LP), 5±2 km (SP), 12 km (GE); 
R= 12±2 km (BW), 18±2 km (GE); 
BWD= 0.75 ± 0.25 m (v); 
GD = 0.50 m (v). 


1975 June 30 
18:54 


0.75 S 302 71 -129 FM Associated with an unnamed fault near the north-central 
boundary of the Yellowstone Caldera, Wyoming. 
Z= 6±1 km (SP); 
GD= 0.12 m (v). 


1983 October 28 
14:06 


28 G 
21 B 
29L 


138 45 -60 FM 
155 50 -65 BW 
160 70 -70 SF 
152 49 nd GE 


Caused a fault scarp along the Thousand Springs 
segment of the Lost River Fault in central Idaho. 
Z= 16±4 km (LP), 12±2 km (SP), 14 km (GE); 
RL= 21±2 km (BW), 19±2 km (SF), 20±2 km (GE); 
BWD= -0.20 m(h), 1.30 m (v); 
SD= -0.30 m (h), 1.50 m (v); 
GD- 2.10 m (v). 


1983 October 28 
19:51 


0.13 B 
0.24 S 


287 58 -165 FM 
282 48 -159 BW 
286 70 -155 SF 


Aftershock to October 28, 1983 earthquake. 
Z= 10 km (LP), 10 km (SP), 10 km (GE); 
RL= 6±2 km (BW). 


1983 October 29 
23:29 


0.20 B 309 51 -65 FM 
317 45 -90 BW 


Aftershock to October 28, 1983 earthquake. 
Z= 19±9 km (LP), 10 km (SP); 
RL= 8±1 km (BW)’ 
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 Table 2.6-5 Sheet 3 of 3 
 Earthquakes within 200 Miles that have Occurred on Tectonic Structures 


Earthquake Date 
and Time 


(Hr/Min – UTC) 
Seismic Moment 
(x1025 dyne-cm) 


Focal Mechanism 
Strike/Dip/Rake 


(Degrees) 
Tectonic Structure, Source Parameters and 


Dimensions and References 
1984 August 22 


09:46 
0.24 B 170 70 -5 FM 


348 85 -160 BW 
Aftershock to October 28, 1983 earthquake. Associated 
with the Challis segment of the Lost River fault and 
possibly caused slip (M 5.0) on an antithetic fault, the 
Lone Pine fault, central Idaho. 
Z= 10 km (LP), 10 km (SP); 
RL= 7±1 km (BW) 


1994 February 3 
09:05 


0.51 W 355 41 -91 WI Mainshock associated with unknown fault located 18 km 
west of the west-dipping Star Valley normal fault 
Z= 8 km 


1999 August 20 


13:50 


0.02 W 108 55 -
85WI 


The earthquake and aftershocks are interpreted to be 
associated with a cross-over structural zone between the 
east-dipping Red Rock normal fault and the west-dipping 
Monument Hill fault, range-bounding faults with late 
Quaternary displacements 


Events through February 3, 1994 documented in TMI-2 ISFSI SAR (Ref. 2.1). 
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Table 2.6-6 
Historical Earthquakes Possibly Located within the Eastern Snake River Plain 


Date Origin Time (UTC) Intensity Magnitude 
Location Error 


(km) 
11 November 1905 22:29 MM VII ML 5.5 ±100 – 200 
20 February 1909 01:nd MM II nd ±50 – 100 
6 December 1925 16:16 Felt nd ±50 – 100 
7 August 1927 nd Felt nd ±50 – 100 
5 September 1928 05:36 Felt ML 5.2 >±100 
6 June 1932 11:00 MM II nd ±50 – 100 
21 December 1932 08:00 MM II nd ±50 – 100 
28 April 1934 09:30 MM IV nd ±100 – 200 
28 April 1934 10:00 MM III nd ±100 – 200 
29 April 1934 06:10 MM III nd ±100 – 200 
18 November 1937 23:50 nd ML 5.4 nd 
1 February 1954 03:33:19 nd nd ±50 – 100 
20 January 1964 10:09:39.7 nd nd ±22 – 56 
28 February 1969 15:30:24.4 nd nd ±22 - 56 


Table developed from information reported in TMI-2 ISFSI SAR (Ref. 2-1). 
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 Table 2.6-7 Sheet 1 of 2
Maximum Magnitudes and Focal Depths of Earthquakes Associated with Dike Injection(a)


 


Location Volcanic Event(c) (Year) Maximum Magnitude(d) Focal Depth(s)(e) (km) 
Iceland 
Krafla 1975 - 75 5.0(f) 0 - 4 
Krafla 1977 3.8(f) 0 - 6 
Krafla 1978 4.1(f) 1 - 4 
Hawaii, USA 
Kilauea Rift Zones 
East 1965 4.4 (M) 0 - 8 
East 1968, Aug. 3.3 <5 
East 1968, Oct. 3.1 <6 
East 1969 4.7 <7 
Southwest 1975 3.0 nd 
East 1976-77 4.0 <10 
East 1980, Aug. 3.0 (M)(g) 0.5 - 3 
East 1980, Nov. 3.1 (Mc)(g) 0.7 - 4 
Southwest 1981 3.4 (M)(g) 1 - 2 
East 1982 3.0 (M)(g) 0.5 - 3 
Japan 
Izu Peninsula(h) 1989 5.5 (M) <8 
Africa 
Asal. Afar 1978 5.3 (m) 0 - 6 
New Zealand 
Taupo Volcano Zone(i) 1964 - 65 4.6 4 - 8 
Taupo Volcano Zone(j) 1983 4.3 6 - 10 
California, USA 
Mono Craters(k) 1325 + 20 AD >5.5 (M) nd 
Italy 
Mt. Etna 1989 3.3 (M) <4 
Mt. Etna 1991 3.3 (M) <6 
Mean ± sigma; n = 19(l) 3.9 ± 0.8   


(a) Modified from Hackett et al. (1995) 
(b) Worldwide dike-injection events associated with mafic magma except Mono craters which is 


associated with silicic magma and for Mt. Etna which is associated with intermediate magma. 
Composition of magma for New Zealand episodes are unknown. 


(c) An episode of dike-injection and associated seismicity having a known beginning and end. 
 


(d) Maximum magnitude reported for the dike-injection event. Magnitudes: ML – Local or Richter; 
Mc – Coda; MJMA – Japan Meteorological Agency; mb – Body-wave; Ms – Surface-wave. No 
definition of magnitude scale was reported for values without magnitude designation. 
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 Table 2.6-7 Sheet 2 of 2 
Maximum Magnitudes and Focal Depths of Earthquakes Associated with Dike Injection(a) 


(e) Depth range of volcanic seismicity and maximum magnitude earthquake associated with the 
dike-injection event. 


(f) Einarsson (1991) reports earthquakes of magnitude ≥5.0 are usually associated with caldera 
deflation events and magnitude ≤4.0 with dike injection at Krafla 


(g) Code magnitudes greater than amplitude magnitudes for these events (Nakata et al., 1982; 
Tanigawa et al., 1981, 1983). 


(h) This earthquake is interpreted to have triggered magma movement, but was part of an 
earthquake swarm that began about 10 days prior to a dike-fed submarine eruption (10, 11, 12). 


(i) Associated with or triggered by dike intrusion, or possibly associated with tectonic subsidence of 
the basin (15). 


(j) Minimum estimate of the largest of five historic earthquakes based on liquefaction deposits 
produced by earthquakes equivocally associated with dike intrusion or tectonic faults (16). 


(k) Mean and one standard deviation computed based on magnitudes as presented without Mono 
Craters because it’s a minimum estimate. 


nd No data obtained 
Table developed from information reported in TMI-2 ISFSI SAR (Ref. 2-1) 
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Table 2.6-8 
Maximum Magnitudes Based on Rupture Areas of Normal Faults 
and Fissures in Eastern Snake River Plain Volcanic Rift Zones 


Fault Widths Rupture Areas 
Moment 


Magnitudes(c) 


Normal Faults or Fissures 


Surface 
Length – 
SL (km) 


Depth to 
Dike Top(a) – 


DDT (km) 


Level of Neutral 
Buoyancy(b) – 


LNB (km) 
Sl x DDT 


(km2) 
SL x LNB 


(km2) M M 
11.5 E 6.9 46.0 4.9 5.7 Kings Bowl, Fissures(d) 
14.0 M 


0.6 4.0 
8.4 56.0 5.0 5.8 


19.0 E 19.0 76.0 5.3 5.9 South of New Butte, Fissures(d) 
22.0 M 


1.0 4.0 
22.0 88.0 5.4 6.0 


Southeast of New Butte, Fissures(d) 11.0 1.0 4.0 11.0 44.0 5.1 5.7 
Railroad Monocline, Fault(e) 5.0 0.2 4.0 1.0 20.0 4.1 5.3 
Jaylin Monocline Fault(e) 3.2 nc 4.0 nc 12.8 nc 6.4 
Box Canyon, Fault(e) 3.0 0.2 4.0 6.0 12.0 4.8 5.6 
East-West, Fault(e) 0.7 nc 4.0 nc 2.8 nc 5.6 
Southeast Butte City, Fissure(e) 0.7 nc 4.0 nc 2.8 nc 5.6 
Northwest of Tea Kettle Butte, Fissure(e) 2.3 nc 4.0 nc 9.2 nc 6.2 
Northeast of Sixmile Butte, Fissure(e) 1.2 nc 4.0 nc 4.8 nc 5.9 
Northeast of Tea Kettle Butte, Fissure(e) 0.3 nc 4.0 nc 1.2 nc 5.2 
East of Tea Kettle Butte, Fissure(e) 0.5 nc 4.0 nc 2.0 nc 5.4 
Northwest of Sixmile Butte, Fissure(e) 1.1 nc 4.0 nc 4.4 nc 5.8 
Kath Fissure(e) 0.6 nc 4.0 nc 2.4 nc 5.5 
NRF Fissure(e) 1.5 nc 4.0 nc 6.0 nc 6.0 


4.0 E 4.0 3.2 16.0 4.5 5.3 Hells Half Acre, Fissures(e) 
15.0 M 


0.8 
4.0 12.0 60.0 5.1 5.8 


Lapoint Monocline, Fissure(e) 1.4 nc 4.0 nc 5.6 nc 5.9 
East of Morgan Crater, Fault(f) 11.7 0.5 4.0 5.9 46.8 4.8 5.7 
North of Morgan Crater, Fault(f) 9.2 1.3 4.0 12.0 36.8 5.1 5.6 
West of High Point Butte, Fault(f) 10.0 1.0 4.0 10.0 40.0 5.1 5.6 
Antelope Flat, Fault(f) 11.0 1.7 4.0 18.7 44.0 5.3 5.7 
South of Antelope Flat, Fault(f) 3.7 0.3 4.0 1.1 14.8 4.1 5.2 


Mean ±1 sigma; n = 11; n = 22 4.9±0.4 5.7±0.3 
E – Exposed surface length; corresponding magnitude not used to estimate the man value. 
M – Maximum surface length estimated from extrapolation of fissures beneath younger lava flows. 
nc – Not calculated because only one fissure or fault exposed, and therefore the depth to the dike top could not be estimated. 
(a) Maximum depth calculated using: d=1/2W; where d=depth to dike top; W-width of graben (Pollard et al., 1983; Mastin and 


Pollard, 1988). 
(b) Depth extent based on Ryan (1987) and Rubin (1992) 
(c) Magnitudes calculated using M=4.07+0.98*Log(RA); where M=moment magnitude; RA=rupture area. Magnitudes are 


extrapolated if less the constant in the equation (Wells and Coppersmith, 1994). 
(d) Surface lengths obtained from Kuntz et al. (1988) 
(e) Surface lengths obtained from Bolder Associates (1992a). 
(f) Surface lengths obtained from aerial photographs and topographic maps. 
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 Table 2.6-9 Sheet 1 of 2
Probabilistic Seismic Hazard Studies Applicable to the INTEC 


Peak Horizontal 
Acceleration (g) Seismic Hazard 


Study Methodology Input Parameters Bedrock Soil 
Agbabian Associates 
1977 (2.178) 


Calculated the probability of 
experiencing the design earthquake 
during the service life of the facility. 
Calculation procedure uses the 
mathematical model by Der-
Kiureghian and Ang (1977). 
Evaluation performed for the NWCF 
site at the ICPP located 320 m from 
the ISFSI site. 


Three source areas located around 
the Eastern Snake River Plain 
having maximum magnitudes (6.75-
7.5) corresponding to Modified 
Mercalli Intensities (MMI) IX-X, 
recurrence intervals based on the 
historical earthquake record, and 
intensity attenuation relationships 
developed from five regional 
earthquakes. 


0.4/MMI VIII-IX 
(0.01% chance 
of exceedance 
in 100 years) 


None 


Tera Corporation 
1984 


Calculated probabilities of peak 
horizontal accelerations with return 
periods of 100, 1,000, and 10,000 
yrs. Procedure uses the Tera (1978) 
model based on the work of Mortgat 
et al. (1977) and Mortgat and Shah 
(1979). Analysis done for Argonne 
National Laboratory site, but hazard 
maps include the ICPP. 


Nine source regions, three are the 
major range-bounding faults 
northwest of the Eastern Snake 
River Plain. Magnitudes range 6.5-
7.75 and recurrence based on 17 
years of earthquake data. 
Attenuation based on Campbell 
(1982) and Tera (1984) with 
Qo=450, η=0.2 outside the Eastern 
Snake River Plain; Qo=150, η=0.55 
inside the Eastern Snake River 
Plain. 


0.18 
(1,000 yrs) 


0.30 
(10,000 yrs) 


None 


Woodward-Clyde 
Federal Services 
1996  


Calculated annual exceedance 
probabilities (500, 1,000, 2,000, and 
10,000) for peak horizontal 
accelerations. Procedures are based 
on Cornell (1968) and Youngs and 
Coppersmith (1990). Results are in 
the form of mean peak horizontal 
acceleration and uniform hazard 
spectra for rock. Evaluation 
performed for the ICPP. 


Source zones: basin and range 
faults, M6.5-7.75 volcanic rift zones, 
M4.5-5.5; Eastern Snake River Plain 
background seismicity, M5-6; 
northern basin and range 
background seismicity, M6.25-6.75. 
Recurrence based on earthquake 
catalog 1884-1992. Attenuation 
includes four empirical relationships 
unmodified for style of Faulting 
factors and stochastic numerical 
modeling (Δσ=75 bars; Vs=3.55 
km/sec; ρs=2.7 gm/cm3; Qo=150; 
and η=0.6. Site response Vs and Vp 
measured in boreholes drilled at 
ICPP and INL) 


0.10 
(1,000 yrs) 


0.13 
(2,000 yrs) 


0.22 
(10,000 yrs) 


None 
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 Table 2.6-9 Sheet 2 of 2 
 Probabilistic Seismic Hazard Studies Applicable to the INTEC 


Peak Horizontal 
Acceleration (g) Seismic Hazard 


Study Methodology Input Parameters Bedrock Soil 
Woodward-Clyde 
Federal Services 
1999 
(Ref. 2-171) 


Developed seismic design 
parameters for the ISFSI site. 
Procedures include: deaggregation 
of mean uniform hazard spectra and 
adjustment of the normalized 
spectral shapes to produce bedrock 
response spectra; soil response 
analysis using a frequency-domain 
equivalent-linear formulation (Silva 
et al.); and development of 
acceleration time histories by 
combining a Fourier amplitude 
spectrum with a phase spectrum 
from an observed strong ground 
motion record based on (Silva and 
Lee, 1987). Results in the form of 
peak horizontal and vertical 
accelerations for soil, smoothed 
response spectra and time histories. 


Recomputed the seismic hazard 
using extensional empirical 
attenuation relationships and 
stochastic numerical modeling 
(Δσ=50 bars; Vs=3.55 km/sec; 
Ps=2.7 gm/cm3; Qo=150; and η=0.6. 
Site response Vs and Vp measured 
in boreholes drilled at TMI-2 ISFSI 
and INTEC. Soil analysis includes 
depths ranging 20m and shear wave 
velocities consistent with Table 2.6-
11 obtained from boreholes drilled at 
the TMI-2 ISFI site. 


0.09 
(1,000 yrs) 


0.11 
(2,000 yrs) 


0.18 
(10,000 yrs) 


0.18(a) 
(1,000 yrs) 


0.22 
(2,000 yrs) 


0.36 
(10,000 yrs) 


Payne et al. 
(Ref. 2-178) 


Developed horizontal and vertical 
design basis earthquake (DBE) 
response spectra based on the 
URSG-WCFS [2.179] rock UHS. 
The rock UHS was adjusted for a 
2,500-yr return period. The DBE 
response spectral shapes 
incorporate broadened regions of 
the peak accelerations, velocities, 
and displacements defined by the 
rock UHS. 


Smoothed horizontal rock UHS and 
vertical to horizontal (V/H) ratio 
developed by URSG-WCFS 
(Ref. 1-179). 


0.12(b) 
(2500 yrs) 


0.19 
(10,000 yrs) 


 


Table developed from information presented in TMI-2 ISFSI SAR (Ref. 2-1). 
(a) Peak vertical accelerations for soil are 0.14g (1,000 yrs), 0.17 g (2,000 yrs), and 0.28g (10,000 yrs). 
(b) Peak vertical accelerations for rock are 0.09g (2,500 yrs) and 0.14g (10,000 yrs). 
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Table 2.6-10 
Estimated Volcanic-Recurrence Intervals and Corresponding Annual Eruption  


Probabilities (in parentheses) for Volcanic Zones and Boreholes of the INL Area 


Volcanic Zone or 
Borehole Data Sources 


Time Interval of 
Volcanism (yrs 
before present) 


Number of Vents, 
Fissures or Flow 


Groups Comments 


Estimated 
Recurrence 


Interval 
Great Rift (25 km 
southwest of INL) 


Kuntz et al., 
1986, 1988 


2,100 - 15,000 yrs 
(radiocarbon dating) 


> 100 vents 
8 Holocene eruptive 
periods (each lasting a 
few decades or centuries, 
and each including 
multiple flows and 
cones). 


No impact on INL; 
Most recently and frequently 
active of all ESRP rift zones; 
thus provides minimum-
recurrence for entire ESRP; 
most probable area of future 
ESRP volcanism could affect 
much of southern INL; most 
recently and frequently active 
of all volcanic zones that could 
impact INL 


2, 000 yrs 
(5 x 10-4 / yr) 


Axial Volcanic Zone 
(southern INL) 


Kuntz et al., 
1986, 1994 


5,000 - 730,000 yrs 
(K-Ar dating; 
radiocarbon; 
paleomagnetic data) 


73 vents & fissure sets 
4 Holocene lava fields 
3 of them shared by 
volcanic rift zones 
45 cogenetic vent/fiss 
gps  


 16,000 yrs 
(6.2 x 10-5 / yr) 


Arco 
Volcanic Rift Zone 
(southwestern INL) 


Kuntz, 1978; 
Smith et al., 
1989; Kuntz et 
al., 1994 


10,000 - 600,000 yrs 
(radiocarbon, K-Ar 
and TL dating; 
paleomagnetic data) 


83 vents & fissure sets 
2 Holocene lava fields 
35 cogenetic vent/fiss 
gps 


Volcanism could affect 
southwestern INL 


17,000 yrs 
(5.9 x 10-5 / yr) 


Lava Ridge-Hells Half 
Acre Volcanic Rift Zone 
(includes Circ 
Butte/Kettle Butte volc 
rift zone)(north & 
eastern INL) Howe-
East Butte Volcanic Rift 
Zone (central INL) 


Kuntz et al., 
1986, 1994 


5,000 - 1,200,000 yrs 
(K-Ar dating; 
radiocarbon; 
paleomagnetic data) 


48 vents & fissure sets 
1 Holocene lava field: 
Hells Half Acre 
30 cogenetic vent/fiss 
gps 


Could affect northern and 
eastern INL: extremely long 
eruptive history; includes 
oldest and youngest basalts in 
the INL area 


40,000 yrs 
(2.5 x 10-5 / yr) 


 Kuntz, 1978, 
1992; Golder 
Associates, 
1992a 


230,000 - 730,000 
yrs (K-Ar dating; 
paleomagnetic data) 


7 vents & fissure sets; no 
Holocene features 
5 cogenetic vent/fissure 
groups 


Old, poorly exposed and 
sediment-covered; identified in 
part by subsurface 
geophysical anomalies 


100,000 yrs 
(1.0 x 10-5 / yr) 


Borehole (NPR Site E 
(south-central INL) 


Champion et 
al., 1988 


230,000 - 640,000 
yrs (K-Ar dating; 
paleomagnetic data) 


9 lava-flow groups (each 
group contains multiple 
flows, erupted over a 
short time) 


Dates from 600-foot interval of 
subsurface lavas give 
recurrence estimate consistent 
with surficial geology of the 
area 


45,000 yrs 
(2.2 x 10-5 / yr) 


Borehole RWMC 77-1 
(southwestern INL) 


Kuntz, 1978; 
Anderson & 
Lewis, 1989 


100,000 - 565-000 
yrs (K-Ar and TL 
dating; 
paleomagnetic data) 


11 lava-flow groups (each 
group contains multiple 
flows, erupted over a 
short time) 


Dates from 660-foot interval of 
subsurface lavas give longer 
recurrence interval than 
nearby Arco & Axial zones, 
reflecting flow-group 
(subsurface) vs. vent-counting 
(surface geology) approaches 


45,000 yrs 
(2.2 x 10-5 / yr) 
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Table 2.6-11 
Strain-Iterated Dynamic Soil Properties 


 Mean -σ Strain-Iterated Profile Mean Strain-Iterated Profile Mean +σ Strain-Iterated Profile 


 Depth (ft) G (ksf) Vs (ft/s) Vp* (ft/s) 
Damping 


(%) G (ksf) Vs (ft/s) Vp* (ft/s) 
Damping 


(%) G (ksf) Vs (ft/s) Vp* (ft/s) 
Damping 


(%) 
Unit Weight 


(pcf) 
Soil 0-2.5 1696 675 1339 1.88 3097 912 1810 1.65 5655 1232 2445 1.44 120 
Soil 2.5–5.5 4973 1132 2247 1.97 7566 1396 2772 1.74 11512 1722 3419 1.54 125 
Soil 5.5–8.5 4781 1110 2203 2.43 7375 1378 2736 2.06 11376 1712 3398 1.75 125 
Soil 8.5–11.5 4606 1089 2162 2.86 7188 1361 2701 2.35 11216 1700 3375 1.94 125 
Soil 11.5–14.5 4432 1068 2121 3.31 7006 1343 2667 2.63 11075 1689 3353 2.10 125 
Soil 14.5–17.5 4274 1049 2083 3.72 6833 1327 2634 2.90 10925 1678 3330 2.26 125 
Soil 17.5–20.5 4145 1033 2051 4.08 6685 1312 2605 3.14 10781 1666 3308 2.41 125 
Soil 20.5–23.5 4378 1062 2108 3.05 6942 1337 2655 2.40 11008 1684 3343 1.89 125 
Soil 23.5–27 4404 1065 2115 3.24 6999 1343 2666 2.53 11123 1693 3360 1.97 125 


Rock > 27 28808 2671 5192 3.10 50926 3552 6903 3.09 90025 4722 9178 3.07 130 


* For soil, based on Poisson’s ratio=0.33 


 For rock, based on Poisson’s ratio=0.32 
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 Table 2.6-12 Sheet 1 of 2 


Properties of Soil (Sediments) and Bedrock at INTEC 


Unit of Depth of 
Occurrence 


Classification 
(USGS) 


Dry Density 
(lbs/ft3) 


Moisture 
Content (%) 


Relative 
Density (%) 


Porosity 
(%) Strength Characteristics VP Ft/s (m/s) VS Ft/s (m/s) Damping 


110-123 1-8 36-98 29 C=0; F=43 2000(610) 1000 (300) 0.5%@10-4% strain 
15%@10-1% strain 


131.5 – 133 6  29 C=0; F=38-43 2000 (610)- 
2300 (700) 


1000 (300)- 
1150 (350) 


 


117-142 2-20 13-100  C=0; F=38° 3300 (1000) 1400(425) 1%@10-4% strain 
98-135     1600 (490)- 


1700 (520) 
500 (150) 
900 (275) 


 


Upper Alluvial 
Soils (0-20 ft) 


Sandy Gravel (GW) 


     3665 (1120)- 
5600 (1700) 


650 (200) 
1700 (520) 


 


112-123 1-8 49-98 29 C=0; F=43 (gravel); F=35 
(sand) 


2300(700) 1150 (350) 10-4%@0.5% strain 
10-1%@15% strain 


131.5 – 133 6  29 C=0; F-38-43 2000 (610)- 
2300 (700) 


1000 (300)- 
1150 (350) 


 


117-142    C=0, F=38°; (compacted 
gravel) 


3300 (1000) 1400 (425) 1%@10-4% strain 


Lower Alluvial 
Soils (20-40 ft) 


Sandy Gravel (GW) 
and Poorly Graded 
Sand (SP) 


     2500 (760)- 
3000 (910) 


1400 (425)- 
1600 (490) 


 


92-110 17-23  39 C=650-5000 psf; F=0-25° 2600 (790) 1150 (350) Similar to lower alluvial soils Clay Soils (0-14 ft) 
(variable just 
above bedrock) 


Sandy Clay Silty Clay 
(CL) Sandy Silt to 
Clayey Sand (ML-SC) 109 17  39 C=0-1500 psf; F=25-38° 2600 (790) 1150 (350)  


136-163    6-17x105 psf; Uniax. 
Comp. Strength 


6800 (2070) 3500 (1070)  


140-165    1.3-1.7x106 psf; Uniax. 
Comp. Strength 


6800 (2070) 3500 (1070)  


     9000 (2740)- 
10000 (3050) 


4000 (1200)- 
5500 (1670) 


 


     7500 (2300) 4000 (1200)  


Basalt Bedrock 
(>40 ft) 


Vesicular olivine 
basalt 


    5-16 x 105 psf 9200 (2800) 3900 (1200) 1% 
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 Table 2.6-12 Sheet 2 of 2 
Properties of Soil (Sediments) and Bedrock at INTEC 


Unit and Depth of 
Occurrence Shear Modulus (G) Poissons Ratio (n) 


Static Modulus of 
Elasticity (E) Bulk Modulus (K) 


Consolidation 
Characteristics Location 


2.2 x 106 psf 
5.5 x 105 psf 


0.32 1.8x106 psf @ 5000 psf load 
2.5x106 psf @ 10000 psf load 


1.7x106 psf @ 5000 psf 
2.3x106 psf @ 10000 psf 


Elastic-Dependent on E New Waste Calcining Facl. 


6.8x105 psf @ 5000 psf 0.32 
9.5x105 psf @ 10000 psf 


 1.8x106 psf @ 5000 psf load 
2.5x106 psf @ 10000 psf load 


 Cv=0.012; Cc=0.015 7th Bin Set & FPR 


8.2 x 106 psf 0.39 2.2x107 psf  Slightly compressible SIS 
1.1x106 to 3.1x106 psf 
dynamic max. (Gmax) 


0.27 - 0.30 (dynamic) 2.9x106 to 8.1x106 psf (dynamic   HLWTF Replacement 


Upper Alluvial Soils 
(0-20 ft) 


 0.41 - 0.45    FFTF 
 0.32 1.8x106 psf @ 5000 psf load 


2.5x106 psf @ 10000 psf load 
1.7x106 psf @ 5000 psf 
2.3x106 psf @ 10000 psf 


Elastic – Dependent on E New Waste Calcining Facl. 


6.8x105 psf @ 5000 psf 0.32 
9.5x105 psf @ 10000 psf 


 1.8x106 psf @ 5000 psf load 
2.5x106 psf @ 10000 psf load 


 Cv=0.012; Cc=0.015 7th Bin Set & FPR 


8.2 x 106 psf 0.39 1x106 to 3x106 psf  Slightly compressible SIS 
7.6x106 to 9.9x106 psf 
dynamic max. (Gmax) 


0.27 - 0.30 (dynamic) 1.9x107 to 2.57x107 psf 
(dynamic) 


  HLWTF Replacement 


Lower Alluvial Soils 
(20-40 ft) 


 0.41 - 0.45    FFTF 
Similar to lower Alluvial soils 0.38   Cv=0.03 7 @ 0-5000 psf load 


Cv=0.065 @ 5000-10000 psf 
New Waste Calcining Facl. Clay Soils (0-14 ft) 


(variable just above 
bedrock) 4.3x105 psf @ 8000 psf  1.2x106 psf @ 8000 psf 1.6x106 psf; @ 8000 psf Cv=0.001; Cc=0.016 7th Bin Set & FPR 


 0.18-0.25 (calc) 1.3-3.1 x 108 psf 
1.9-4.5x108 psf 


1.6-3.7x108 psf Relatively incompressible New Waste Calcining Facl. 


0.99-2.2x108 psf 
0.73-1.7x108 psf 


0.115-0.136 2.1-5.9 x 108 psf 1.6-3.7x108 psf Relatively incompressible 7th Bin Set & FPR 


7.4x107 to 1.41x108 psf 0.28-0.38 (dynamic) 2.1-3.6 x 108 psf (dynamic)   HLWTF replacement 


 0.25-0.30    FFTF 


Basalt Bedrock 
(>40 ft) 


7.1x107 psf 0.39 2.0x108 psf  Incompressible SIS 
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Table 2.6-13 
Hazards Associated with Basaltic Volcanism on the Eastern Snake River Plain 


Phenomenon Frequency Area Comments 
Lava flow Common 0.1 km2 to 400 km2 in 


area, up to 25 km 
length based on sizes 
of ESRP lava flows of 
the past 400,000 years 


Significant hazard; typical 
basaltic phenomenon; lava 
from fissures or shield 
volcanoes may inundate large 
areas downslope of vents 


Ground deformation: 
fissuring, faulting and 
uplift 


Common; associated 
with virtually all shallow 
magma intrusion and 
eruption 


Fissuring could affect 
areas to 2 x 10 km; 
minor tilting & broad 
uplift in areas to 5 x 20 
km 


Significant hazard; due to 
shallow dike intrusion; “dry” 
intrusion may occur without 
lava flows; affects smaller 
areas than for lava inundation


Volcanic earthquakes Common; associated 
with magma intrusion 
before and during 
eruption 


Maximum M = 5.5 and 
most events M < 4; 
ground vibration may 
affect facilities within 25 
km 


Low to moderate hazard; 
swarms of shallow 
earthquakes (<4 km focal 
depth) occur as dikes 
propagate underground 


Gas release(toxic and 
corrosive vapors) 


Common; associated 
with fissuring and lava 
eruption 


Restricted to near-vent 
areas; may affect 
several-square-km area 
downwind 


Low hazard; local plume of 
corrosive vapor, downwind 
from eruptive vent or fissure; 
cooled vapors may collect in 
local topographic depressions


Tephra fall (volcanic 
ash and bombs) 


Uncommon As per gas release Low hazard; basaltic 
eruptions are inherently 
nonexplosive and may form 
small tephra cones but little 
fine ash to be carried 
downwind  


Base surge(ground-
hugging blast of steam 
and tephra) 


Rare Effects limited to radius 
of several km from vent; 
< 10 km2 area 


Low hazard; steam 
explosions due to interaction 
between ascending magma 
and shallow groundwater; 
water table too deep under 
most of INL 


Tephra flow (ground-
hugging flow of hot, 
pyroclastic material) 


Extremely rare Near vent; may affect 
area < 1 km2 


Low hazard; as per tephra fall 
but affecting even smaller 
areas 
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Table 2.6-14 
Thicknesses of Air-Fall Ash Deposits in the Eastern Snake River Plain 1 


Ash 
Thickness 


(cm) 
Approximate Age 


(years before present) Location 2 


St Helens Y, Cascades 0.5 3,400 Lake Cleveland (1) 


Mazama, Cascades 0.5 7,700 Lake Cleveland (1) 


Mazama, Cascades 0.5 7,700 Middle Butte Cave (2) 


Mazama, Cascades trace 7,700 Rattlesnake Cave (3) 


Mazama, Cascades trace 7,700 Owl Cave (4) 


Mazama, Cascades trace 7,700 Lost Trail Pass Bog (5) 


Mazama, Cascades 1-2 7,700 Moonshiner Cave (6) 


Mazama, Cascades 0.5-2 7,700 Lost River Fault Trench (7) 


Mazama, Cascades 2-3 7,700 Raft River (8) 


Glacier Peak B, Cascades trace 14360 + or - 400 Cub Crook Pond (9) 


Glacier Peak B, Cascades trace 11,250 Lost Trail Pass Bog (5) 


Unknown 3  2-5 no date given Mackay (10) 


Unknown 0.5 14,500 Middle Butte Cave (2) 


Yellowstone less than1 75,000 Arco (11) 


Mt. Jefferson, Cascades less than1 75,000 Arco (11) 


Bluff Point, Yellowstone 2 150,000 Gay Mine (12) 


Lassen Peak, Cascades 1-2 450,000 Warm Spring gulch (13) 


Lava Creek, Yellowstone trace 620,000 Gay Mine (12) 


Lava Creek, Yellowstone 0.5 620,000 Michauld Quadrangle (14) 


Lava Creek, Yellowstone trace 620,000 Thatcher Hill Quadrangle (15)


Bishop 4 trace 720,000 Gay Mine (12) 


Huckleberry Ridge, 
Yellowstone 


trace 2 million Thatcher Hill Quadrangle (15)


Notes: 
1 Table has been reproduced with minor revisions based on information in Table 7 of Volcanism 


Working Group (1990) Draft Final Report Assessment of Potential Volcanic Hazards for New 
Production Reactor Site at the Idaho National Engineering Laboratory, Lawrence Livermore National 
Laboratory, October 31,1990. 


2 Location numbers in parentheses are used in Figure 2.6-64. 
3 Listed in original table as “Glacier Peak B?” Without a date, its provenance is considered unknown. 
4 Listed in original table as “Bishop, Yellowstone”. Date suggests this is from the Bishop eruption in 


the Mammoth Lakes area of California. (Izett, G.A. (1981) Volcanic Ash Beds:  Recorders of Upper 
Cenozoic Silicic Pyroclastic Volcanism in the Western United States. Journal of Geophysical 
Research, Vol. 86. No. B11. pp.10200-10222.) 
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Table 2.6-15 
Probabilities of Various Volcanic Ash-Producing Events That May Affect the ISF 


Facility Site 


Scenario 


Approximate Annual 
Probability of Given 


Scenario Reference 


Silicic eruption with in tens of kilometers of proposed site less than 4 x 10-6 2-199 


Local silicic eruption producing ash-fall affecting 
proposed site 


10-7 2-199, 2-197 


Basaltic eruption within tens of kilometers of site (this 
type of eruption is unlikely to produce ash) 


3 x 10-5 to 4 x 10-6 2-199 


Basaltic eruption producing ash-fall affecting proposed 
site 


less than 10-7 2-199, 2-200 


Ash-fall from volcano 100-400 km from site (Yellowstone) 2 x 10-6 2-198, 2-199 


Ash-fall from Yellowstone greater than 8 cm thick at 
proposed site 


10-7 2-198, 2-201 


Ash-fall from Cascade volcano of 1 cm or more at 
proposed site 


5 x 10-3 2-202 


Ash-fall from Cascade volcano of 10 cm or more at 
proposed site 


10-6 2-202 


Ash-fall from Cascade volcano greater than 8 cm at 
proposed site 


10-6 2-202, 2-205,  
2-207 
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 figure 2.1-01 (9901).doc  


Figure 2.1-1 
Location Map of the INL 
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figure 2.1-02 (9902).doc  


Figure 2.1-2 
INL Vicinity Map (with 50-mile radius line) 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ICPP is an earlier name for the 
INTEC, which is adjacent to the ISF Facility site. 
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figure 2.1-03 (9903).doc   


Figure 2.1-3 
Map of INL 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ICPP is an earlier name for the 
INTEC, which is adjacent to the ISF Facility site. 
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figure 2.1-04 (9904).doc  


Figure 2.1-4 
Aerial View of INTEC Showing ISF Facility Site (looking north) 


ISF Facility 
Location
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figure 2.1-05 (9905).doc  


Figure 2.1-5 
INTEC Area Plot and Location of ISF Facility Site 


ISF site boundary 
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figure 2.1-06 (9906).doc  


Figure 2.1-6 
INTEC Area Topographical Map 


*Elevation from 1986 flood study datum. 
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figure 2.1-07 (9907).doc  


Figure 2.1-7 
Location of the INL in Southeastern Idaho 
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figure 2.1-08 (9908).doc  


Figure 2.1-8 
INL Map with Major Drainages 


 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ICPP is an earlier name for the 
INTEC, which is adjacent to the ISF Facility site. 
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figure 2.1-09 (9909).doc  


Figure 2.1-9 
Distances from the ISF Site to the INL Boundary 


 


 ISF SITE 


Controlled area 
boundary 
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figure 2.1-10 (9910).doc  


Figure 2.1-10 
Approximate Distribution of Vegetation at the INL 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ICPP is an earlier name for the 
INTEC, which is adjacent to the ISF Facility site. 
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figure 2.1-11 (30000-1-1_chp2).doc  


Figure 2.1-11 
ISF Facility Site Plan 
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figure 2.1-12 (9912).doc     


Figure 2.1-12 
2000 Census Population Distribution Within 50 Miles of the ISF Facility 
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figure 2.1-13 (9913).doc  


Figure 2.1-13 
Selected Land Uses at the INL Site and Surrounding Region 


 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ICPP is an earlier name for the 
INTEC, which is adjacent to the ISF Facility site. 
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figure 2.2-01 (9921).doc  


Figure 2.2-1 
INL Primary Facility Areas 


(showing 5-mile radius from ISF Facility site) 
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figure 2.3-01 (9949).doc  


Figure 2.3-1 
Relief Map of the Eastern Snake River Plain 
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figure 2.3-02 (9931).doc  


Figure 2.3-2 
Average Monthly Subsoil Temperatures (°F) Sandy Soil Surface 
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figure 2.3-03 (9950).doc   


Figure 2.3-3 
Average Monthly Subsoil Temperatures (°F) Asphalt Surface 
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figure 2.3-04 (9932).doc  


Figure 2.3-4 
Topographic Map of the INL Area 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ISF Facility site is adjacent to the 
INTEC depicted on the figure. 
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figure 2.3-05 (9933).doc   


Figure 2.3-5 
Topographical Cross-Sections for TMI-2 ISFSI 50-Mile Radius, North and East Radials 
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figure 2.3-06 (9934).doc   


Figure 2.3-6 
Topographical Cross-Sections for TMI-2 ISFSI 50-Mile Radius, South and East Radials 
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figure 2.3-07 (9935).doc   


Figure 2.3-7 
Topographical Cross-Sections for TMI-2 ISFSI Site 


50-Mile Radius, South and West Radials 
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figure 2.3-08 (9936).doc   


Figure 2.3-8 
Topographical Cross-Sections for TMI-2 ISFSI 


50-Mile Radius, North and West Radials 
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figure 2.3-09 (9937).doc  


Figure 2.3-9 
Topographical Cross-Sections for TMI-2 ISFSI Site 


5-Mile Radius, North and East Radials 
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figure 2.3-10 (9938).doc   


Figure 2.3-10 
Topographical Cross-Sections for TMI-2 ISFSI Site 


5-Mile Radius, South and East Radials 


 







ISF FACILITY 
Safety Analysis Report Rev. 4
 


figure 2.3-11 (9939).doc   


Figure 2.3-11 
Topographical Cross-Sections For TMI-2 ISFSI Site 


5-Mile Radius, South And West Radials 
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figure 2.3-12 (9940).doc   


Figure 2.3-12 
Topographical Cross-Sections for TMI-2 ISFSI Site 


5-Mile Radius, North and West Radials 
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figure 2.3-13 (9941).doc  


Figure 2.3-13 
Grid 3 – 10 Meter Level Annual Wind Roses (1980-1982) 
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figure 2.3-14 (9942).doc   


Figure 2.3-14 
Grid 3 – 10- Meter Level Annual Wind Roses (1980-1982) 
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figure 2.3-15 (9943).doc    


Figure 2.3-15 
Grid 3 – 61 Meter Level Annual Wind Roses (1980-1982) 
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; figure 2.3-16 (9944).doc   


Figure 2.3-16 
Grid 3 – 61 Meter Level Annual Wind Roses (1980-1982) 
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figure 2.3-17 (9945).doc  


Figure 2.3-17 
Wind Observation Locations within a 50-Mile Radius of the ISF Site 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ICPP is an earlier name for the INTEC, 
which is adjacent to the ISF Facility site. 
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figure 2.3-18 (9951).doc   


Figure 2.3-18 
σz versus Distance at INL 


 


Figure developed from data presented in TMI-2 ISFSI SAR (Ref. 2-1) 
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figure 2.3-19 (9952).doc  


Figure 2.3-19 
σy versus Distance at INL 


 


Figure developed from data presented in TMI-2 ISFSI SAR (Ref. 2-1) 
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figure 2.3-20 (9946).doc  


Figure 2.3-20 
Annual Normalized Concentration (s/m3 x 10-9) – 50-Mile Radius 


(INTEC 1982) 


 


Figure developed from data presented in TMI-2 ISFSI SAR (Ref. 2-1) 
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figure 2.3-21 (9947).doc  


Figure 2.3-21 
Annual Normalized Concentration (s/m3 x 10-9) – 5-Mile Radius 


(INTEC 1982) 


 


Figure developed from data presented in TMI-2 ISFSI SAR (Ref. 2-1) 
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figure 2.3-22 (9955).doc  


Figure 2.3-22 
Annual Normalized Total Integrated Concentration (h2/m3 x 10-9) 


(INTEC 1980) 


 


Figure developed from data presented in TMI-2 ISFSI SAR (Ref. 2-1) 
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figure 2.3-23 (9953).doc  


Figure 2.3-23 
Annual Normalized Total Integrated Concentration (h2/m3 x 10-9) 


(INTEC 1981) 


 


Figure developed from data presented in TMI-2 ISFSI SAR (Ref. 2-1) 
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figure 2.3-24 (9954).doc  


Figure 2.3-24 
Annual Normalized Total Integrated Concentration (h2/m3 x 10-9) 


(INTEC 1982) 


 


Figure developed from data presented in TMI-2 ISFSI SAR (Ref. 2-1) 
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figure 2.3-25 (9948).doc  


Figure 2.3-25 
Annual Normalized Total Integrated Concentration (h2/m3 x 10-9) 


(INTEC 1974-1983) 


 


Figure developed from data presented in TMI-2 ISFSI SAR (Ref. 2-1) 
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figure 2.4-01 (9961).doc  


Figure 2.4-1 
Big Lost River System on the INL 


 


ISF 
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figure 2.4-02 (9962).doc   


Figure 2.4-2 
ISF Facility – Front View 


 


 


 


 
Grade elevation 4917 feet msl 
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figure 2.4-03 (9963).doc  


Figure 2.4-3 
Hydrograph for PMF-Induced Failure of the Mackay Dam 


(Koslow and van Haaften, 1986) 


 







ISF FACILITY 
Safety Analysis Report Rev. 4
 


figure 2.4-04 (9964).doc  


Figure 2.4-4 
Predicted Inundation Area at INL for PMF-Induced Overtopping of Mackay Dam 


(Bennett 1990) 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ICPP is an earlier name for the INTEC, 
which is adjacent to the ISF Facility site. 
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figure 2.5-01 (9971).doc  


Figure 2.5-1 
Relief Map of Idaho with Groundwater Flow Lines 
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figure 2.5-02 (9974).doc  


Figure 2.5-2 
Groundwater Contours and Directions–INL 
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figure 2.5-03 (9972).doc  


Figure 2.5-3 
Map Showing Production Wells–INL 
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figure 2.5-04 (9973).doc  


Figure 2.5-4 
Depth to Water Table–INL 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ICPP is an earlier name for the 
INTEC, which is adjacent to the ISF Facility site. 
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figure 2.6-01 (9981).doc  


Figure 2.6-1 
Physiographic Province Map of the Western United States 
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figure 2.6-02 (9982).doc  


Figure 2.6-2 
Shade Relief Map of Western United States 
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figure 2.6-03 (9983).doc  


Figure 2.6-3 
Map of the Overthrust Belt 
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figure 2.6-04 (9999-5).doc  


Figure 2.6-4 
Map of Trans-Challis Fault Zone and Challis Volcanic Field 
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figure 2.6-05 (9984).doc   


Figure 2.6-5 
Calderas in the Track of the Yellowstone Hotspot 


(Modified from Pierce and Morgan, 1992) 
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figure 2.6-06 (9986).doc  


Figure 2.6-6 
Volcanic Zones on the Eastern Snake River Plain 


 


Axial Volcanic 


Figure adapted from TMI-2 ISFSI SAR (Ref. 2-1). The ISF Facility site is in the same area as theTMI-2 
ISFSI depicted in the figure. 
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figure 2.6-07 (9988).doc  


Figure 2.6-7 
Lithographic Logs of the Four INL Deep Drill Holes 
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figure 2.6-08 (9999-0).doc  


Figure 2.6-8 
Idealized Longitudinal Section of an Eastern Snake River Plain Basalt Lava Flow 
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figure 2.6-09 (9987).doc  


Figure 2.6-9 
Generalized Geological Map of the INL with INTEC Located 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ISF Facility site is adjacent to the INTEC depicted in the figure. 
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figure 2.6-10 (9928).doc  


Figure 2.6-10 
Geologic Cross-Section Through the INTEC-TRA Area Showing Anderson's Interpreted 


Dome 
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figure 2.6-11 (9929).doc  


Figure 2.6-11 
East-West Geologic Cross-Section Through the INTEC-TRA Area 
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figure 2.6-12 (9930).doc  


Figure 2.6-12 
North-South Geologic Cross-Section Through the INTEC-TRA Area 
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figure 2.6-13 (9989).doc  


Figure 2.6-13 
ISF Site Borehole Locations and Elevation Contours 
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figure 2.6-14 (sar-rpt-0012-1).doc  


Figure 2.6-14 
Boring B-1 Log 
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figure 2.6-15 (sar-rpt-0012-2).doc  


Figure 2.6-15 
Boring B-2 Log 


 







ISF FACILITY 
Safety Analysis Report Rev. 4
 


figure 2.6-16 (sar-rpt-0012-3).doc  


Figure 2.6-16 
Boring B-3 Log 
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figure 2.6-17 (sar-rpt-0012-4).doc  


Figure 2.6-17 
Boring B-4 Log 
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figure 2.6-18 (sar-rpt-0012-5).doc  


Figure 2.6-18 
Boring B-5 Log 
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figure 2.6-19 (sar-rpt-0012-6).doc  


Figure 2.6-19 
Boring B-6 Log 
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figure 2.6-20 (sar-rpt-0012-7).doc  


Figure 2.6-20 
Boring B-7 Log 
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figure 2.6-21 (sar-rpt-0012-8).doc  


Figure 2.6-21 
Boring B-8 Log 
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Figure 2.6-22 
Faults, Volcanic Zones, and Historic Earthquakes in the INL Region 


 


figure 2.6-22 (9991).doc  
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Figure 2.6-23 
Seismic Source Zones in the INL Region 


 


figure 2.6-23 (9994).doc  
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Figure 2.6-24 
Principle Stress Orientations Affecting the Eastern Snake River Plain 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ISF Facility site is in the same area as the TMI-2 
ISFSI depicted in the figure. 


figure 2.6-24 (9993).doc  
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Figure 2.6-25 
Strain Rates in the Eastern Snake River Plain and Adjacent Areas 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ISF Facility site is in the same area as the 
TMI-2 ISFSI depicted in the figure. 


figure 2.6-25 (9995).doc  
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Figure 2.6-26 
Intermountain Seismic Belt and Centennial Tectonic Belt Seismicity Map 


 


figure 2.6-26 (9990).doc  
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Figure 2.6-27 
Earthquake Epicenters in the INL Region, 1850-1995 


 


figure 2.6-27 (9992).doc  
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Figure 2.6-28 
Map of INL Seismic Network Stations and Epicenters of Earthquake 


(Within 100 Mile radius of Center of INL, 1972-1995)  


Figure Developed From Data Presented in TMI-2 ISFSI Sar (Ref 2-1) 


figure 2.6-28 (9976).doc  
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figure 2.6-29 (9996).doc  


Figure 2.6-29 
Isoseismal Map for the 1959 Hebgen Lake Earthquake 
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figure 2.6-30 (9977).doc  


Figure 2.6-30 
Isoseismal Map for the 1983 Borah Peak Earthquake 


Figure Developed From Data Presented in TMI-2 ISFSI Sar (Ref 2-1) 
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figure 2.6-31 (9978).doc  


Figure 2.6-31 
Isoseismal Map for the 1905 Shoshone Earthquake 


Figure Developed From Data Presented in TMI-2 ISFSI Sar (Ref 2-1) 
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figure 2.6-32 (9979).doc  


Figure 2.6-32 
Isoseismal Map for the 1975 Pocatello Valley Earthquake 


 


Figure developed from data presented in TMI-2 ISFSI SAR (Ref 2-1) 
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figure 2.6-33 (9997).doc  


Figure 2.6-33 
Isoseismal Map for the 1975 Yellowstone Earthquake 
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figure 2.6-34 (9980).doc  


Figure 2.6-34 
Isoseismal Map for the 1994 Draney Peak Earthquake 


 


Figure developed from data presented in TMI-2 ISFSI SAR (Ref 2-1) 
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figure 2.6-35 (9998).doc  


Figure 2.6-35 
Map of the Southern Lemhi Fault 
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figure 2.6-36 (9999-8).doc  


Figure 2.6-36 
Summary of Paleoseismic Results for the Lemhi Fault (Four Trenches) 


Figure developed from data presented in TMI-2 ISFSI SAR (Ref 2-1) 
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figure 2.6-37 (9927).doc  


Figure 2.6-37 
Comparison of Surface Area of the Howe Segment of the Lemhi Fault to the  


Surface Area of Dike-Induced Normal Faults 
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figure 2.6-38 (tmi 2.6-18).doc  


Figure 2.6-38 
Deep Bore Hole Shear Wave Velocity 
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figure 2.6-39 (9970).doc  


Figure 2.6-39 
Comparison of the PC 3 (2500 years) Horizontal Rock DBE 5% Damped Response 


Spectra with the Adjusted UHS for INTEC, TRA, RWMC, and PBF 


 


 


 


 


0.05 


0.10 


0.15


0.20


0.25


0.35 


0.30 







ISF FACILITY 
Safety Analysis Report Rev. 4
 


figure 2.6-40 (mshannon rock history).doc   


Figure 2.6-40 
Plots of the Acceleration, Velocity, and Displacement Time Histories for One Horizontal 


Component of the PC 3 (2,500 years) Rock DBE Response Spectrum at INTEC, TRA, 
RWMC, and PBF 
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figure 2.6-41 (mshannon rock history2).doc  


Figure 2.6-41 
Plots of the Acceleration, Velocity, and Displacement Time Histories for the Second 


Horizontal Component of the PC 3 (2,500 years) Rock DBE Response Spectrum at INTEC, 
TRA, RWMC, and PBF 
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figure 2.6-42 (9966).doc  


Figure 2.6-42 
Measured Shear Wave Velocities and Basecase Profile 
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figure 2.6-43 (9711).doc   


Figure 2.6-43 
Randomized Shear Wave Velocity Profiles 
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figure 2.6-44 (9965a).doc  


Figure 2.6-44 
Response of 30 Profiles to 2500-Year Input Motion (Horizontal 1) 
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figure 2.6-45 (9965b).doc  


Figure 2.6-45 
Response of 30 Profiles to 2500-Year Input Motion (Horizontal 2) 


 







ISF FACILITY 
Safety Analysis Report Rev. 4
 


figure 2.6-46 (9712).doc  


Figure 2.6-46 
Strain-Iterated Shear Modulus versus Depth 
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figure 2.6-47 (9713).doc  


Figure 2.6-47 
Strain-Iterated Damping Ratio versus Depth 
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figure 2.6-48 (9967).doc  


Figure 2.6-48 
Soil Property Degradation Models 
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figure 2.6-49 (9714).doc  


Figure 2.6-49 
Horizontal Response Spectra of Strain-Iterated Profiles 


(Horizontal 1) 
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figure 2.6-50 (9715).doc   


Figure 2.6-50 
Horizontal Response Spectra of Strain-Iterated Profiles 


(Horizontal 2) 
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figure 2.6-51 (9968a).doc  


Figure 2.6-51 
Comparison of Mean Response Spectra  


(2500-Year Input Horizontal 1) 
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figure 2.6-52 (9968b).doc  


Figure 2.6-52 
Comparison of Mean Response Spectra 


(2500-Year Input Horizontal 2) 
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figure 2.6-53 (9719).doc  


Figure 2.6-53 
Ground Acceleration Time-Histories 


(mean minus one standard deviation) 
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figure 2.6-54 (9720).doc  


Figure 2.6-54 
Ground Acceleration Time-Histories 


(Mean Profile) 


 







ISF FACILITY 
Safety Analysis Report Rev. 4
 


figure 2.6-55 (9721).doc  


Figure 2.6-55 
Ground Acceleration Time-Histories 
(mean plus one standard deviation) 
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figure 2.6-56 (9969).doc  


Figure 2.6-56 
Vertical to Horizontal Spectra Ratio 
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figure 2.6-57 (9716).doc  


Figure 2.6-57 
Vertical Ground Response Spectrum (mean minus one standard deviation) 
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figure 2.6-58 (9717).doc  


Figure 2.6-58 
Vertical Ground Response Spectrum (mean) 
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figure 2.6-59 (9718).doc  


Figure 2.6-59 
Vertical Ground Response Spectrum (mean plus one standard deviation) 


 







ISF FACILITY 
Safety Analysis Report Rev. 4
 


Figure 2.6-60 
INL Volcanic Rift Zones, Axial Volcanic Zones, and Fissures 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ICPP is an earlier name for the INTEC, which 
is adjacent to the ISF Facility site. 


figure 2.6-60 (9999).doc   
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figure 2.6-61 (9999-6).doc  


Figure 2.6-61 
Stress Field and Displacement & Volcanic Rift Zone Structures 
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Figure 2.6-62 
Map of Volcanic Vents and Volcanic Zones with Estimated Recurrence Intervals 


 


Figure is adapted from the TMI-2 ISFSI SAR (Ref. 2-1). The ISF Facility site is adjacent to the INTEC 
depicted in the figure. 


figure 2.6-62 (9999-7).doc  
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figure 2.6-63_r4.doc  


Figure 2.6-63 
Tephra and Gas Hazard Zone Map of the INL Area 


Figure is based on information from Hackett, W.R. and R.P. Smith, 1994; and Kuntz et al., 1994.  The 
ISF Facility site is adjacent to the INTEC depicted in the figure. 







ISF FACILITY 
Safety Analysis Report Rev. 4
 


figure 2.6-64_r4.doc  


Figure 2.6-64 
Ash-Fall Deposits Described in Table 2.6-14 


Figure is from Volcanism Working Group (1990). Locations numbers correspond to localities in 
Table 2.6-14. 
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figure 2.6-65_r4.doc  


Figure 2.6-65 
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3.0 PRINCIPAL DESIGN CRITERIA 


3.1 PURPOSES OF INSTALLATION 


The Idaho Spent Fuel (ISF) Facility is designed for dry, interim storage of various spent nuclear fuel 
(SNF) types until their ultimate transfer to a permanent repository. The SNF is placed in baskets, sealed in 
stainless-steel canisters, and stored within vertical storage tubes. The stored SNF is fully retrievable and 
capable of being transported offsite to a permanent storage facility when it becomes available. 


3.1.1 Materials to be Stored 


The ISF Facility stores three basic types of SNF: Peach Bottom fuel elements, TRIGA, and Shippingport 
reflector modules and rods. The following sections describe the physical and thermal characteristics of 
this material. Table 3.1-1 presents the physical dimensions of the stored fuel types. Chapter 7 describes 
the radiological source terms of the different fuel types and activated non-fuel components. 


In contrast to typical commercial reactor fuels, the effects of temperature and operating conditions on the 
long-term behavior of the fuel cladding are not well documented for the particular fuel types stored at the 
ISF Facility. Furthermore, the DOE has identified some fuels to be stored that are known to be damaged 
(e.g., Peach Bottom fuel with attached removal tools). Therefore, a decision was made not to rely on the 
fuel cladding as a confinement barrier in the design of the ISF Facility. Instead, all fuels will be placed in 
sealed canisters, consistent with the fuel canning requirements in 10 CFR 72.122(h)(1) and Interim Staff 
Guidance 1, Damaged Fuel (Refs. 3-1 and 3-30). Explicit canister, basket, and fuel clad temperature 
limits are identified for handling and storage operations at the ISF Facility. These limits and their bases 
are discussed in Chapter 4. 


3.1.1.1 Peach Bottom Fuel Elements 


Peach Bottom Unit 1 was a graphite-moderated, helium-cooled high-temperature, gas-cooled reactor 
(HTGR) producing 115 megawatts (MW) that operated from March 1966 until October 1974. 
Commercial operation of Core 1 ran from June 1967 until October 1969 for a total of 451.5 effective full 
power days (EFPD), the equivalent of 30,795 MW days per metric ton of initial heavy metal 
(MWd/MTIHM). Core 2 ran from July 1970 until October 1974 for a total of 897.4 EFPD or 
72,717 MWd/MTIHM. Core 1 operated for approximately half of the expected time because of 
unanticipated fuel swelling and cracking. This problem was addressed by using a different fuel particle 
design for Core 2 (Ref. 3-2). 


The basic fuel element, manufactured by GA Technologies, is a solid semi-homogeneous type in which 
graphite serves as the moderator, reflector, cladding, fuel matrix, and structure. As shown in Figure 3.1-1, 
the standard fuel element consists of a bottom connector, sleeve, screen, internal fission product trap 
assembly, lower reflector piece, fuel compacts, spines, burnable poison compacts (in selected elements), 
fuel cap, and upper reflector assembly. The bottom connector and sleeve are joined by a silicon braze and 
form the main barrier against fission product leakage from the fuel element. The fuel cap is a graphite 
disk that slips loosely into the upper end of the sleeve. All three of these components (bottom connector, 
sleeve, and fuel cap) are made of graphite with a helium permeability of ≤ 3 x 10-3 cm2/s and an effective 
permeability to gaseous fission products of approximately 10-5 cm2/s at reactor conditions (Ref. 3-3). 
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From bottom to top, the screen, internal trap assembly, lower reflector piece, fuel compacts with spines, 
and fuel cap are stacked within the sleeve and are supported by the bottom connector. The lower reflector 
piece is a 3-inch-long graphite cylinder. The annular fuel compacts are stacked on cylindrical graphite 
spine sections approximately 30 inches long and 1.75 inches in diameter. There are two types of spines: 
one of solid graphite and one with a 0.89-inch-diameter hole designed to contain burnable poison 
compacts. The screen, used to trap any charcoal granules that might be released from the graphite body of 
the internal trap, is made of 18-8 stainless steel. The upper reflector is a machined graphite component 
that is threaded and secured into the sleeve of the fuel element with furnace-cured carbonaceous cement. 
The upper end of the reflector piece is machined to engage with fuel handling equipment. A 
¼-inch-diameter hole down the centerline of the reflector serves as an inlet channel for purge gas. A 
porous plug cemented and retained within the upper reflector provides a controlled pressure drop for 
inflowing purge gas. 


The Core 1 fuel compacts consist of carbides of thorium and uranium enriched to 93.15 percent 235U at 
the beginning of life (BOL) and uniformly dispersed as coated particles in a graphite matrix. Total carbon 
within the carbide substrates is between 11 and 16 percent by weight at BOL. The pyrolytic carbon-
coated particles are 210 μm and 595 μm for fissile and fertile particles, respectively, with coating 
thicknesses of 55 ± 10 μm. The size distribution of the particles was designed to ensure that the volume 
fraction of the coated particles did not exceed 30 percent of the total compact volume. 


Cylindrical burnable poison compacts were placed in hollow spines of some fuel elements. Each compact 
contains 0.436 ± 0.030 g of natural boron in the form of zirconium diboride pressed into a graphite 
matrix. The maximum particle size of the zirconium diboride was 100 μm (Ref. 3-3). 


Core 2 fuel elements are essentially the same as Core 1 elements aside from the pyrolytic coating. Where 
Core 1 fuel particles have a single coating, Core 2 particles have an inner low-density pyrolytic coating 
surrounded by an outer isotropic coating. The particles are 340 μm (fissile) and 630 μm (fertile) with a 
total coating thickness of 90 to 130 μm (Ref. 3-3). 


There are four types of fuel elements that differ in isotopic content for both Core 1 and Core 2. This 
variation in fuel was achieved by loading different kinds of fuel compacts into the elements. Table 3.1-2 
and Table 3.1-3 describe these compacts. 


The loading sequence of the compacts determine the type of fuel element they form. Table 3.1-4 describes 
the characteristics of the four fuel element types (Ref. 3-3). 


Core 1 operated for 451 EFPD, or approximately half of its 900 EFPD design life, before fuel failure 
problems required it to be replaced. Failed fuel occurred when the internal fuel compacts swelled and 
distorted, cracking the outer sleeve. This failure mechanism affected 90 fuel elements (Ref. 3-3). The 
damaged fuel could not be removed normally because the installed lifting fixture depended upon the 
integrity of the outer sleeve. Consequently, removal tools were fabricated to extract the damaged elements 
from the reactor. As shown in Figure 3.1-2, each removal tool is a stainless steel cylindrical sleeve with 
an aluminum-lifting fixture that surrounds a damaged fuel element. Six spring fingers engage the bottom 
of the element to allow lifting. 


Upon removal from the reactor, each intact fuel element was placed in an aluminum canister with a 
stainless-steel liner (Figure 3.1-3). The canister was sealed with double O-rings and backfilled with 
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helium. Failed fuel elements, together with their removal tools, were also sealed in these canisters 
(Figure 3.1-4). After backfilling, the canisters were leak checked. Any leaking canisters were placed into 
a second sealed aluminum salvage canister (Figure 3.1-5). The Core 1 elements stored at the ISF Facility 
consist of both intact and failed fuel elements. The innermost of these containers are expected to be 
contaminated but not activated due to the low neutron fluence of the Core 1 fuel. 


The Core 2 elements were initially placed in the same aluminum canisters described above, but were later 
transferred to carbon steel storage canisters measuring 18 inches in diameter and 11 feet long. These 
canisters were enclosed by lids that reduced air exchange but did not seal the contents. To accommodate 
these canisters, the upper 18 inches of each element’s top reflector was removed. This cropping did not 
damage the fuel portion of the elements but did eliminate the lifting fixture used for fuel handling. 


A total of 1601.5 Peach Bottom fuel elements will be processed and stored at the ISF Facility. Forty-six 
aluminum storage baskets, containing 814 sealed aluminum storage canisters with stainless-steel liners 
that house 813 individual Peach Bottom 1 elements, are currently in dry storage in underground vaults at 
Idaho Nuclear Technology and Engineering Center (INTEC), adjacent to the ISF Facility. An additional 
1.5 elements are stored within the Fuel Examination and Cutting Facility in a dry, stable condition. The 
remainder of the 1601.5 elements are from Peach Bottom 2. The elements are packaged dry into 
70 unsealed, carbon-steel canisters within a fuel storage area at INTEC. 


No more than 10 Peach Bottom elements are placed in a single ISF canister for storage in the ISF Facility. 


Chapters 4 and 8 discuss the maximum fuel temperatures that occur during fuel handling and storage 
under normal, off-normal and accident conditions. Chapter 4, Appendix 4A contains the criticality 
analyses. The diametrical and length dimensions of the Peach Bottom assembly components that are 
modeled in the criticality safety analyses are shown at the bottom of Table 28 in Chapter 4, Appendix 4A. 


3.1.1.2 TRIGA Fuel Elements 


The TRIGA reactor is a light-water-cooled, graphite or water-reflected reactor designed for training, 
research, and isotope production. TRIGA fuel elements, manufactured by GA Technologies, are a solid 
homogeneous mixture of uranium-zirconium hydride alloy with aluminum, stainless steel, or incoloy 
cladding. Only the standard aluminum clad and standard stainless steel clad elements are included in the 
ISF storage scope. 


Figure 3.1-6 shows the general arrangement of a TRIGA fuel element. The fuel rod is axially centered in 
the element with a graphite moderator slug at each end. Burnable poison disks, if present, are placed 
between the fuel rod and the graphite. There is no bonding material between the fuel and the cladding. 
Fixtures are heliarc welded to the top and bottom ends of the cladding to encapsulate all of the internal 
pieces (Ref. 3-4). 


The lower-end fixture of the fuel element is designed to guide the element into the bottom support plate of 
the reactor core. The upper-end fixture consists of an attachment point for a fuel-handling tool (Ref. 3-5). 


There are two types of aluminum-clad elements, differentiated only by the length (either 14 or 15 inches) 
of their active fuel. All of the aluminum-clad fuel contains approximately 8 percent by weight uranium 
enriched to 20 percent 235U. Instrumented aluminum-clad elements are similar to the standard elements 
except for an aluminum tube welded to the upper-end fitting to allow the passage of thermocouple wires. 
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Within the scope of the ISF project, there is one type of stainless-steel clad TRIGA element that will be 
handled. Uranium content in this type of element varies from 8 to 9 percent by weight enriched to 
20 percent 235U. Instrumented stainless steel clad elements are similar to the standard elements except for 
a stainless-steel tube welded to the upper-end fitting to allow passage of thermocouple wires. 


The TRIGA SNF to be packaged in this project nominally consists of 1285 stainless steel clad elements 
and 315 aluminum clad elements. There are currently 1159 TRIGA fuel rods stored at the INTEC. All 
fuel elements will be delivered dry and are expected to be in good condition when received at the ISF 
Facility. 


When stored in the ISF Facility, a single storage canister contains up to 108 TRIGA fuel elements. The 
TRIGA fuel elements contain no control components but some contain instrumentation that is likely 
contaminated and activated. These instrument packages are integral to the elements and remain with them 
during storage. 


Chapters 4 and 8 discuss the maximum fuel temperatures that occur during fuel handling and storage 
under normal, off-normal and accident conditions. 


3.1.1.3 Shippingport Fuel Modules 


The Shippingport Light Water Breeder Reactor (LWBR) was an experimental reactor that utilized a seed-
and-blanket fuel module arrangement manufactured by the Bettis Atomic Power Laboratory (operated by 
Westinghouse Electric Corporation). A hexagonal stationary blanket module surrounded a central 
hexagonal movable seed that provided reactivity control. As shown Figure 3.1-7, the LWBR core 
contained 12 seed and blanket modules surrounded by 15 reflector modules used to limit neutron losses 
from the core. 


The LWBR core operated for more than 29,000 effective full power hours before final shutdown in 1983. 
Before shipping to the Expended Core Facility (ECF), fuel modules were partially disassembled to fit into 
the shipping containers. The disassembly involved removing the support shaft from the seed modules, the 
support tube, seal block, stub shaft, and guide tube extension from the blanket modules, and the seal block 
from the reflector modules. Because removing these items also eliminated the lifting fixtures, all modules 
were fitted with a shipping plate attached to the top base plate. 


At the ECF, 12 modules (4 of each type) were further disassembled to provide fuel rods for core 
evaluation and proof-of-breeding tests. The top and bottom base plates were removed, allowing the 
required rods to be withdrawn for testing. Stabilization clamps were then fitted around the modules to 
prevent the remaining rods from falling out during movement. The clamps consist of a top and bottom 
section connected by 6 external tie bars. One reflector also had part of the outer shell removed. 


The ISF Facility will store 11 intact reflector modules, 4 clamped reflector modules, and 127 loose 
reflector rods. All loose rods are received within a single incoming container and are to be transferred to 
and stored within a single ISF canister. 


There are two types of reflector module: Reflector IV and Reflector V. Figure 3.1-8 shows the general 
arrangement of Reflector V. The only difference between the two is external geometry; this difference 
accommodated placing the hexagonal seed/blanket modules in a cylindrical pressure vessel. Each 
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reflector module contains rods of stacked unenriched nonfissile ThO2 pellets clad in 0.832-inch zircaloy-4 
tubes. The modules contain no control components. 


There are 9 Reflector IV modules, 3 of which are clamped. The number of rods within the modules varies 
between 152 and 228, and the weights vary between 4933 and 5200 pounds. There are 6 Reflector V 
modules, 1 of which is clamped. The number of rods within the modules is either 129 or 166 with weights 
from 4028 to 4204 pounds. Each reflector module, whether intact or clamped, resides in its own storage 
canister. Unlike the Peach Bottom and TRIGA fuels, each Shippingport fuel rod contains helium initially 
pressurized to 1 atmosphere. The total gas volume for each rod is 2.7 cubic inches. 


Chapters 4 and 8 discuss the maximum fuel temperatures that occur during fuel handling and storage 
under normal, off-normal and accident conditions. 


3.1.1.4 Decay Heat 


To determine the decay heat output of each type of fuel to be stored, ORIGEN2, a widely used computer 
code that estimates the inventory of fission products, activation products, and actinides of nuclear fuel at 
any point in its lifetime was used (Ref. 3-6). Each ORIGEN2 run requires the input of detailed data for 
the fuel core composition and the power history of the reactor. In particular, nuclear cross-section 
libraries for each fuel type are required for the particular reactor. 


The DOE applied ORIGEN2 to determine an initial radionuclide inventory for each fuel type. With this 
information, the fuels were further decayed beyond July 1, 2004, the earliest anticipated date for fuel 
handling operations at the ISF Facility. ORIGEN2.1 was used to adjust the activities of each of the 
actinides, activation products, and fission products to yield an isotope activity-specific decay heat value. 
The code then summed those values to provide the decay heat per SNF element or module. Figure 3.1-9 
through Figure 3.1-13 depict decay heat as a function of time per element for each type of fuel stored at 
the ISF Facility. TRIGA fuels exhibit the highest degree of variation from the averages presented; 
individual TRIGA elements can generate up to 2 W/element decay heat. 


3.1.2 GENERAL OPERATING FUNCTIONS 


3.1.2.1 Overall Facility Operation 


Operations are organized into four general categories, each associated with a particular area of the 
facility. These are: 1) cask receipt and movement, 2) fuel packaging, 3) canister closure operations, and 
4) canister storage. Cask receipt takes place in the Cask Receipt Area, fuel packaging in the Fuel 
Packaging Area (FPA), canister closure operations in the Canister Closure Area (CCA), and canister 
storage in the Storage Area. The four areas are interconnected by a Transfer Tunnel, which is used to 
move casks and canisters from one area to another during operations. A fifth area for the handling of 
onsite generated waste is discussed in Section 3.1.2.3. A summary description of operations is found 
below, followed by a more detailed description of specific activities in each major area of the ISF 
Facility. 


Fuel receipt begins at the facility boundary security fence. The Transfer Cask is off-loaded inside the 
Cask Receipt Area and transported by the cask trolley to the FPA. At the FPA cask port, the Transfer 
Cask is opened to allow the fuel receipt canister to be removed. These fuel receipt canisters are opened, 
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and the fuel elements removed, inspected, inventoried, and placed into new baskets and storage canisters. 
These loaded canisters are then transported inside the shielded, seismically qualified canister trolley to the 
CCA where the canister closure welds are made, and the canister is vacuum dried, inerted with helium, 
and helium leak tested. With the helium inerting, helium leak testing, and nondestructive testing of the 
canister closure welds complete, the canister is ready for storage. 


The loaded canister is transferred from the CCA to the Storage Area using the same canister trolley. At 
the port in the Storage Area, the loaded canister is handled using the canister handling machine (CHM) 
and placed into a storage tube location inside the storage vault. The vault provides passive natural 
convection cooling. Air enters the vault and decay heat from the fuel causes the air to rise, where it is 
directed upward through annular gaps around the tubes, exiting to the charge face floor. No active 
systems are required to maintain the airflow. 


3.1.2.2 Transportation 


SNF enters the ISF Facility in the Transfer Cask aboard a transporter that moves the fuel from the nearby 
INTEC facility. The Transfer Cask is not certified in accordance with 10 CFR 71 because the entire 
movement occurs within the DOE’s INL site and does not use public roads or transportation routes 
(Ref. 3-7). 


Once received, the spent fuel moves through the facility via the Transfer Tunnel on either the cask or 
canister trolley. The cask trolley receives the Transfer Cask and transports it on rails from the Cask 
Receipt Area into the Transfer Tunnel to the FPA cask port. It also returns the empty Transfer Cask to the 
Cask Receipt Area. The canister trolley delivers an empty canister and basket assembly to the FPA from 
the CCA. It then receives the loaded basket assembly at the FPA canister port, delivers it to the CCA, and 
delivers the sealed canister to the Storage Area load/unload port where it is retrieved by the CHM. The 
canister trolley includes a shielded cask and jacking system that allows it to be elevated into the 
appropriate ports and limits radiation streaming in the Transfer Tunnel. 


3.1.2.3 Onsite Generated Waste 


Both liquid and solid waste are generated as part of spent fuel storage operations. Solid waste consists of 
primary waste (fuel canisters, miscellaneous container waste, etc.) and process-generated waste such as 
paper, rubber, plastic, rags, machinery parts, tools, vacuum cleaner debris, welding materials, high-
efficiency particulate air (HEPA) filters, and solidified filter liquids or band saw cutting fluid. The waste 
is compacted as appropriate and packaged for offsite disposal. No long-term storage of solid waste occurs 
within the facility. 


The liquid waste results from decontamination activities in the Transfer Tunnel, CCA, workshop, and 
Solid Waste Processing Area. A personnel safety shower in the Operations Area may also generate liquid 
waste. Either DOE will dispose of the waste on the INL or a mobile treatment service contractor will treat 
the liquid waste if required and transports it as low specific activity waste for offsite disposal. 


More detailed discussions of solid and liquid waste handling are found in Sections 3.3.7.2 and 3.3.7.3, 
and Chapter 6. 
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3.1.2.4 Utilities 


The ISF Facility interfaces with INL for utilities necessary to operate this facility. Site utilities consist of: 


• electrical power 


• potable water 


• sanitary waste 


• fire water 


• communications 


All of the utilities described below are classified not important to safety (NITS). Consequently, the 
sharing of these utilities does not increase the probability or consequences of an accident or malfunction 
of structures, systems, or components that are important to safety.  


3.1.2.4.1 Electrical Power 


Electrical power is supplied to the ISF site at 13.8 kV with up to 5000 kVA available from the local 
power utility. A unit substation with a step-down transformer is provided to distribute power at 480 V to 
satisfy the power requirements of this facility. A diesel generator provides facility standby power 
requirements. An uninterruptible power supply (UPS) provides power to specific electrical components as 
an alternate power source following a loss of power event. 


3.1.2.4.2 Potable Water 


Existing INTEC site utilities supply potable water to the ISF Facility site for drinking and other domestic 
needs within the ISF Facility. The potable water system meets the anticipated demand for service and 
support facilities of the ISF Facility, Administrative Center, Visitor Center, and security building. The 
system also provides makeup water for heating, ventilation, and air conditioning (HVAC) chilled-water 
equipment.  


3.1.2.4.3 Sanitary Wastewater System 


INTEC supplies a sanitary wastewater tie-in to the ISF Facility site to provide floor and end-device 
(toilets, sinks, etc.) drains throughout the facility. Only floor drains from uncontaminated areas drain to 
the sanitary sewer. The sanitary wastewater tie is connected to the existing INTEC site sewer system. 


3.1.2.4.4 Fire Water System 


INTEC provides fire suppression water to hydrants, standpipes, and sprinklers in the ISF Facility through 
two lines separate from the domestic water supply. The system contains sectional control valves to ensure 
that distribution piping can continue to provide flow during a single component failure. 


3.1.2.4.5 Communications 


The communications and alarm system provides the ISF Facility site with fire detection, alarm capability, 
and internal and external communications. The fire detection and alarm system detects fires within the 
facility and provides supervisory warnings, trouble signals, and alarms to the INL Central Fire Alarm 
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Station. The ISF site receives fire brigade response from INL. A fire alarm status panel assists the fire 
brigade in locating the fire. The communication system provides the ISF Facility with voice, data, and 
personnel paging. This system connects to the existing INTEC broadband local area network.  


Rather than having a single control room, the ISF Facility employs discrete control areas for the 
supervision of activities within those areas. Examples of control areas include the Cask Receipt Area, 
Operating Gallery, Canister Closure Area, and Storage Area. The design of all control areas incorporates 
features (accessibility, shielding, lighting, ventilation, communication, etc.) needed to support normal 
operations and to provide safe control of the facility under off-normal or accident conditions.  
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3.2 STRUCTURAL AND MECHANICAL SAFETY CRITERIA 


3.2.1 Tornado and Wind Loadings 


3.2.1.1 Applicable Design Parameters 


3.2.1.1.1 Design Basis Wind 


The design basis wind is taken from American Society of Civil Engineering (ASCE) Standard ASCE-7 
for the facility location and is based on an annual probability of exceedance of 0.02 (50-year return 
period) (Ref. 3-8). The velocity pressure equation in Section 3.2.1.2.1 below applies an importance factor 
of 1.15 that yields a resulting value equivalent to the 100-year return period. The following parameters are 
established for the design basis wind: 


• Wind Velocity: 90 mph (3-second gust at 33 feet above ground) - Exposure Category: C 


Meteorological monitoring is performed at various locations on the INL site and is described in 
Chapter 2.  


3.2.1.1.2 Design Basis Tornado 


The design basis tornado characteristics are specified in U.S. Nuclear Regulatory Commission (NRC) 
Regulatory Guide 1.76 for Region III, and as modified by NUREG/CR-4461 and SECY-93-087 as 
follows (Refs. 3-9, 3-10, and 3-11): 


Maximum wind speed 200 mph 
Rotational speed 160 mph 
Maximum translational speed 40 mph 
Minimum translational speed 5 mph 
Radius of maximum rotational speed 150 feet 
Pressure drop 1.5 psi 
Rate of pressure drop 0.6 psi/sec 


The design basis tornado missiles are taken as Spectrum II missiles in Region III as identified in 
Section 3.5.1.4 of NUREG-0800 and are presented in Table 3.2-1 (Ref. 3-12). Tornado missiles used in 
the analysis of the ISF Facility are discussed further in Section 3.2.1.4. 


3.2.1.2 Determination of Forces on Structures 


3.2.1.2.1 Design Basis Wind 


The design basis wind is converted to velocity pressure based on ASCE 7 using the following formula: 


 qz = 0.00256 Kz Kzt KDI V2 
In which qz = Velocity pressure in psf 


Kz = Exposure coefficients = 1.17 (Table 6-3 of ASCE 7)  
Kzt = Topographic factor = 1.0 
KD = Wind directionality = 1.0 
I = Importance factor = 1.15 (Table 6-2 of ASCE 7 for Category III Buildings) 
V = Design basis wind velocity = 90 mph 
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The gust factors and building pressure coefficients are in accordance with ASCE 7. The manner in which 
the design basis wind load is combined with other applicable design loads is given in Section 3.2.5, 
Combined Load Criteria. 


3.2.1.2.2 Design Basis Tornado 


The design basis tornado wind is converted to effective velocity pressure using the following formula: 


 q = 0.00256 V2 
In which q = velocity pressure in psf 


V = tornado wind velocity in mph. 


The velocity pressure is assumed constant with height and gust factors taken as unity. Building pressure 
coefficients are in accordance with ANSI A58.1. 


The manner in which the total tornado load is combined with other applicable loads is given in 
Section 3.2.5, Combined Load Criteria. The method of combining the three individual tornado-generated 
effects (wind load, differential pressure load, and missile load) is based on Section 3.3.2 of NUREG-0800 
as presented in the following (Ref. 3-12): 


i. Wt = Ww 
ii. Wt = Wp 
iii. Wt = Wm 
iv. Wt = Ww + 0.5Wp 
v. Wt = Ww + Wm 
vi. Wt = Ww + 0.5 Wp + Wm 


In which Wt = total tornado load 
Ww = tornado wind load  
Wp = tornado differential pressure = 1.5 psi 
Wm = tornado missile load  


3.2.1.3 Ability of Structures to Perform Despite Failure of Structures not Designed 
for Tornado Loads 


Structures that are considered NITS, but that could potentially compromise the integrity of structures 
important to safety (ITS) upon failure, are designed to the same wind design loads and load combinations, 
as the ITS structures. The basis for the design criteria is further described in Section 3.4.  


Structures designated NITS with the same wind and tornado missile design loads as ITS structures are: 


• Cask Receipt Area primary structural steel framing other than that forming the central load path 
for the crane loads 


• Storage Area primary structural steel framing 


• Operations Area/gallery primary structural steel framing surrounding the Transfer Area 


Metal siding and roof deck for steel structures are allowed to fail under tornado loads; however, the 
structural framing is designed to withstand the full tornado wind pressure load transferred from the metal 
siding and roof decks. 
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3.2.1.4 Tornado Missiles 


The design basis tornado for the ISF Facility site is consistent with NRC Regulatory Guide 1.76 and 
NUREG 0800, Section 3.5.1.4, Region III, as modified by NUREG/CR-4461 and SECY-93-087 
(Refs. 3-12, 3-10, and 3-11). Based on the maximum wind speed established by these guidelines 
(200 mph), larger tornado missiles are not considered credible for the ISF Facility. Smaller Spectrum II 
tornado missiles, such as the 6-inch diameter schedule 40 pipe, the 1-inch diameter steel rod, and the 
wood plank are incorporated in the tornado missile analysis. 


The mass, dimensions, and velocity for the design basis tornado missiles are presented in Table 3.2-1. The 
effects of missile impact are evaluated in terms of local damage such as penetration, perforation, 
scabbing, and overall structural response (i.e., bending and shearing in the target structure that absorbs the 
impact energy). 


Individual ITS structures, systems, and components (SSCs) within the ISF Facility are designed or 
protected to withstand the direct effects of tornado winds, pressures, and the Spectrum II tornado missiles 
identified above, as appropriate. Chapter 4 provides design details related to tornado protection for 
individual SSCs. For some SSCs, such as the CHM and the cask receipt hoist, tornado-related design 
features are not addressed because the probability of tornado occurrence while these components are 
handling SNF is too low to be credible. Chapter 8 describes the determination of these probabilities. 
Appropriate administrative controls and operating limitations restrict fuel handling activities when 
tornado watches or warnings are in effect. 


Resistance to local failure or perforation of steel elements is determined by use of the Ballistic Research 
Laboratory (BRL) Equation. For concrete, the local effects are evaluated by utilizing the Bechtel Formula 
(Ref. 3-13). 


The overall structural response is evaluated using conservation of momentum and energy techniques to 
calculate transmitted kinetic energy to the target structure and to determine the energy absorption 
capabilities of affected structural elements using allowable ductility limits. The methodology presented in 
Topical Report, Design of Structures for Missile Impact, has been used in the evaluation (Ref. 3-13). 


For steel targets, the plate thickness that corresponds to threshold of perforation is given by the BRL 
formula as: 


where,
672D


)(0.5MV
=T


2/32
s  


T = Steel plate thickness in inches to just perforate 
M = Missile mass in lb-sec2/ft 
Vs = Striking missile velocity normal to the target surface in ft/sec 
D = Missile diameter in inches 


The steel barrier thickness required to prevent perforation is taken as 1.25T. 
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For concrete targets, the concrete thickness required to resist scabbing is given by the Bechtel Formula as 
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where s = scabbing thickness in inches 
W = missile weight in pounds 
V0 = missile velocity in ft/sec 
D = nominal missile diameter in inches 
fc’ = concrete compressive strength in psi 


For design use, the calculated thickness is increased by 20 percent. 


Based on the techniques described above, the analysis of tornado missile impact effects determined the 
controlling credible missile for local effects to be a 6-inch, schedule 40 steel pipe driven by the postulated 
tornado at 33 ft/sec. The minimum steel thickness required to resist penetration by this missile is 
0.08 inches. The minimum concrete thickness required to resist scabbing is 6.8 inches. The ITS structural 
components of the ISF Facility exceed these dimensions. 


A tornado missile impact from a wood plank was also evaluated since its impact had the highest kinetic 
energy per unit area. The wood plank is considered a soft missile characterized by significant local 
deformation of the missile. The procedures for evaluating the overall effects are outlined below 
(Ref. 3-13): 


• Calculate an applied force-time history assuming a rectangular impulse. 


• Determine reinforced-concrete section properties using an average moment of inertia of cracked 
and uncracked sections, the spring constant of the wall panel, and the effective mass of the wall 
panel assuming a circular fan failure. 


• Determine the ductility of the wall panel by calculating the period of the structure and the 
maximum resistance of the wall panel. Compare the calculated ductility of the wall panel with the 
allowable ductility to ensure that a sufficient margin exists. 


The evaluation concluded that a 12-inch thick reinforced concrete wall, minimally reinforced, is sufficient 
to withstand the impact of a wood plank missile. 


3.2.2 Water Level (Flood) Design 


3.2.2.1 Flood Elevations 


The ISF Facility design is based on the probable maximum flood event described in Section 2.4.3. Flood 
elevations have been converted to the 1988 North American Vertical Datum (NAVD 88) survey, which is 
used for the design of the ISF Facility. In the remaining part of this section the probable maximum flood 
(PMF) level is defined as 4920.71 feet msl (NAVD 88). 
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The floor elevations of the ISF Facility are below the PMF flood elevation. For example, the floor of the 
Cask Receipt Area is at elevation 4913 feet, 2 inches; the floor of the Transfer Tunnel is at elevation 
4912 feet, 6 inches; the floors of the FPA and Solid Waste Processing Area are at elevation 4917 feet, 
6 inches; and the floor of the Liquid Radioactive Waste Storage Tank Area is at elevation 4915 feet. The 
facility’s administrative requirements and design, however, prevent the exposure of SNF to flood waters. 


A flood elevation of approximately 4921 feet msl is used in the design of each structure for buoyancy and 
static water force effects. 


3.2.2.2 Phenomena Considered in Design Load Calculations 


As described in Section 2.4.3, the wind activity at the INL site coincident with the largest projected flood 
crest could not produce waves that would exceed 0.5 foot due primarily to the shallow depth of water 
surrounding most INTEC buildings (Ref. 3-14). Thus, the static and dynamic effects of wave activity 
would be negligible. 


As described in Sections 2.4.5 and 2.4.6, tsunami, surge, and seiche flooding are not potential natural 
phenomena. 


As described in Section 2.4.4, the leading edge of the flood water reaches the INTEC site in about 
16 hours. Average water velocities on the INL site are 1 to 3 feet/sec. 


The design load calculations treat the floodwater as a hydrostatic force. 


3.2.2.3 Flood Force Application 


The forces and other effects resulting from flood loadings are applied to those SSCs below elevation 
4921 feet msl (NAVD 88) that are not protected from floodwater by flood protection measures. 


The buoyancy and static water force effects are considered. The probable maximum flood is a low 
velocity event and therefore, hydrodynamic forces on the structures are negligible. 


3.2.2.4 Flood Protection 


When the Transfer Cask is loaded onto the cask trolley, the cask bottom is at elevation 4920.5 feet msl, 
only slightly below the 4921 feet of the PMF. Therefore, buoyant forces are not a concern. The top of the 
cask remains well above the PMF elevation. Appendix A to the SAR provides more details regarding the 
Transfer Cask. 


Measures to protect the FPA and the storage vault from flooding include the sealing of construction joints 
below the PMF elevation to ensure water tightness. 


The ISF canister is set inside a canister cask on the canister trolley. The canister cask is watertight on its 
external surfaces. The open top of the canister cask is above the PMF elevation. Hence, the canister cask 
provides flood protection for the ISF canister when it is in the Transfer Tunnel. 
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3.2.3 Seismic Design 


The ISF Facility is designed to withstand the effects of natural phenomena, including earthquakes, in 
accordance with 10 CFR 72.102 and 10 CFR 72.122 (Ref. 3-1). Seismic monitoring is performed at 
several locations on the INL site and is described in Chapter 2. 10 CFR Part 72 requires that design 
ground motions be developed in accordance with 10 CFR 100, Appendix A, which is primarily based on a 
deterministic methodology (Ref. 3-15). The current NRC geologic and seismic siting criteria for licensing 
nuclear power plants (10 CFR 100.23) identify a probabilistic seismic hazard analysis (PSHA) as a means 
to determine the design earthquake and account for uncertainties in the seismological and geological 
evaluations. The design ground motions developed for the ISF Facility are based on a PSHA. This 
approach is also consistent with NRC-approved TMI-2 ISFSI design, and the DOE approved revision to 
design earthquake parameters for the INL site. 


3.2.3.1 Input Criteria 


The control motions from which the design earthquake parameters for the ISF site were developed are 
specified at the top of basalt rock at 25 ft to 27.5 feet below ground surface. They are based on a 
probabilistic seismic hazard evaluation for the INTEC site, as discussed in Sections 2.6.2.4 through 
2.6.2.6. The horizontal rock design response spectra were first developed by incorporating smoothed, 
broadened regions of the peak accelerations, velocities, and displacements defined by the 2500-year 
return period rock uniform hazard spectra (UHS). Two statistically independent horizontal rock design 
time histories were developed from the rock design response spectra in conformance with the enveloping 
criteria of NUREG-0800 (Ref. 3-12). 


Using the horizontal rock design time histories as input, site-specific soil response analyses were 
performed to obtain the mean ground motion hazard level and design earthquake ground motion, as 
discussed in Sections 2.6.2.4 through 2.6.2.6. To account for the variations in soil properties, three free-
field ground time histories that correspond to the mean minus one, the mean, and the mean plus one 
standard deviation strain-iterated soil profiles were generated for each of the two horizontal and the 
vertical directions. These free-field ground time histories were used as input motions to the soil-structure 
interaction analysis discussed in Section 3.2.3.1.8. 


3.2.3.1.1 Design Response Spectra 


The site specific free-field ground response spectra are represented by three unsmoothed response spectra 
generated from the three corresponding ground design time histories in each of the three orthogonal 
directions, as discussed in Sections 2.6.2.4 through 2.6.2.6. The three response spectra in each of the two 
horizontal directions and one vertical direction for 5-percent damping are compared with the Regulatory 
Guide 1.60 design response spectra anchored at their respective peak ground accelerations (PGAs), as 
shown in Figure 3.2-1, Figure 3.2-2, and Figure 3.2-3 (Ref. 3-16). The ground response spectra are 
derived from the site-specific UHS and therefore, deviation in general spectral shapes from the 
Regulatory Guide 1.60 design response spectra is apparent. The higher spectral values in the high 
frequency range are due to amplification of the accelerations in this region of the spectra by the shallow 
soil at the ISF site. 
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3.2.3.1.2 Design Response Spectra Derivation 


The horizontal rock design response spectra, which constitute the control motions for the ISF site, are 
derived from the site-specific UHS, as discussed in Sections 2.6.2.4 through 2.6.2.6. The free-field 
ground response spectra are generated from the free-field ground time histories for comparison with the 
Regulatory Guide 1.60 design response spectra, as discussed in Section 3.2.3.1.1. 


3.2.3.1.3 Design Time History 


The horizontal rock design time histories were developed from the horizontal rock design response 
spectra in accordance with the enveloping criteria of NUREG-0800 (Ref. 3-12), as discussed in Sections 
2.6.2.4 through 2.6.2.6. The free-field ground time histories were derived from the site-specific soil 
response analysis using the horizontal rock design time histories as input, as discussed in Sections 2.6.2.4 
through 2.6.2.6. 


3.2.3.1.4 Use of Equivalent Static Loads 


The seismic response of most major components is calculated using the response spectrum method. 
However, some components, such as the cask and canister trolleys, are designed by the equivalent static 
method. To obtain the equivalent static loads on the equipment, the peak acceleration of the floor 
response spectra in north-south, east-west, and vertical directions at the appropriate locations within the 
building are multiplied by a factor of 1.5. Appropriate damping values (Table 3.2-2) are incorporated into 
the analysis. 


3.2.3.1.5 Critical Damping Values 


The percentage of critical damping values used in the analysis of SSCs ITS are in accordance with NRC 
Regulatory Guide 1.61 as shown in Table 3.2-2 (Ref. 3-17). Damping values used in the analysis of ISF 
SSCs are detailed in Section 4.7.3.3. 


3.2.3.1.6 Bases for Site-Dependent Analysis 


A site-dependent analysis was performed to develop design response spectra and design time-histories for 
seismic design of SSCs ITS. The design response spectra and design time-histories are defined at the site 
bedrock outcrop based on the site-specific probabilistic seismic hazard analysis conducted for the INTEC 
area at INL (Ref. 3-18). Site-specific soil properties were used as input for the site-dependent analysis. 


The bases for the site-dependent analyses are described in Sections 2.6.2.5 and 2.6.2.6. 


3.2.3.1.7 Soil-Supported Structures 


All ITS structures and other facility structures are supported by soil. The average soil depth within the 
immediate vicinity of the buildings is approximately 27 feet. As described in Section 2.6.4.8, liquefaction 
is not a concern at the ISF Facility site. 
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3.2.3.1.8 Soil-Structure Interaction 


SSI Model Development 


This analysis of the ISF Facility ITS structures for soil-structure interaction (SSI) consisted of the 
following activities: 


• A model of the site soil was developed based on the strain-compatible soil properties  


• Models of the Transfer Area, Fuel Storage Area, and Cask Receipt Area structures were 
developed. 


• Seismic analyses of the Transfer Area, Fuel Storage Area, and Cask Receipt Area structures 
accounting for SSI effects were performed 


• In-structure response spectra (ISRS) and other seismic response quantities were generated.  


SASSI Computer Program 


The effects of soil-structure interaction (SSI) on the seismic response of the three main ISF facility 
structures was analyzed using the computer program SASSI (Ref. 3-19). This program uses the flexible 
volume method to model soil-structure systems. 


In the flexible volume method, the complex soil-structure system is partitioned into two substructures; 
i.e., the structure and the soil. In this partitioning, the structure consists of the aboveground structure, plus 
the subgrade, minus the excavated soil. The structure (aboveground structure, subgrade, and excavated 
soil) is modeled by finite elements. The soil substructure is modeled as a continuum consisting of infinite 
horizontal soil layers overlying a homogeneous half space.  


The input motion for seismic analysis using SASSI consists of three simultaneous ground motion 
acceleration time-histories, one in each of the three orthogonal directions, at a user-specified control 
point. To calculate the seismic response of the structure, SASSI first generates transfer functions at 
selected frequencies. These transfer functions multiplied by the Fourier transform of the input motion 
result in the Fourier transforms of the response. The time-histories of the seismic response are then 
calculated as the inverse of the Fourier transforms of the response. 


Soil Model Development 


Soil properties for three soil profile stiffness cases were used to develop of the soil models for input to 
SASSI. Use of these three soil stiffness cases satisfies NUREG-0800 Section 3.7.2, Subsection II.4 
requirements for consideration of uncertainties in soil properties.  


One SASSI soil model was developed for each of the three soil stiffness cases considered in the seismic 
analysis. Each model consisted of 24.5 feet of soil overlaying a homogeneous rock half space. In the 
SASSI soil models, the relatively soft 2.5 foot thick soil layer at the surface was neglected since the 
structure foundations are below this layer.  


In the SASSI soil models, soil layers at depths below 2.5 feet and their corresponding material properties 
were defined as identified in the site response analysis. Modeling of the homogeneous rock half-space 
was based on site specific properties for depths of 27 feet below the soil surface. The soil layer 
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thicknesses were defined at increments of three feet or less. With these layer thicknesses, the SASSI soil 
models are capable of transmitting frequencies in excess of 50 Hz. 


Structural Model Development 


Structural models for the seismic analysis were developed primarily from the fixed-base finite element 
models used for general analysis of the ISF structures. These models were developed using the finite 
element program SAP2000. Nodes were typically permitted to have six degrees of freedom each, three 
translations and three rotations. The concrete base mats, floor slabs, and walls were typically modeled by 
two-dimensional plate/shell elements. Gross concrete thicknesses were typically assigned to these plate 
elements. The structural steel columns, beams, and braces were represented by one-dimensional frame 
elements.  


Heavy equipment components, such as the Canister Handling Machine in the Storage Area, were 
explicitly modeled to account for their impact on the overall soil-structure system response. Heavy 
equipment components whose positions can vary were located in the models to maximize overall 
structure seismic response. Lumped masses were included to represent other weights supported by the 
structure. 


For the SSI seismic analysis, structural models in SASSI were developed by transforming the SAP2000 
models. Model modifications typically consisted of:  


• Revising node locations in the SASSI structural model to eliminate the constraint equations in the 
SAP 2000 model  


• Re-meshing the base mat and walls to reduce the number of interaction nodes in the SASSI model  


• Modeling the excavated soil by brick elements in SASSI. 


Damping values assigned to the structures were based on values specified by Regulatory Guide 1.61 for 
seismic analysis against the Safe Shutdown Earthquake (SSE). Response of the Transfer Area and Storage 
Area structures is not particularly sensitive to the structure damping value assigned. The results of the SSI 
analysis demonstrated that much of the flexibility in the soil-structure systems for these areas is attributed 
to the soil. In such cases, soil material and radiation damping typically dominate overall energy 
dissipation of the soil-structure system. 


Seven percent of critical damping was assigned to the Transfer Area and Storage Area structures, whose 
seismic load-resisting systems are comprised primarily of reinforced concrete. Four percent of critical 
damping was assigned to the Cask Receipt Area structure. The seismic load-resisting system for the Cask 
Receipt Area consists of both steel moment-resisting frames with welded connections and steel braced 
frames with bolted connections. The structure damping assigned to the Cask Receipt Area uses the value 
specified for welded steel structures by Regulatory Guide 1.61. 
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Simplified Stick Models 


Simplified stick models were also developed to account for potential structure-to-structure interaction 
effects in the SSI analysis. Dynamic properties of the stick model duplicate the fundamental modes of the 
fixed base finite element models as follows: 


• One lumped mass was located at the elevation of the flexible mass centroid calculated by the 
SAP2000 model. The magnitude of the lumped mass was based on the effective mass 
participating in the fundamental horizontal modes calculated by the SAP2000 eigen solution 


• One lumped mass was located at the base mat. The magnitude of this mass was taken to be the 
difference between the total structure mass and the effective mass lumped at the upper node as 
described above. The total structure mass moments of inertia were also assigned at the base mat. 


• The base mat was modeled by plate elements having very high stiffnesses to simulate an assumed 
rigid foundation. 


Seismic Response Analysis 


Input to the SASSI analyses consisted of: 


• Free-field earthquake acceleration time-histories,  


• Soil models,  


• Structure models. 


Separate analyses were performed for the Transfer Area, Storage Area, and Cask Receipt Area structures. 
The detailed finite element model for the structure being analyzed was used. To account for potential 
structure-to-structure interaction effects due to coupling by the soil, the simplified stick model for the 
adjacent structure was included. For example, the SASSI model used for analysis of the Transfer Area 
structure included the simplified stick model for the adjacent Storage Area structure. Inclusion of the stick 
model of the adjacent structure is considered to be sufficient to capture the effect of its overall soil-
structure system response on the structure of interest. Use of the detailed finite element model of both 
structures was not computationally practical. Figure 3.2-4, Figure 3.2-5, and Figure 3.2-6 show the SSI 
models for the three ITS structures. 


Each structure was analyzed for each of the three soil stiffness cases (best estimate, lower bound, and 
upper bound). The use of the three soil stiffness cases accounts for uncertainties in soil properties as 
required by NUREG-0800 Section 3.7.2, Subsection II.4. The same soil models for each of the soil 
stiffness cases were applicable to each structure analyzed. Excitation input to the analysis of a particular 
soil stiffness case consisted of the free-field earthquake acceleration time histories corresponding to that 
soil case. The control point for these input time-histories was specified to be at the soil surface consistent 
with the site response analysis. The three orthogonal earthquake acceleration time histories (two 
horizontal components and the vertical component) were input to the analysis simultaneously. 
Simultaneous input is acceptable since the NUREG-0800 Section 3.7.2, Subsection II.6.b requirement on 
statistical independence of the three orthogonal acceleration time-histories was satisfied.  
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Results from the SASSI analysis consisted of transfer functions and in-structure acceleration time-
histories. The in-structure accelerations were post-processed by other software to obtain in-structure 
response spectra and relative structure displacements. 


Transfer Functions 


Transfer functions are intermediate results produced by SASSI, which account for the dynamic 
characteristics of the structure and the soil. The transfer function is defined as the ratio of the Fourier 
transform of the response at a node within the SASSI model to the Fourier transform of the input. 


A large number of transfer functions are required for a typical SSI analysis. To reduce the computational 
effort, SASSI explicitly calculates the transfer functions for the nodes of interest at a limited number of 
frequencies specified by the user. SASSI then calculates the transfer functions for a node by interpolating 
between the values that were explicitly calculated.  


In-Response Spectra 


In-structure acceleration time-histories were calculated for selected nodes where structure seismic 
responses are required for structure design and equipment seismic qualification. The acceleration time-
histories were post-processed to obtain in-structure acceleration response spectra (ISRS). 


ISRS at 2%, 4%, 5%, and 7% of critical damping were calculated at the selected nodes in accordance with 
NUREG-0800 Section 3.7.2, Subsections II.5.b and II.9 and Regulatory Guide 1.122. Frequency intervals 
for calculation of the ISRS were equal to or less than the suggested values in Table 1 of Regulatory 
Guide 1.122. ISRS at a given node for the three soil stiffness cases were enveloped. The enveloped ISRS 
were then broadened by ±15% on frequency to account for modeling and analysis uncertainties following 
Regulatory Guide 1.122 


The design ISRS for individual structures and equipment were developed by enveloping the nodal 
enveloped and broadened response spectra over a sufficient number of nodes to account for the in-
structure response in specific areas in the buildings. For example, the design response spectra for the Fuel 
Handling Machine (FHM) are developed by enveloping the broadened response spectra for nine locations 
along the entire length of both north and south crane rails. The same methodology was used to develop 
the response spectra at the base of the individual building structures. The in-structure design response 
spectra for the ISF Facility are shown in Figure 3.2-11 through Figure 3.2-52. 


Summary of SSI Results 


The seismic load-resisting systems of the Transfer Area and Storage Area structures are both composed of 
stiff concrete shear walls and floor/roof diaphragms. Soil flexibility has significant effect on the 
frequencies of these structures. Peak accelerations at the first floors of the two structures in all three 
directions approximately equal or slightly exceed the free-field peak ground accelerations (PGA) at the 
soil surface. Increases in peak accelerations through the heights of the structures are typically modest.  


The seismic load-resisting system of the Cask Receipt Area is composed of structural steel moment and 
braced frames. This structure is more flexible than the Transfer and Storage Area structures, and 
consequently exhibits different seismic behavior. Soil-structure interaction typically has relatively little 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 3.2-12 


 


  


effect on the seismic response of the Cask Receipt Area. Peak horizontal accelerations near the top of the 
structure exhibit significant amplification above the free-field peak ground acceleration at the soil surface. 
Peak vertical accelerations at and below the low roof exhibit little amplification because of the structure’s 
vertical stiffness. 


3.2.3.2 Seismic System Analysis 


3.2.3.2.1 Seismic Analysis Methods 


Seismic analysis of SSCs ITS is performed using a response spectrum method of dynamic analysis except 
as noted in Section 3.2.3.1.4, Use of Equivalent Static Loads. Input to the seismic analysis of SSCs are the 
acceleration response spectra generated from the SSI seismic response analysis discussed in Section 
3.2.3.1.8. The response spectra for various locations within the facility are provided in Figures 3.2-11 
through 3.2-52. 


Seismic Analysis of Structures 


A response spectrum method is utilized for the seismic analysis of the Cask Receipt Area, Transfer Area, 
and Storage Area structures. Each area structure is modeled as a three-dimensional finite element model 
with fixed base. The SAP2000 finite element analysis program is used for the analysis of reinforced 
concrete structures and the STAAD/PRO computer program is used for the analysis of the Cask Receipt 
Area (Refs. 3-20 and 3-21). 


The Cask Receipt Area, a framed-steel structure, is modeled using a series of interconnected three-
dimensional beam elements. Only the central portion of the steel structure and individual column 
foundations that form the load path of the cask receipt hoist are considered ITS. The remaining 
interconnected steel structure is modeled primarily to account for the effects of seismic interaction. The 
mass and stiffness characteristics of the cask receipt hoist and support frame are also modeled with the 
supporting steel structure. The model of the Cask Receipt Area is shown in Figure 3.2-7. 


The Transfer Area consists of reinforced-concrete cells including a segment of the Transfer Tunnel 
supported on a foundation mat and the surrounding interconnected structures of steel-frame construction. 
The reinforced-concrete members are modeled as three-dimensional shell elements and the structural-
steel members are modeled as three-dimensional frame elements. Only the reinforced-concrete structure 
is considered ITS. The steel structure is modeled primarily to obtain the effects of seismic interaction. The 
mass and stiffness characteristics of the FHM are also incorporated in the Transfer Area mathematical 
model. The model of the Transfer Area is shown in Figure 3.2-8 and Figure 3.2-9. 


The Storage Area consists of reinforced-concrete vaults, a segment of the Transfer Tunnel on a common 
foundation mat, and an overhead steel-frame structure supported on the exterior concrete walls. The 
reinforced-concrete members are modeled as three-dimensional shell elements except at the top of the 
storage vaults where the concrete slabs with holes for the tube assemblies are modeled as a series of 
interconnected three-dimensional frame elements. The tube assemblies are modeled with pinned-base 
connection and lateral support at the top. The steel-framed structure is modeled as a three-dimensional 
frame element primarily to obtain the effects of seismic interaction. The mass and stiffness characteristics 
of the CHM including the trolley and bridge structure are also incorporated in the Storage Area 
mathematical model. The model of Storage Area is shown in Figure 3.2-10. 
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The response spectrum method of dynamic analysis is performed separately for each of the three area 
mathematical models because they are seismically isolated from each other by an isolation joint. The 
response spectra generated from the SSI analysis described in Section 3.2.3.1.8 at the foundation level of 
respective SSI models are applied at the fixed base of the corresponding area mathematical models as 
seismic input (see Section 3.2.3.2.4, Rocking and Translational Response Summary). 


The General Modal Combination technique was used to combine modal results as presented in ASCE-4 
(Ref. 3-50). The square root of the sum of the squares was used to combine spatial components based on 
the guidelines of NRC Regulatory Guide 1.92 (Ref. 3-22). 


Seismic Analysis of Systems and Components 


Specific seismic design features of each of the SSCs listed below are discussed in Chapter 4. 


Cask Receipt Crane 


The cask receipt crane is a stationary lifting device consisting of two main girders, two equalizer end 
support beams, an equalizer beam, two drums, and hoist ropes. The model for seismic analysis is 
represented by a general three-dimensional lumped mass system interconnected by weightless elastic 
members. The model’s geometry reflects the overall size, length, connectivity, and stiffness of various 
structural members.  


A linear elastic response spectrum method of seismic analysis is performed utilizing STAAD PRO, a 
general-purpose finite element program available in the public domain. The design response spectra are 
used as input in the north-south, east-west, and vertical directions respectively. The spatial components 
are combined in accordance with NRC Regulatory Guide 1.92. 


The modes are divided into flexible and rigid ranges. Modes in the flexible range are combined by the 
square root of the sum of the square method while modes in the rigid range, which accounts for missing 
masses, are combined by the algebraic sum method. The responses from the two ranges are further 
combined by the square root of the sum of the square method, which is equivalent to taking into account 
all modes and is consistent with Section 3.7.2 of NUREG-0800 (Ref. 3-12). The 5-percent of critical 
damping response spectra curves were applied to the Cask Receipt Crane. 


Cask Trolley 


The cask trolley is a welded steel frame consisting of vertical, horizontal, and bracing members supported 
on a truck trolley and is equipped with seismic restraints and a locking pin. An equivalent static method is 
used for seismic analysis. Equivalent static loads are obtained by increasing the trolley mass by a factor of 
1.5 and applying it to the peak acceleration of the design response spectra with 4-percent damping. Three 
separate static seismic analyses are performed for two horizontal directions and one vertical direction 
using RISA 3D computer program (Ref. 3-23). The spatial components are combined by the square root 
of the sum of the squares method in accordance with NRC Regulatory Guide 1.92 (Ref. 3-22). 
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Canister Trolley 


The canister trolley is also a welded steel frame supported on a truck trolley equipped with seismic 
restraints and a locking pin. The method of seismic analysis is similar to that for the cask trolley.  


Fuel Handling Machine 


The FHM is a bridge crane consisting of bridge beams, bridge end trucks, and a trolley structure with 
bolted connections. The FHM, including the runway support beams, is represented by a finite element 
model consisting of generalized three-dimensional beam, plate, and mass elements.  


A response spectrum method of seismic analysis is performed in the three orthogonal directions. The 
design response spectra in the respective directions are used as seismic input. A damping value of 7 
percent is used for the bolted FHM structure in accordance with NRC Regulatory Guide 1.61 (Ref. 3-17). 
The number of modes considered in the analysis is based on the criterion that inclusion of additional 
modes does not result in more than a 10 percent increase in responses. The method of combining the 
modal responses and spatial components is in accordance with NRC Regulatory Guide 1.92. 


Canister Handling Machine 


The CHM consists of a bridge assembly including girders, end trucks, and seismic restraints; a trolley 
assembly with structural steel frame, cross travel drive unit, and seismic restraints; and a cask/turret 
assembly mounted with a hoist and grapple system.  


A linear elastic response spectrum method of seismic analysis is employed using the general-purpose 
finite element program ANSYS (Ref. 3-24). The design response spectra at the CHM runway level in 
three orthogonal directions are used as the seismic input. A damping value of 7 percent is used in the 
seismic analysis. The method of combining the modal responses and spatial components is in accordance 
with NRC Regulatory Guide 1.92 (Ref. 3-22).  


Storage Tube Assembly 


Two sizes of storage tube assembly are utilized to accept either 18- or 24-inch outside diameter ISF 
canisters. A radial gap exists between the canister and inside wall of the storage tube. A similar gap also 
exists between the inside wall of the canister and canister internals. The storage tube is laterally supported 
at the bottom and by the charge face and is free standing on a support stool. The canister is free standing 
inside the storage tube. 


With the gaps present, the canister and storage tube system is mathematically a nonlinear system; 
therefore, a response spectrum method of analysis is inappropriate. The seismic analysis is, therefore, 
performed using the equivalent static method and conservative seismic accelerations. A modal analysis is 
performed on the half-model of the canister and storage tube assembly using ANSYS. 


The lateral fundamental frequency of the system is less than 1 Hz and the vertical frequency is greater 
than 100 Hz. To obtain the lateral design acceleration, the peak spectral accelerations in the north-south 
and east-west directions are first combined by the square root of the sum of the square method and 
amplified by a factor of 1.5. The result is further multiplied by a factor of 1.1 for additional conservatism. 
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The design vertical acceleration is obtained by multiplying the zero period acceleration by a factor of 1.1. 
The design response spectra at the charge face level and at the storage vault floor level for 4-percent 
damping are used in determining the lateral and vertical accelerations for design. 


3.2.3.2.2 Natural Frequencies and Response Loads 


The natural or fundamental frequencies of vibration were calculated as part of the response spectra 
analysis for the three main building structures and major equipment. Section 4.7.3.3 presents these and 
shows plots of significant modes of vibration. 


3.2.3.2.3 Procedures Used to Lump Masses 


The three primary facility structures (Cask Receipt Area, Transfer Area, and Storage Area) are each 
modeled using three-dimensional finite elements as described in Section 4.7.3.3. 


For large equipment and related supports including the Cask Receipt Area crane, FHM, and CHM, the 
mass, stiffness, and damping characteristics are explicitly modeled and incorporated into the building 
structural models. 


3.2.3.2.4 Rocking and Translational Response Summary 


Rocking is explicitly addressed in the SSI analysis described in Section 3.2.3.1.8. Rocking and torsional 
effects are not explicitly captured in the fixed-base finite element seismic-system analysis of the 
buildings. The input motions for the three areas considers these effects by enveloping the in-structure 
response spectra from the SSI analysis across the entire base of the structures. The in-structure 
accelerations calculated from the fixed-base analysis are then compared to those calculated from the SSI 
analysis to evaluate the structural response. 


3.2.3.2.5 Method Used to Couple Soil with Seismic-System Structures 


The method used to couple soil with the seismic-system structures is provided in Section 3.2.3.1.8, Soil-
Structure Interaction. 


3.2.3.2.6 Method Used to Account for Torsional Effects 


Torsional effects are captured by using three-dimensional models of the structures. The three-dimensional 
model captures responses in all six degrees of freedom for each direction of seismic motion. 


3.2.3.2.7 Methods for Seismic Analysis of Dams 


The ISF Facility does not include dams. 


3.2.3.2.8 Method to Determine Overturning Moments 


The overturning moments for the area structures (Cask Receipt Area, Transfer Area, and Storage Area) 
are determined by algebraically combining the overturning moment caused by the horizontal inertia 
forces and that caused by the vertical inertia forces assumed acting upward. 
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To determine the inertia forces and moment arms, the total mass and the center of the mass of each 
structure are first obtained using the SAP2000 computer program (Ref. 3-20). The acceleration 
coefficients used for each area structure are the peak in-structure floor accelerations at appropriate 
locations within respective area structures. The peak floor accelerations are from the results of the SSI 
analysis discussed in Section 3.2.3.1.8. 


3.2.3.2.9 Analysis Procedures for Damping 


The ISF Facility structures include seismic load-resisting systems of reinforced concrete, welded steel, 
and bolted steel. The dominant structures for the Transfer Area and the Storage Area are constructed of 
bolted steel and reinforced concrete, which would allow the use of a damping value equal to 7 percent of 
critical damping. The cask receipt crane is supported by a welded moment-resisting frame; the rest of the 
building is bolted steel construction. A damping value of 4 percent of critical damping is conservatively 
used for the design of the Cask Receipt Area. 


3.2.3.2.10 Seismic Analysis of Overhead Cranes 


Specific seismic design features for each ITS overhead crane are discussed in Chapter 4. 


3.2.3.2.11  Seismic Analysis of Specific Safety Features 


SSCs including associated features classified ITS are identified in Table 3.4-1. These features, including 
vertical seismic restraints for various trolleys and lateral supports for canisters and tube assemblies, are 
integral with the structures or major equipment. The seismic analysis for structures and major equipment 
described in Section 3.2.3.2.1 provides seismic responses at various locations for use in the design of 
these associated features. Those portions of NITS SSCs whose failure could reduce the function of an ITS 
feature to an unacceptable safety level are designed and constructed to prevent the design earthquake 
from causing such a failure. 


3.2.4 Snow and Ice Loadings 


The input ground snow load is based on Ground and Roof Snow Loads for Idaho, and on a 50-year mean 
recurrence interval (Ref. 3-25). The roof snow load is calculated in accordance with ASCE 7. 


Ground snow load = 35 psf 
Minimum roof snow load = 30 psf 


3.2.5 Combined Load Criteria 


Definitions of design loads and load combinations for the ISF Facility reinforced concrete and steel 
structures ITS are in accordance with Table 3-1 of NUREG 1536 (Ref. 3-26). These loads and load 
combinations are also applicable to structures NITS that could potentially compromise the integrity of 
ITS structures. The basis for these design criteria is further described in Section 3.4. The load 
combinations are provided for selected normal, off-normal, and accident conditions. Specific design loads 
and load combinations applicable to structures and spent fuel handling equipment are presented in 
Section 4.7, Spent Fuel Handling Operating Systems. 
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3.2.5.1 Design Loads 


3.2.5.1.1 Dead Loads (D) 


Design dead load on all facility structures includes vertical self weight of the structure and the weight of 
permanently attached equipment and utilities such as HVAC ducting, process and non-process piping, 
electrical conduits, etc. 


3.2.5.1.2 Live Loads (L) 


Live loads include transition loads and weights of non-permanent equipment, piping, ducting, and 
building occupants. Live loads may include weight and operational loads associated with handling 
equipment, and normal and off-normal equipment impact loads. 


3.2.5.1.3 Soil Pressure (H) 


Soil pressure loads include loads caused by lateral soil pressure including lateral pressure from 
groundwater, soil weight, and soil pressure caused by adjacent structures. Because little of the ISF 
Facility structures ITS are below grade, soil pressure loads are considered negligible for the analysis of 
ITS structures. 


3.2.5.1.4 Soil Reaction Loads (G) 


Soil reaction includes loads to be used only in load combinations for footing and foundation sections for 
which the required strength is limited by the soil reactions. The soil reaction loads are limited by the 
vertical maximum soil or pile bearing capacity, and the lateral passive pressure limit that would exist in 
normal, off-normal, or accident conditions corresponding to the load combination considered. Soil 
reaction loads are not explicitly used as a load case for the ISF project. Soil loads are considered in design 
of foundations. 


3.2.5.1.5 Wind Loads (W) 


Wind loads are produced by normal and off-normal maximum winds. Pressure resulting from the wind, 
considering wind velocity, structure configuration, height above ground, location, gusting, and 
importance factor is calculated using the methodologies of ASCE 7 and described in Section 3.2.1, 
Tornado and Wind Loadings. 


3.2.5.1.6 Temperature Loads (T) 


Thermal loads include loads associated with normal condition temperatures, temperature distributions, 
thermal gradients within the structure, and effects of expansion and contraction of structural elements. 


As permitted in Table 3-1 Loads and load combinations of NUREG-1536 (Ref. 3-26), thermal loads were 
neglected in the analyses of the steel building structures on the basis that the steel being used is ductile 
and the thermal stresses resulting from the changes in temperature are secondary and self-limiting in 
nature. 
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Reference Temperature 


The reference temperature is the temperature at which the concrete is considered to be “stress free” from 
thermal effects. The reference temperature is assumed to be 60ºF because normal construction practices 
result in a temperature near this value when placing concrete for large structures. The air temperature 
during construction may vary during the year; however, the requirements for hot and cold weather 
concrete placement, together with the heat developed by the hydrating concrete, will effectively keep the 
temperature near this value. 


The reference at which the structural steel is considered to be “stress free” is defined as 70ºF. 


Normal Site Ambient Maximum and Minimum Temperatures 


Minimum normal site temperature = -26°F 
Maximum normal site temperature = 98°F 


Normal Indoor Temperatures 


Inside normal air temperatures were calculated using the normal outside temperatures of either -26 F or 
98 F under steady-state conditions and formed the basis for the design of HVAC equipment. The indoor 
air temperatures calculated for the ISF project do not include diurnal temperature fluctuations and other 
short-term temperature effects. Short-term temperatures have minimal effect on the thick concrete walls 
and slabs due to the large thermal inertia of the sections. In order to account for the daily and seasonal 
cycles of the ambient air temperatures, historic temperature records from the INL are used to develop 
design temperature time histories for both the summer and winter. These time histories include the actual 
coldest and warmest consecutive 7-day periods in the 48-year history of recording temperatures at the 
INL. To bring the concrete close to ambient conditions, a “lead-in” period of several days was included in 
the time history. To give the concrete sections time to react to the temperature change, a “lag” period of 
several days was included in the time history. The 13-concurrent-day summer and winter time histories 
are shown below. 
 


Summer Time History Winter Time History 
Day High (°F) Low (°F) Mean (°F) High (°F) Low (°F) Mean (°F) 


1 94 44 69.0 10 -27 -8.5 
2 88 49 68.5 0 -37 -18.5 
3 90 45 67.5 10 -18 -4.0 
4 97 50 73.5 10 -12 -1.0 
5 93 66 79.5 1 -24 -11.5 
6 98 55 76.5 0 -35 -17.5 
7 96 56 76.0 -6 -40 -23.0 
8 97 69 83.0 3 -34 -15.5 
9 100 56 78.0 5 -18 -6.5 
10 100 63 81.5 6 -26 -10.0 
11 88 60 74.0 10 -22 -5.5 
12 94 51 72.5 9 -29 -10.0 
13 90 60 75.0 20 -6 7.0 
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The thermal forces and moments in the concrete structure are calculated from the mean concrete 
temperature and the temperature gradient across the concrete sections. Time dependent heat transfer 
calculations of various concrete sections were performed to determine the concrete temperatures to be 
used for structural analysis. The outside air temperatures were based on the summer or winter time history 
data. The inside air temperatures are taken from the HVAC design temperature data. 


 
Normal Operation Air Temperatures 


Location Summer (°F) Winter (°F) 


Transfer Area 


Outside Air Temperature Summer Time History Winter Time History 


CCA, FPA  90 50 


Transfer Tunnel 90 50 


Operating Areas 80 70 


Soil Temperature 60 40 


Storage Area 


Outside Air Temperature Summer Time History Winter Time History 


North, South and West Vault 
Walls Inside Air Temperatures 


Summer Time History Winter Time History 


Bottom of Storage Tubes Air 
Temperature 


Summer Time History Winter Time History 


Top of Storage Tubes Air 
Temperature (Charge Face) (1) 


Average of Time History Plus 
22° F 


Average of Time History Plus 
14° F 


Vault Dividing Wall Air Temp Average of Top and Bottom of 
Storage Tube 


Average of Top and Bottom of 
Storage Tube 


Tunnel Air Temperature 90 50 


Charge Hall Air Temperature 100 40 


Soil Temperature 60 40 


(1) The temperature model assumes the outside temperature exists at the base of the vault and then it 
increases as the air moves up along the loaded storage tube. A temperature rise of 22° F for summer 
conditions and 14°F for the winter conditions are based the average temperature rise along the storage 
tube for winter and summer conditions. 


 


3.2.5.1.7 Earthquake Loads (E) 


Earthquake loads are those attributable to the direct and secondary effects of the design earthquake. 
Section 3.2.3, Seismic Design, provides bases for developing earthquake loads in the form of acceleration 
response spectra or time-histories at the various locations of interest for the design of structures and 
equipment. 
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3.2.5.1.8 Flood Loads (F) 


Flood loads are those due to direct and secondary effects of the off-normal or design basis flood, 
including flooding due to severe and extreme natural phenomena, dam failure, fire suppression, and other 
accidents. The design basis flood loads are the hydrostatic pressures and buoyancy forces associated with 
the PMF water level at elevation 4920.71 feet above msl (NAVD 88) as described in Section 3.2.2, Water 
Level (Flood) Design. 


3.2.5.1.9 Tornado Loads (Wt) 


Tornado loads include wind pressures, pressure drop, and wind generated missiles produced by the design 
basis tornado are described in Section 3.2.1, Tornado and Wind Loadings. 


3.2.5.1.10 Off-Normal and Accident Thermal Loads (Ta) 


Off-normal thermal loads are those produced directly by or as a result of off-normal or design-basis 
accidents, fires, or natural phenomena. Although off-normal and design basis accident thermal loads are 
treated the same in the load combinations, there is a distinction between off-normal and design basis 
accident temperature limits for concrete. 


As permitted in Table 3-1 Loads and load combinations of NUREG-1536 (Ref. 3-26), thermal loads were 
neglected in the analyses of the steel building structures on the basis that the steel being used is ductile 
and the thermal stresses resulting from the changes in temperature are secondary and self-limiting in 
nature. 


Off-Normal Site Ambient Maximum and Minimum Temperatures 


• minimum off-normal site temperature = -40°F 


• maximum off-normal site temperature = 101°F 


Air Temperatures for Reinforced Concrete Structural Design  


In order to account for the daily and seasonal effects of the ambient temperatures, temperature records 
from the INL are used to develop design air temperature time histories for both the summer and winter. 
The normal winter and summer air temperature time histories discussed in Section 3.2.5.1.6 include the 
actual coldest and warmest consecutive 7-day periods recorded in the history of the INL. They are very 
close to or match the actual recorded off-normal temperatures presented above. Therefore, the same air 
temperature time histories defined for the normal ambient case are also considered applicable for the off-
normal case. 


Indoor air temperatures for the Storage Area and Transfer Area are based on outside temperatures under 
steady-state conditions. This assumption is conservative for direct application to concrete structural 
design because short-term temperatures have minimal effect on thick concrete walls and slabs due to their 
large thermal inertia. The indoor temperatures under off-normal and accident conditions have, in some 
cases, been moderated for concrete design to account for the transient nature of the outside temperatures. 


The tables below show the air temperatures for structural design for various zones of the Transfer Area 
and the Storage Area. These air temperatures serve as the input to determine the concrete surface 
temperatures and temperature gradients for structural analysis. 
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Transfer Area Air Temperatures for Reinforced Concrete Structural Design  


Concrete Temperatures are based on the following air temperatures: 
 


 
Case 1:  Normal Outside Temp 


and Loss of HVAC 
Case 2:  Off-Normal Outside 
Temp and HVAC Operating 


Location Summer (°F) Winter (°F) Summer (°F) Winter (°F) 
Outside Air Temperature Summer Time 


History 
Winter Time 


History 
Summer Time 


History 
Winter Time 


History 
CCA, FPA  93 48 90 50 
Transfer Tunnel 94 46 90 50 
Operating Areas Summer Time 


History 
Winter Time 


History 
80 70 


Soil Temp 60 40 60 40 
 


Storage Area Air Temperatures for Structural Design  


Concrete Temperatures are based on the following air temperatures: 


Case 1:  Normal Outside Temp  
Case 2:  Off-Normal Outside 


Temp  


Location Summer (°F) 
(No Fuel) 


Winter (°F) Summer (°F) Winter (°F) 
Outside Air Temperature Summer Time 


History 
Winter Time 


History 
Summer Time 


History 
Winter Time 


History 
North, South and West 
Vault Walls Inside Air 
Temperatures 


Summer Time 
History 


Winter Time 
History 


Summer Time 
History 


Winter Time 
History 


Bottom of Storage Tubes 
Air Temperature 


Summer Time 
History 


Winter Time 
History 


Summer Time 
History 


Winter Time 
History 


Top of Storage Tubes Air 
Temperature (Charge 
Face) (1) 


Average of Time 
History Plus 


22° F 


Average of Time 
History Plus 


14° F 


Average of Time 
History Plus 


22° F 


Average of 
Time History 
Plus 14° F 


Vault Dividing Wall Air 
Temp 


Average of Top 
and Bottom of 
Storage Tube 


Average of Top 
and Bottom of 
Storage Tube 


Average of Top 
and Bottom of 
Storage Tube 


Average of Top 
and Bottom of 
Storage Tube 


Tunnel Air Temperature 94 46 90 50 
Charge Hall Air 
Temperature 


100 Winter Time 
History 


100 40 


Soil Temperature 60 40 60 40 
(1) The temperature model assumes the outside temperature exists at the base of the vault and then it 
increases as the air moves up along the loaded storage tube. A temperature rise of 22° F for summer 
conditions and 14° F for winter conditions are based the average temperature rise along the storage 
tube for winter and summer conditions. 
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A comparison of the “Normal” temperature case, discussed in Section 3.2.5.1.6, and the “Case 2: Off-
Normal Outside Temperature and HVAC Operating” case shows that these are identical for structural 
design of the concrete. This is due to the enveloping nature of the time history used for both events.  


Accident Storage Area Air Temperatures for Structural Design  


An accident temperature load case is not explicitly modeled for the storage area structure. This load case 
is defined in Section 8.2.4.1 of the Safety Analysis Report as 50% blockage of the Storage Area vents. A 
comparison of the normal and accident conditions revealed a 3 °F temperature difference. Since the 
differences between the accident and normal summer load cases are so small, the two cases are 
considered to be equivalent as far as their overall influence on the structural design of the concrete is 
concerned.  


3.2.5.1.11 Accident Loads (A) 


Accident loads are those due to direct and secondary effects of an off-normal or design basis accident, as 
could result from an explosion, crash, drop, impact, collapse, gross negligence, or other human-caused 
occurrences. 


3.2.5.2 Load Combinations 


The following load combination have been used in the design and analysis of the ISF Facility structures, 
and are consistent with NUREG-1567 (Ref. 3-27), Section 4.5.3.2, and NUREG-1536, Table 3-1 
(Ref. 3-26). Load combinations from industry codes and standards (e. g., CMAA-70, ASME Boiler and 
Pressure Vessel Code) used to analyze specific systems and components within these structures are 
provided in Chapter 4. 


3.2.5.2.1 Reinforced-Concrete Structures 


Normal conditions Uc > 1.4D+1.7L 
Uc > 1.4D+1.7(L+H) 


Off-normal conditions Uc > 1.05 D + 1.275 (L + H + T) 
Uc > 1.05 D + 1.275 (L + H + T + W) 


Accident conditions Uc > D + L + H + T +( E or F) 
Uc > D + L + H + T + A 
Uc > D + L + H + Ta 
Uc > D + L + H + T + Wt 
Uc represents reinforced-concrete available strength 
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3.2.5.2.2 Reinforced-Concrete Footing/Foundations 


As noted in Table 3-1 of NUREG-1536, these load combinations are applicable for footing and 
foundation sections with load limited by the soil reaction. 


Normal conditions Uf > D + (L + G) 
Uf > D + (L + H+ G) 


Off-normal conditions Uf > D + (L + H + T + G) 
Uf > D + (L + H + T + W + G) 


Accident conditions Uf > D + L + H + T + E + G 
Uf > D + L + H + T + A + G 
Uf > D + L + H + Ta + G 
Uf > D + L + H + T + Wt + G 
Uf > D + L + H + T + F + G 
Uf represents strength of foundation sections 


3.2.5.2.3 Steel Structures Allowable Stress Design 


Normal conditions (S and Sv) > D + L 
(S and Sv) > D + L + H 


Off-normal conditions 1.3 (S and Sv) > D + L + H + W 
1.5 S > D + L + H + T + W 
1.4 Sv > D + L + H + T + W 


Accident conditions 1.6 S > D + L + H + T + (E or Wt or F) 
1.4 Sv > D + L + H + T + (E or Wt or F) 
1.7 S > D + L + H + T + A 
1.4 Sv > D + L + H + T + A 
1.7 S > D + L + H + Ta 
1.4 Sv > D + L + H + Ta 
S represents steel Allowable Stress Design (ASD) strength 
Sv represents steel ASD shear strength 


3.2.5.2.4 Overturning and Sliding 


Normal conditions and  
Off-normal conditions 


O/S >1.5 (D + H) 


Accident conditions O/S > 1.1 (D +H + E) 
O/S > 1.1 (D + H + Wt) 
O/S represents overturning/sliding resistance
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3.3 SAFETY PROTECTION SYSTEM 


3.3.1 General 


The ISF Facility is designed for safe and secure dry transfer and packaging, long-term confinement, and 
dry storage of the SNF as described in Section 3.1, Purposes of Installation. 


The key elements of the ISF Facility and its operation that require special design considerations include: 


• Designs of 3 cranes, 2 transfer trolleys, and over 24 special lifting devices are required to perform 
various handling and transfer operations. To minimize the potential for handling accidents, these 
cranes and transfer trolleys are designed as single-failure-proof cranes based on guidance in 
NUREG-0554, Single-failure-proof Cranes at Nuclear Plants (Ref. 3-28). With the exception of 
certain lifting devices within the fuel packaging area, the designs of the lifting devices satisfy the 
criteria of ANSI N14.6, American National Standard for Radioactive Materials -Special Lifting 
Devices for Shipping Containers Weighing 10,000 Pounds (4500 kg) or More (Ref. 3-29). 


• Multiple designs of the ISF canisters, baskets, and other internal components are required to 
accommodate the various types and configurations of the SNF. This is a significant aspect 
because there are three entirely different types of fuels, each requiring its own basket 
configurations. 


• Within the FPA, the layout and design of remote equipment that can unpack, handle, and package 
the types and configurations of fuels are required. This is a significant aspect because the 
operation requires the remote handling of fuel in a dry transfer system with the visual observation 
provided by means of shield windows or closed-circuit television cameras. The fuel is moved 
from existing DOE packages into ISF baskets within the FPA. 


• The dry storage portion of the system requires the design of the carbon steel storage tube and 
concrete storage vault to serve as the passive cooling system for decay heat removal. This is a 
significant aspect because of the use of a concrete storage vault rather than individual concrete 
storage casks or modular horizontal storage units on an open concrete pad. 


• A constant consideration in the design and operations process was to minimize personnel 
radiation exposure during the various transfer, packaging, and ISF canister closure operations. 
This is a significant aspect because the operation involves the handling and transferring of fuel in 
various dry transfer movements and work areas. 


3.3.2 Protection by Multiple Confinement Barriers and Systems 


3.3.2.1 Confinement Barriers and Systems 


The radioactive materials that the ISF Facility confines are described in Section 3.1.1. In contrast to 
typical commercial reactor fuels, the effects of temperature and operating conditions on the long-term 
behavior of the fuel cladding are not well documented for the particular fuel types stored at the ISF 
Facility. Furthermore, some fuels to be stored are known to be damaged (e.g., Peach Bottom 1 fuel with 
attached removal tools). Therefore, a decision was made not to rely on the fuel cladding as a confinement 
barrier in the design of the ISF Facility. Instead, all fuels will be placed in sealed canisters, consistent 
with the fuel canning requirements in 10 CFR 72.122(h)(1) and Interim Staff Guidance 1, Damaged Fuel 
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(Refs. 3-1 and 3-30). The multiple barriers listed in Table 3.3-1 confine these radioactive materials during 
storage. The following paragraphs further describe these barriers and systems as the SNF progresses from 
receipt at the ISF Facility until it enters dry storage. 


3.3.2.1.1 Existing Transfer Cask 


The confinement characteristics of the Transfer Cask are described in Appendix A, Safety Evaluation of 
the Transfer Cask. 


The Transfer Cask serves as the SNF confinement barrier from the time the Transfer Cask arrives at the 
ISF Facility until the Transfer Cask lid is no longer fully restrained (i.e., either the Transfer Cask lid 
closure bolts are not fully tensioned or the cask adapter remote release lid restraints are not fully 
engaged). 


3.3.2.1.2 Fuel Packaging Area 


The FPA serves as the confinement barrier and system from the time the Transfer Cask remote-release lid 
restraint (part of the cask adapter) is disengaged until the loaded ISF basked and shield plug are placed 
inside the ISF Canister. The FPA confinement barrier consists of the concrete walls of the FPA and FHM 
maintenance area, shield windows, port plugs (cask port, canister port, waste port, and process waste 
port), portions of the FPA HVAC system shown in Figure 4.3-5, through confinement wall service 
penetrations, the FHM maintenance personnel shielded access door, roof penetrations for lifting rods 
associated with the FPA/FHM maintenance shield door, hoist well, and inflatable seals between the 
bottom of the cask port and the cask adapter or between the lower side of the canister port and the 
components of the canister cask when the port plugs are removed. In addition, those portions of systems 
that penetrate the FPA confinement barrier (e.g., breathing air system) such that a breach of the system 
boundary could result in a release path from the FPA, shall also be considered as part of the FPA 
confinement boundary. 


The various SSCs that are part of the confinement barrier and system are evaluated for the postulated 
internal accidents or natural phenomena associated with the ISF Facility. These evaluations confirm that 
the confinement barriers remain in place or that loss of these barriers results in releases that are below 
limits defined in 10 CFR 72. The building structural evaluations are provided in Chapter 4, Installation 
Design. The dose and accident assessments are provided in Chapter 7, Radiation Protection, and Chapter 
8, Accident Analysis. 


The structural design criteria associated with these SSCs are defined in Chapter 4. 


The design is based on achieving a direct annual dose of 1000 mrem or less at the outside surface of the 
concrete walls and shield windows during normal operations and demonstrating that dose levels at the 
INL site boundary are below 10 CFR 72 limits for postulated off-normal and accident conditions 
(Ref. 3-1). 


The ventilation design criteria (see Section 3.3.2.2) require that the airflow is such that estimated releases 
of airborne radionuclides within the FPA are filtered by the HEPA filters within the FPA, the intermediate 
HEPA filters, and the final HEPA filters. 
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The confinement approach utilizes the overall guidance provided in Interim Staff Guidance 5 Revision 1, 
Confinement Evaluation (Ref. 3-31). 


3.3.2.1.3 Lower Subassembly of ISF Canister Containing a Loaded Basket and 
Shield Plug 


The lower subassembly (approximately 80 percent of the total height) of the ISF canister, basket, 
structure, and shield plug impede contamination migration while the SNF is in the lower subassembly of 
the ISF canister and is considered to provide the confinement barrier for the SNF until completion of the 
closure weld and seal weld of the ISF Canister. 


The various SSCs that are part of the confinement barrier and system are evaluated for the postulated 
internal accidents or natural phenomena associated with the ISF Facility. These evaluations confirm that 
the confinement barriers remain in place or that loss of these results in releases that are below limits 
defined in 10 CFR 72 (Ref. 3-1). The structural evaluations are provided in Chapter 4, Installation 
Design. The dose and accident assessments are provided in Chapter 7, Radiation Protection and 
Chapter 8, Accident Analysis. 


The structural design criteria associated with these SSCs are defined in Chapter 4. 


The direct dose through the ISF canister, shield plug, Transfer Tunnel, and shielding provided during the 
canister closure operations is part of the overall dose for workers at the ISF Facility. For the ISF canister, 
worker dose may be estimated by a combination of the amount of fuel in a given ISF canister, the internal 
basket configuration and self-shielding within the ISF canister, the shielding provided by SSCs external to 
the ISF canister at the CCA, and the time required for completion of the various canister closure 
operations. The overall dose administrative control level from all sources is 1000 mrem/year for workers 
at the ISF Facility. 


The estimated release of airborne radionuclides to the Transfer Tunnel or CCA is based on the airflow 
through the gap between the inside wall of the ISF canister and the outside diameter of the shield plug. 
The airflow is a result of the natural convection of the air being heated by the decay heat of the spent fuel 
and the canister heater. The radionuclide compositions for the SNF are described in Section 7.2. 


The ventilation design criteria (see Section 3.3.2.2) require that the airflow is such that estimated releases 
of airborne radionuclides within the Transfer Tunnel and CCA are filtered by intermediate HEPA filters 
located in these areas and the final HEPA filters. 


The confinement approach utilizes the overall guidance in Interim Staff Guidance 5, Revision 1, 
Confinement Evaluation (Ref. 3-31). 


3.3.2.1.4 Sealed ISF Canister 


The closure welds on the ISF Canister are completed in the CCA. After completion of the closure weld 
between the ISF Canister lower subassembly and canister upper subassembly, the internal volume of the 
ISF Canister is vacuum dried, backfilled with helium, and the closure weld is helium leak tested and non-
destructively examined. The vacuum drying and helium backfill line is then removed and the vent plug is 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 3.3-4 


 


  


seal welded, and the seal weld non-destructively examined. With the final closure of the ISF Canister 
complete, the ISF Canister becomes the primary confinement boundary for the SNF.  


During transfer of the ISF Canister to its storage position, the ISF Canister is protected from damage by 
the Canister Trolley, the Transfer Tunnel, and CHM. The ISF Canister shield plug, Cask Trolley, Transfer 
Tunnel and CHM turret provide radiation shielding of the SNF during transfer. These SSCs have been 
evaluated for postulated off-normal events and accidents. The structural evaluations of these SSC are 
discussed in Chapter 4, Installation Design. The shielding evaluations and dose assessments are discussed 
in Chapter 7, Radiation Protection, and evaluations for off-normal and accident conditions are discussed 
in Chapter 8, Accident Analysis. 


3.3.2.1.5 Storage Tube and ISF Canister 


The ISF Canister provides the primary confinement barrier for the SNF, while the Storage Tube provides 
a secondary confinement barrier. The various SSCs that are part of the confinement barrier and system are 
evaluated for the postulated internal accidents or natural phenomena associated with the ISF Facility. 
These evaluations confirm that the confinement barriers remain in place or that loss of these results in 
releases that are below limits defined in 10 CFR 72 (Ref. 3-1). The structural evaluations are provided in 
Chapter 4, Installation Design. The dose and accident assessments are provided in Chapter 7, Radiation 
Protection, and Chapter 8, Accident Analysis. 


The structural design criteria associated with these SSCs are defined in Chapter 4. 


The direct dose through the ISF canister, shield plug, storage tube assembly, and concrete storage vault 
during the dry storage time period is part of the overall dose for workers at the ISF Facility. For the ISF 
canister, worker dose may be estimated by a combination of the amount of fuel in a given ISF canister, 
the internal basket configuration and self-shielding within the ISF canister, and the shielding provided by 
SSCs external to the ISF canister. The overall dose administrative control level from all sources is 
1000 mrem/year for workers at ISF Facility. 


The storage tube is vacuum dried, backfilled with helium, and helium leak tested. The helium-filled 
storage tube provides an inert environment for corrosion control. 


The Storage Area is at atmospheric pressure with an upward airflow due to the natural convection of the 
air in the Storage Area being heated by the decay heat of the SNF. 


The confinement approach utilizes the overall guidance in Interim Staff Guidance 5, Revision 1, 
Confinement Evaluation. 


3.3.2.2 Ventilation and Off-Gas Systems 


3.3.2.2.1 Criteria Selected for Providing Suitable Ventilation for Fuel Handling and 
Storage Structures 


The criteria selected for providing suitable ventilation for fuel handling and storage structures are defined 
below. 
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3.3.2.2.2 Capacity Standards for Normal and Off-Normal Conditions 


System capacities are designed to meet requirements for airborne contamination control, ventilation, 
heating, and cooling under normal and off-normal operating conditions except for the off-normal 
conditions involving loss of the HVAC systems.  


With respect to airborne contamination control, the ISF Facility has defined airborne contamination 
control zones and established a HVAC design criterion that airflow must travel from the zone with the 
least potential for contamination to the zone with the highest potential for contamination. 


The ventilation design criteria for normally occupied areas in the secondary contamination control zone 
(these contamination control zones are defined in the next section) requires a minimum of four (4) air 
changes per hour as recommended in the ASHRAE Design Guide for Department of Energy Nuclear 
Facilities (Ref. 3-32). 


The heating and cooling criteria (minimum and maximum area temperatures) of the HVAC system design 
are described in Section 4.3.1. 


3.3.2.2.3 Zone Interface Flow Velocity & Differential Pressure Standards 


The ISF Facility is divided into four airborne contamination control zones with varying degrees of hazard: 


• an inner (primary or zone 1) contamination control zone where radioactive materials are remotely 
handled and packaged 


• an intermediate (secondary or zone 2) contamination control zone where some potential for 
radioactive release may exist 


• an outer (tertiary or zone 3) contamination control zone where there is little potential for 
radioactive release 


• a radioactively clean (ancillary or zone 4) area surrounding the tertiary zone. 


The HVAC systems are designed to establish decreasing pressures between the four zones so that 
differential pressure creates inward airflow from a higher numbered zone to a lower numbered zone. The 
HVAC system is designed with a 10% load margin. Chapter 4 describes the features of the HVAC system 
in greater detail. 


3.3.2.2.4 Flow Pattern 


The HVAC design establishes flow patterns from the higher numbered (less contaminated) contamination 
control zone to the lower numbered (more contaminated) contamination control zone. 


3.3.2.2.5 Control Instrumentation 


Room pressures are maintained by varying the amount of supply air delivered to the room. The amount of 
exhaust air remains constant. The total volume of supply air is always less than the total volume of 
exhaust air. The supply fan is interlocked with the exhaust fan and does not run unless the exhaust fan is 
running. The redundant supply fans are interlocked to prevent simultaneous operation. A similar interlock 
exists for the redundant exhaust fans. 
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The control system monitors room pressure, initiates alarms, and automatically shuts down the supply fan 
if a positive pressure is detected in either a primary or secondary contamination control zone. 


3.3.2.2.6 Criteria for the Design of the Ventilation and Off-Gas Systems 


The ventilation and off-gas systems have the following design criteria. Table 3.3-2 summarizes how these 
criteria are applied to the five confinement boundaries defined in Section 3.3.2.1. 


3.3.2.2.7 Airflow Patterns and Velocity with Respect to Contamination Control 


As noted in Section 3.3.2.2.3, the ISF Facility is classified into four airborne contamination control zones. 
The ventilation systems are designed to ensure that room pressures establish airflow from the areas of 
least expected contamination to most expected contamination. The velocity when doors, ports, or plugs 
are opened must be such that this airflow direction is maintained. 


3.3.2.2.8 Minimum Negative Pressures at Key Points in the System to Maintain 
Proper Flow Control 


The minimum negative pressure differentials at key interfaces between adjacent zones are: 


• zone 4 to zone 3 (-) 0.05 inch w.g. 


• zone 3 to zone 2 (-) 0.10 inch w.g. 


• zone 2 to zone 1 (-) 0.20 inch w.g. 


3.3.2.2.9 Interaction of Off-Gas Systems with Ventilation Systems 


A single off-gas system is provided. The HVAC systems that may contain contamination connect to the 
final HEPA filters that in turn connect to the exhaust stack by ductwork. The ductwork from the final 
HEPA filters out through the exhaust stack is welded construction. 


The exhaust stack height is determined by calculation and plume dispersion modeling to ensure that 
radiation levels at the site boundary do not present a risk to the health and safety of the public. The 
exhaust stack contains an isokinetic sampler and sample ports. The sample ports are located 90 degrees 
apart, at least 8 stack diameters above the inlet and at least 2 stack diameters below the outlet.  


3.3.2.2.10 Minimum Filter Performance with Respect to Particulate Removal 
Efficiency and Maximum Pressure Drop 


HEPA filters are installed within the FPA on the exhaust ducts leaving the room. These filters act as pre-
filters to protect the downstream ductwork from contamination and serve as part of the confinement 
boundary. When a change is required, a filter is isolated by a downstream damper and changed remotely 
with a manipulator controlled from the operating gallery. The HEPA filters do not require aerosol testing 
because they are used as intermediate filters. 


Additional HEPA filters installed in other areas protect supply and exhaust ductwork from contamination 
and to restrict backflow through the supply ducts should the downstream rooms become pressurized. 
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HEPA filters are installed immediately upstream of the exhaust air discharges to the exhaust stack. These 
filters are the final filtration point for removing radioactive particles from the exhaust air. Each final filter 
unit consists of one stage of pre-filters followed in series by two stages of HEPA filters. The HEPA 
filters, housed in metal enclosures, are Type B nuclear grade and meet the requirements of ANSI N509 
and ANSI N510 (Refs. 3-33 and 3-34). Isolation dampers are installed between parallel banks of HEPA 
filters to facilitate filter changes. Instrumentation on the filter housing monitors temperatures, flow rates, 
and differential pressures (dust loading). Injection and sample ports accommodate in-place aerosol 
efficiency tests. 


Typical design operating conditions for HEPA filters are 90ºF, 90 percent relative humidity, and 
1.3 inches w.g. differential pressure at 1500 cfm. 


3.3.2.2.11 Minimum Performance of Other Radioactivity Removal Equipment 


The ductwork does not act as removal equipment, but it is integral to the overall HVAC system function 
and meets the requirements discussed below. 


Supply ductwork serving zones 1 and 2 is fabricated and installed in accordance with SMACNA’s high-
pressure duct construction standards due to the pressures involved (Ref. 3-35). All ductwork is galvanized 
steel with a minimum 1-inch duct liner for thermal insulation. 


Exhaust ductwork serving zones 1 and 2 is fabricated and installed in accordance with ERDA 76-21 
(Ref. 3-36), ASME N509, and SMACNA’s high-pressure duct construction standard. Ductwork design is 
based on high (Class 2) contamination levels in the ductwork between the FPA and the final HEPA 
filters, moderate (Class 3) contamination levels in all other areas, and an operating mode in which the 
exhaust system is shut down in case of an accident. Ductwork from the FPA to the final HEPA filters is 
welded construction (Class 4) due to potential contamination. Ductwork from the final HEPA filters to 
the exhaust stack is welded construction due to the pressures involved. 


3.3.2.2.12 Minimum Performance of Dampers and Instrumented Controls 


Dampers in ductwork serving zones 3 and 4 are, as a minimum, commercial-quality (Class D) 
construction in accordance with ERDA 76-21. Dampers in the supply ductwork serving Zones 1 and 2 
are, as a minimum, commercial-quality (Class D) construction with the exception of the isolation dampers 
on the intermediate HEPA filters, which are industry-quality (Class C, Group 1-A) construction. Dampers 
in the exhaust ductwork serving zones 1 and 2 are industrial-quality (Class C) construction with the 
exception of the isolation dampers for the FPA HEPA filters, which are ASME N509 (Class A, Group 1) 
construction. 


Tornado dampers installed at ductwork penetrations into the FPA automatically close in the event of a 
tornado. These dampers are designed to prevent the release of contamination due to pressure differentials. 


Radiation monitoring devices on the exhaust stack and the recirculating heating and cooling units initiate 
alarms locally and in the operations monitoring area if airborne radiation exceeds allowable levels. 


A Process Monitoring Control System (PMCS) controls and monitors HVAC systems throughout the 
facility. The PMCS permits centralized programming, monitoring, alarm annunciation, and trending of 
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the HVAC processes. It also transmits data to other systems such as the fire detection, radiation 
monitoring, and site security systems. 


The HVAC system employs electric controls and actuators for all control functions. Analog and digital 
field devices gather data for system control, status, monitoring, and alarm. Input data include 
temperatures, pressures, flow rates, damper and valve positions, and equipment status. The PMCS control 
algorithms manipulate this data and send digital output signals to electric damper and valve actuators, 
variable frequency drives, silicon controlled rectifiers, and similar output devices for corrective action. 
The HVAC system uses no pneumatic control devices. 


3.3.3 Protection by Equipment and Instrumentation Selection 


3.3.3.1 Equipment 


Key equipment specifically selected to provide protection to the SNF is summarized in Table 3.3-3. 
Key subsystems or components for key equipment are provided along with the key design criteria. 
Additional design criteria and further discussions of subsystems and components are provided in 
Chapters 4, 5, and 8. 


3.3.3.2 Instrumentation 


The instrumentation and controls for significant SSCs are described in Section 5.4. In accordance with 
10 CFR 72.122, the controls philosophy for ITS designated equipment prohibits any single failure to 
either cause a loss of safety function or to impair the mitigation of a failure event (Ref. 3-1). All control 
systems with single-failure-proof requirements are implemented using redundant controls that prohibit a 
single failure from affecting the ability of the system to perform its safety function. Typically redundancy 
will be accomplished through the use of two control channels, which are electrically independent and 
physically separated to the extent necessary for each channel to remain uninfluenced by equipment 
failure, short circuit, overload, or fire on the opposing channel. 


Instrumentation requirements to support the key equipment listed in Table 3.3-3 are provided in 
Table 3.3-4. 


3.3.4 Nuclear Criticality Safety 


10 CFR 72.124 requires that spent nuclear fuel storage facilities be designed for criticality safety, 
incorporate appropriate methods of criticality control, and include criticality monitoring systems where 
spent nuclear fuel is handled or stored. For typical commercial fuels, these requirements are to be met by: 


• Ensuring that at least two unlikely, independent and concurrent or sequential changes must occur 
in the conditions essential to nuclear criticality safety before a nuclear criticality accident is 
possible; 


• Including margins of safety for nuclear criticality parameters that are commensurate with the 
uncertainties in the data and methods of analysis; 
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• Basing designs on the use of favorable geometry, permanently fixed neutron absorbing materials, 
or both; and 


• Including criticality monitoring and alarm systems in areas where spent nuclear fuel is handled 
and/or stored. 


Commercial fuels typically consist of low enrichment (2.5% to 8%) 235U in a UO2 matrix. Large numbers 
of small UO2 pellets are loaded into long narrow zirconium alloy tubes, which form the fuel cladding. 
Each tube, or rod, is seal welded and placed into an array along with 100 or more similar rods.  


The fuels to be stored at the ISF Facility differ from commercial fuels in several ways that could 
potentially impact criticality safety. 


• TRIGA Fuel. TRIGA fuel elements consist of a UZrH slug, containing 8 to 9 weight percent 
uranium enriched to 20% 235U. This slug is placed between two solid graphite reflectors and 
loaded into a stainless steel or aluminum outer shell that forms the fuel element cladding. The 
higher enrichment, UZrH fuel composition and relatively small size (approximately 30 inch total 
length) make the TRIGA elements more reactive than typical commercial fuels. 


• Peach Bottom Fuel. Peach Bottom fuel elements consist of small microspheres of uranium 
carbide enriched to over 93% 235U, embedded into solid annulus-shaped graphite compacts. These 
annular compacts are loaded onto a central graphite spine that runs the length of the fueled region 
of the element. An upper and lower graphite reflector is placed above and below the fueled 
region. A pyrolytic carbon sleeve holds the element together and acts as the outer cladding. 
Although the Peach Bottom fuel contains a higher enrichment than typical commercial fuels, the 
wide dispersion of the fissile material within the element and its carbon composition make it less 
reactive than typical commercial fuel. The key concern with the Peach Bottom fuel is the 
relatively low initial strength and possible embrittlement of the graphite sleeve as compared to 
typical metallic fuel claddings; therefore, unfavorable geometries could potentially be created by 
structural failure of the fuel element. 


• Shippingport Reflector Modules. Shippingport Fuel Reflector Modules are similar in design to 
commercial fuel assemblies, with the key difference that the assemblies contain ThO2 pellets 
instead of UO2 pellets. As there is no initial fissile material loading, and very little in-breeding of 
233U during reactor operations, the Shippingport Reflector assemblies do not pose criticality 
concerns. 


The ISF Facility has used standard criticality control methods in the design basis for the facility, 
incorporating additional analyses and evaluations as appropriate to deal with the unique nature of the 
fuels to be handled and stored. In particular, the ISF Facility design: 


• Ensures that at least two unlikely, independent and concurrent or sequential changes must occur 
in the conditions essential to nuclear criticality safety before a nuclear criticality accident is 
possible. Criticality evaluations specifically considered fuel handling events particular to the 
unique fuel types to be stored to ensure that the double-contingency criteria would be achieved. 
These included analyzing criticality scenarios involving structural failure of the Peach Bottom 
elements. 
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• Includes margins of safety for nuclear criticality parameters that are commensurate with the 
uncertainties in the data and methods of analysis. Calculations have been performed using an 
industry-standard computer code (MCNP), benchmarked to fuels that are similar to those to be 
handled at the ISF facility. The results of the calculations incorporate appropriate margins for 
uncertainty and bias in the calculations based on these benchmarks. Burn-up of these fuels was 
not credited in the calculations for maintaining criticality safety. 


• Ensures favorable geometry to prevent criticality. The design of fuel handling and storage areas 
incorporates engineered features to ensure that favorable geometries are maintained during 
handling and storage conditions. Permanently fixed neutron absorbing materials present in the 
storage containers to meet repository requirements are not credited in the ISF Facility criticality 
safety calculations. 


• Includes appropriate criticality monitoring and alarm systems. 


Criticality safety analyses that consider the above features required by 10 CFR 72.124 have demonstrated 
that there are adequate safety margins for handling and storage operations involving the specific fuel 
types present at the ISF Facility. 


3.3.4.1 Control Methods for Prevention of Criticality 


The control methods for prevention of criticality are based on either limitation of the amount of fissile 
material or engineered features. Criticality safety of the system does not rely on the use of burn-up credit. 
Criticality safety of the system does not rely on the use of burnable or fixed neutron absorbing materials 
(poisons). 


Five design criteria are applied to the SNF from arrival at the ISF Facility to storage in the concrete vault. 
Table 3.3-5 summarizes where each design criteria is considered. Chapter 4 provides the detailed 
discussion of the design as well as the criticality considerations. 


3.3.4.2 Error Contingency Criteria 


The multiplication factor (keff), including all biases and 2σ uncertainty does not exceed 0.95 at a 
97.5 percent confidence level under all credible normal, off-normal, and accident conditions. 


3.3.4.3 Verification Analyses 


The criteria used for establishing the verification of models or programs used in the criticality analyses 
are provided below. 


3.3.4.3.1 Verification Analyses Associated with the Existing DOE Transfer Cask(s) 


Criticality safety features of the Transfer Cask are described in Appendix A, Safety Evaluation of the 
Transfer Cask. 


Verification of the criticality analysis for the Transfer Cask is addressed in Appendix A. 
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3.3.4.3.2 Verification and Validation of Computing Techniques 


The verification of the mathematical models embedded in the computer code was acceptably tested to 
ensure that the design analysis application is acceptable. Validation is intended to demonstrate that 
software has been properly coded, installed on a computer, and performs the intended functions for a 
given set of input. Validation of the reliability of the computer programs used for performing safety 
calculations is assured by comparing the calculation results for identical cases between computers and 
periodically for identical cases on the same computer. Computers using the same version of the MCNP 
Monte Carlo code (Ref. 3-37) and the ENDF/B library (Ref. 3-38), have been shown to provide the same 
results. The specific version of the MCNP code used for various criticality safety calculations is identified 
in Chapter 4, Appendix 4A. 


The objective of the validation activity is to determine the difference between the experiment keff (usually 
keff =1.0000) and the keff calculated for the experiment, and using this to determine the lower confidence 
band on the data. This is then used to set the maximum safe calculated keff for a safety analysis. 


The computational method combining the MCNP code using the ENDF/B-VI cross section library has 
been validated for calculations for several different fissile materials. These materials include plutonium 
experiments with 240Pu no greater than 8 weight percent, fully enriched uranium experiments with 235U 
about 93 weight percent in uranium, and 233U experiments. Additional highly enriched uranium (HEU) 
experiments, intermediate enriched uranium, and 233U experiments have been added to the original HEU 
database to represent the ISF fuel in determination of the bias of the computational method and the 
subcritical limit. The subcritical limit is based on the validation results of the code and cross sections used 
on the computers performing criticality safety calculations. Since the spent fuels committed to the ISF 
program are differently configured than the earlier experiments, the additional evaluated experiments 
were added to the experiment data set to show that the safety limit is not compromised by including 
experiments appropriate to the ISF fuel with the original data set. 


Code validation is required to meet several national standard and quality assurance requirements. National 
Standard ANS 8.1 requires that calculation methods used for criticality safety analysis be validated and 
that any bias must be determined by correlating the calculations to experimentally determined results 
(Ref. 3-39). Several sources exist for determining safe limits for handling fissile material outside of 
reactors, but these provide limits only for simple systems and are normally limited to single bounding 
conditions. Such limits are often too restrictive to be practical or economical. In order to provide less 
restricting limits, many fissile material operations can be shown to be safe with higher limits than found 
in these standard references by using two or more bounding conditions. It is not normally possible to 
determine such safe limits to an operation without using a flexible, validated computational method that is 
capable of performing calculations involving complex geometry and compositions. 


Experiments used in this validation study are taken from experiment evaluations or input databases 
developed by the International Criticality Safety Benchmark Evaluation Program (ICSBEP) (Ref. 3-40). 
These experiments, along with a discussion of their appropriateness as benchmarks for the types of fuels 
associated with the ISF Facility, are provided in Section 5.0 Critical Benchmark Experiments of 
Chapter 4, Appendix 4A. Using this data source has several advantages. Because the evaluations are peer 
reviewed, both within the authoring organization and by an independent technical reviewer, workup of 
basic data is not required and the chances of error are minimized. Using the input database also minimizes 
the chances of errors in input for a specific computer code. Selected experiments have been obtained from 
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reviews of the available evaluations. In the original ISF project validation, a total of 128 HEU 
experiments with 235U weight percents in uranium of 89 or greater were taken as input listings from either 
the input database, or (because input listings for all cases were not available in the database) from input 
listings in individual evaluations. Although the earlier evaluations contained listings of all cases 
developed in the evaluations, later evaluations contain only examples. If any cases were not found in 
either source, no attempt was made to develop the input for those cases because a sufficient number of 
cases was obtained from those available. All input listings were reviewed to ensure that they accurately 
reflected the reported data and were modified when necessary. The calculations have all been 
standardized at a total of 800,000 neutron histories calculated for each of the cases that have been 
identified. 


The experiments included fissionable material compositions ranging from hydrogen-to-fissile-atom ratio 
(H/Fissile) equal to 0 (metal) to H/Fissile equal to 2800 (very dilute solutions). Experiments with close 
reflectors of thick water, thick concrete including partial reflectors, and thin stainless steel were included. 
Shapes included spheres, cylinders, and slabs, and two-dimensional arrays of cylindrical tanks and three-
dimensional arrays of cylinders as part of the data set. Some evaluated experiments that had interfaces of 
strong neutron absorbing material were excluded because it was considered that these experiments might 
incorrectly bias results intended to be applied to systems without neutron absorbers. 


The calculated keffs and method used to determine the bias are shown in Section 5.0 of Chapter 4, 
Appendix 4A.  


3.3.5 Radiological Protection 


ISF Facility design, administrative control, and personnel training provide the necessary radiological 
protection to maintain public and occupational doses As Low As Reasonably Achievable (ALARA) 
during transfer and storage of SNF and associated high level radioactive material. 


Design personnel use ALARA checklists to ensure the implementation of ALARA philosophy in the ISF 
Facility design. The checklists serve as tools in aiding design personnel to consider features that may be 
included to reduce worker exposure and enhance the overall safety of the ISF Facility. 


Chapter 7 provides further details on design and procedural considerations for radiation protection for 
public and occupational doses resulting from the ISF Facility operations. 


3.3.5.1 Access Control 


The peripheral fence enclosing the ISF Facility defines the boundary of a restricted area that limits access 
for the purpose of protecting individuals against risks of exposure to radiation and radioactive materials. 
The restricted/exclusion area boundary is shown in Figure 4.1-1.  


Access to the restricted area is granted only to authorized persons. The ISF Facility Physical Protection 
Plan describes the methods and devices used to control access to the restricted area, including detection, 
assessment, and response to unauthorized access.  


From the boundary of the restricted area, a controlled area extends to the limits of the INL site. The 
controlled area boundary coincides with the INL site boundary and is consistent with the controlled area 
boundary established for the nearby TMI-2 ISFSI (Ref. 3-14). DOE exercises control over this area. 
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Table 3.3-6 summarizes the criteria for radiological protection design applicable for the restricted and the 
controlled areas. 


3.3.5.2 Shielding 


Maintaining radiation doses ALARA is an ISF Facility design constraint. The design accommodates 
ALARA considerations through the use of concrete and steel structures. Where these structures are not 
sufficient to provide protection, the design provides for additional measures such as dedicated shielding 
or remote operation. 


An estimate of collective doses (in person-mrem) per year in each area and for major operations is 
provided in Chapter 7. 


3.3.5.3 Radiological Alarm Systems 


Radiological monitoring and contamination control at the ISF Facility ensure that radiation exposure and 
release limits prescribed by 10 CFR 20 are not exceeded (Ref. 3-41). Monitoring employs, as appropriate, 
fixed area radiation monitoring (ARM) instrumentation and continuous airborne monitoring (CAM) 
instrumentation. 


Fixed ARM instrumentation is located in key areas of the facility. ARMs are generally in frequently 
occupied areas with the potential for unexpected increases in dose rates and in remote locations where 
there is a need for local indication of dose rates before personnel enter the area. Alarm set-points are 
established by evaluating the nominal area dose rate. A typical set-point could be twice the nominal 
background dose rate or it may be a fixed area dose rate that triggers an alarm to notify personnel if 
exceeded. The alarm is visual and audible locally with a corresponding signal to the IDCS. ARMs may 
also trigger local and facility interlock alarms. 


Dedicated criticality monitoring is provided for the Fuel Packaging Area by detectors located on or near 
the exterior walls. The criticality alarm trip point is high enough to minimize alarms from sources other 
than criticality and low enough to detect the minimum accident of concern. The set-points for criticality 
monitors are based on critical exposure levels, monitor position, and the distance between monitors and 
potential sources. 


Air sampling and monitoring is required by 10 CFR 20.1703(a)(3)(i) to evaluate airborne hazards 
whenever respiratory protective equipment is used to limit intakes in accordance with 10 CFR 20.1702 
(Ref. 3-41). Air sampling and monitoring is also performed in situations where respiratory protection is 
not required but the airborne radioactivity level can fluctuate and early detection of airborne radioactivity 
could prevent or minimize intakes. A CAM is installed in occupied areas where facility personnel without 
respiratory protection are likely to be exposed to a concentration of radioactivity in air exceeding 
40 derived air concentration (DAC) hours in a day or where there is a need to alert potentially exposed 
workers to unexpected increases in the airborne radioactivity levels. CAMs are used to detect 
breakthrough of the HEPA filters downstream of the FPA. 


Each CAM is configured with a set-point appropriate to its primary function. For CAMs that monitor 
occupied work areas, the set-point is some level of activity above the established background. Typical 
alert and alarm set-points are 10 and 33 percent of DAC, respectively. A CAM alarm in a work area 
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prompts an evacuation of the immediate area per administrative procedures. Response to an alarm is 
determined by administrative procedures. For CAMs that monitor the discharge air downstream of the 
HEPA filters from the FPA, a set-point is assigned that indicates breakthrough of the filters and prompts 
maintenance activity.  


Record sampling and continuous air monitoring is performed at the exhaust stack. Collection and analysis 
of the filters is a manual procedure and there are no interlocks or alarms associated with the record 
sampler. In the event that laboratory results indicate above-normal activity, administrative procedures 
determine the appropriate response actions. The CAMs that monitor stack releases have alarm set-points 
that will indicate potential radiation releases. Typical alert and alarm set-points are 50 and 100 percent of 
the 10 CFR 20 Appendix B, Table 2 effluent concentrations daily limit above background, respectively. 


3.3.5.4 Proximity to Other Nuclear Facilities 


The ISF Facility is adjacent to INTEC which contains several individual nuclear facilities. These 
facilities, along with others located several miles away, are described in Chapter 2. A design criterion of 
the ISF Facility requires that the cumulative annual whole body dose equivalent to any individual located 
at the controlled area boundary not exceed 25 mrem. This criterion complies with the requirements of 
10 CFR 72.104.  


3.3.6 Fire and Explosion Protection 


Explosions internal and external to the ISF Facility are not considered credible, as described in Chapter 8. 
Fire protection design features of the facility comply with 10 CFR 72.122 as described below (Ref. 3-1). 


ITS SSCs are typically robust devices that are largely impervious to the types of fires considered credible 
for the ISF Facility. Where the performance of a safety function depends upon control instrumentation, 
e.g., a limit switch, the design employs redundant circuits that are independent and physically separated. 


Where practical, equipment within the facility is constructed of noncombustible and heat-resistant 
materials. Fire barriers contain a fire at its point of origin and prevent its spread to adjacent areas. 
Operating procedures minimize the amount of combustible material within the facility by establishing 
housekeeping standards and restricting the use of flammable consumables. For example, the amount of 
fuel carried by the Transfer Cask transporter is limited to a small amount to limit the magnitude of a 
potential fire. 


The ISF Facility employs a fire suppression system with a site-wide water header supplying hydrants, 
automatic sprinklers in selected locations, and several standpipes with hose connections. To avoid the 
possibility of inadvertent criticality, automatic suppression devices are not installed in areas such as the 
FPA where water might contact or surround SNF. INTEC is the source of fire-fighting water to the ISF 
site through two independent water mains. A fire detection system provides prompt indication of a fire 
and generates local and remote alarms to summon a response from the INL fire department. 


The fire suppression system has redundant pumps and supply piping to lessen the likelihood of system 
failure. Within the ISF site, valves at various points in the ring header can isolate damaged sections. In the 
unlikely event of a total system failure, the facility is equipped with portable fire extinguishers at various 
locations. 
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An inadvertent actuation of the suppression system could cause failure of electrical equipment through 
water impingement or immersion. The facility’s design accommodates this possibility by configuring 
facility equipment to fail into a safe condition or loss of electrical power. 


In accordance with NUREG 0800 and NFPA 801 (Refs. 3-12 and 3-42), a Fire Hazards Analysis (FHA) 
was prepared. The FHA forms the basis for the overall fire protection design, including building 
occupancies, building construction, primary and secondary means of suppression, and combustible 
loading. Detailed design features and requirements of each element of the Fire Protection System are 
discussed in Chapter 4. The off-normal and accident conditions involving fire are discussed in Chapter 8. 


3.3.7 Materials Handling and Storage 


3.3.7.1 Spent Fuel or High-Level Radioactive Waste Handling and Storage 


This section provides descriptions and design criteria for the key systems used in the handling and storage 
of SNF. 


Table 3.3-7 summarizes the SNF handling and storage system design criteria with respect to: 1) cooling 
requirements for the SNF, 2) onsite movement criticality control, 3) contamination control, and 4) ability 
to handle damaged fuel or waste containers for the key equipment. Key equipment is identified in 
Section 3.3.3.1. 


In addition to the criteria discussed above, SSCs that contain or handle SNF have passive heat removal 
capability that is inherently reliable and able to be tested. 


With respect to SNF retrievability, design criteria differentiate between two situations. During handling 
and packaging operations, an individual fuel element (for intact fuel) or an individual fuel fragment (for 
non-intact fuel) can be retrieved and placed in a basket. Once SNF is sealed within an ISF Canister, the 
lowest level of retrievability is the canister. 


3.3.7.2 Radioactive Waste Treatment 


The radioactive waste treatment criteria as defined in NRC Regulatory Guide 3.48 are listed in 
Table 3.3-8 together with a description of their implementation at the ISF Facility (Ref. 3-43). Chapter 6 
discusses the specific facility design. 


3.3.7.3 Waste Storage Facilities 


No long-term waste storage occurs at the ISF Facility. The facility’s waste processing capabilities are 
detailed in Chapter 6. 


3.3.8 Industrial and Chemical Safety 


Industrial and chemical safety standards for the ISF project are governed by Occupational Safety and 
Health Administration Standards 29 CFR 1910 (Ref. 3-44), and 29 CFR 1926 (Ref. 3-45), and managed 
under DOE’s Health and Safety Program. Subpart H, Hazardous Materials and Subpart–Z, Toxic and 
Hazardous Substances, specifically address chemical safety. 
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An Integrated Safety Management System (ISMS) conforming to 48 CFR 970.5204-2, Integration of 
Environment, Safety, and Health into Work Planning and Execution, provides an overall graded approach 
to environmental safety and worker health and safety (Ref. 3-46). 


During operation of the ISF, hazardous chemical substances will not be introduced into the facility 
without review, approval, and appropriate control measures. Decontamination operations are conducted 
with materials that will not create Resource Conservation and Recovery Act (RCRA) wastes. 


Appropriate sections of 10 CFR 40 regarding protection of the environment are applicable to the ISF 
Facility and are implemented through compliance with the following Federal Acquisition Regulations 
(Refs. 3-47 and 3-46): 


52.223-2 Clean Air And Water  Apr 1984 
52.223-3 Hazardous Material Identification And Material Safety Data Jan 1997 
52.223-5 Pollution Prevention And Right-To-Know Information Apr 1998 
52.223-13 Certification Of Toxic Chemical Release Reporting Oct 1996 
52.223-14 Toxic Chemical Release Reporting Oct 1996 
52.236-13 Accident Prevention Nov 1991 
952.223-71 Integration Of Environmental, Safety And Health Into Work 


Planning And Execution 
Apr 1984 


In addition to the industrial safety provisions described above, administrative controls and design features 
also provide for access to the facility by offsite emergency services such as ambulance service, fire 
departments, and law enforcement agencies. 
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3.4 CLASSIFICATION OF STRUCTURES, SYSTEMS, AND COMPONENTS 


ISF Facility SSCs are classified either ITS or NITS. In accordance with 10 CFR 72.3, SSCs are classified 
ITS if they have a feature that functions to: 


• maintain the conditions required to store SNF or high-level radioactive waste safely 


• prevent damage to the SNF or the high-level radioactive waste container during handling and 
storage 


• provide reasonable assurance that SNF or high-level radioactive waste can be received, handled, 
packaged, stored, and retrieved without undue risk to public health and safety 


Table 3.4-1 identifies SSCs classified ITS and the SAR section(s) that provide the basis for the ITS 
classification. For clarity, the SSCs are grouped by their location within the facility. The design 
considerations of SSCs considered ITS are discussed in Chapter 4. 


Quality assurance requirements for the design, fabrication, erection, maintenance, and testing of ITS 
SSCs are described in the ISFSI Quality Assurance Program (Ref. 3-48). 


The pressure boundaries of the Storage Tube and ISF Canister are designed and fabricated to Section III 
of the ASME Boiler and Pressure Vessel Code (B&PVC) (Ref. 3-51). The ISF Baskets are designed to 
the criteria of ASME B&PVC Section III. 


The fabrication of the ISF Baskets is in accordance with the ISFSI Quality Assurance Program (QAP) 
rather than B&PVC requirements. The B&PVC requires oversight by an Authorized Nuclear Inspector 
while the QAP allows DOE contractor quality assurance personnel to oversee fabrication. Because the 
ISF Baskets are not part of the SNF confinement boundary, this exception is considered acceptable. 


Section 4.2 of the Proposed Technical Specifications identifies this deviation in fabrication requirements. 


Certain lifting devices used to handle fuel in the FPA have been designed to handle fuel elements where a 
single failure proof load path is not possible. An example is a friction grip device used to handle Peach 
Bottom Core 2 fuels where the handling feature on the fuel element has been removed. These devices will 
not meet all requirements of ANSI N14.6, Section 4.3.5 (positive means of attachment to the fuel under 
load in all handling positions) and 7.1b (single failure proof design). The fuel handling operations in 
question will occur within the FPA confinement boundary, and the fuels will be packaged and stored in a 
manner consistent with NRC requirements for failed fuel. Under these conditions, dropping a fuel element 
will not result in unacceptable dose consequences during handling or storage. Therefore, these exceptions 
are considered acceptable. 


SSCs that do not meet an ITS criterion are classified NITS. 


10 CFR 72 Subpart F General Design Criteria in 10 CFR 72.122 Overall Requirements, (b) Protection 
Against Environmental Conditions and Natural Phenomena states “The ISFSI or MRS should be 
designed to prevent massive collapse of building structures or the dropping of heavy objects as result of 
building structural failure on the spent fuel or high-level radioactive waste or on to structures, systems, 
and components important to safety.” 
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SSCs classified as NITS are assessed to determine if a given NITS SSC is required to withstand unusual 
environmental conditions or natural phenomena (e.g., seismic forces, tornado wind loads) in order to 
prevent damage to unconfined spent fuel (spent fuel not contained within a confinement boundary) or 
Important to Safety SSCs. If the failure of the given NITS SSC could impact unconfined spent fuel or an 
ITS SSC, then the design criteria for the given NITS SSC will include that natural phenomena hazard 
criterion and applicable loads as defined for use for the ITS SSCs. The design for the given NITS SSC 
prevents its failure such that it does not impact unconfined spent fuel or the ability of an ITS SSC to 
perform its safety-related function. For example, if an overhead crane designated NITS could fail in the 
design basis earthquake and damage unconfined spent fuel or prevent an ITS SSC from performing its 
safety-related function, the crane will be designed to withstand the design basis earthquake. The NITS 
SSCs are designed, procured, fabricated, and installed to commercial standards. 
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3.5 DECOMMISSIONING CONSIDERATIONS 


The design and operation of the ISF Facility lends itself to decommissioning at the end of its mission. The 
decommissioning considerations incorporated into the facility design are summarized below. The first 
section provides design criteria for the SSCs not in the Storage Area. These SSCs will have a high 
utilization during the packaging phase of the project. The second section provides design criteria for the 
SSCs in the Storage Area. These SSCs have a 20-year (and potentially a second 20-year) exposure to the 
fuel in its dry storage condition.  


The decommissioning plans for the ISF Facility are addressed in Proposed Decommissioning Plan 
(Ref. 3-49) that was prepared and submitted in accordance with 10 CFR 72.30 (Ref. 3-1).  


3.5.1 Systems, Structures, and Components Not in the Storage Area 


3.5.1.1 Transfer Cask 


Upon completion of fuel transfer activities, the Transfer Cask is returned for reuse in fuel transfers. In 
addition, certain portions of its packaging may be reused. These portions are returned in the Transfer Cask 
when the empty cask is returned. Hence, the Transfer Cask and those returnable packaging components 
are not decommissioned as part of the ISF Facility. 


3.5.1.2 Concrete Structures 


The design of structural concrete incorporates features to facilitate decontamination and 
decommissioning. Examples include 1) concrete surfaces coated to minimize contamination, and 
2) construction joints provided to aid in demolition of concrete elements. 


3.5.1.3 Other Major SSCs Including Air Circulating and Filtration Systems 


The cask receipt crane, cask trolley, and canister trolley are the major SSCs that are not in the Storage 
Area, FPA, Solid Waste Processing and Storage Area, or Liquid Waste Processing Area. 


The cask receipt crane operates in an area of little potential for radioactive release, as the existing 
Transfer Cask has been checked for external surface contamination before shipment to the ISF Facility 
and remains bolted closed in the Cask Receipt Area. Therefore, the cask receipt crane will not require 
decontamination, and no special precautions in terms of materials or coatings are specified. 


The cask trolley and canister trolley operate in an area where some potential for radioactive release may 
exist due to opening ports and opening the Transfer Cask. These SSCs will have coatings applied to the 
exposed metal surfaces that will aid in their surface decontamination. The level and duration of radiation 
exposure will not reach an activation level. 


The HVAC systems provide air circulation and filtration. Except for through-wall penetrations, the 
HVAC system is not embedded into the concrete. The exhaust ductwork serving the operating gallery, 
workshop, CCA, Solid Waste Processing Area, Solid Waste Storage Area, Liquid Radioactive Waste 
Area, HEPA filter room, Transfer Tunnel, and decontamination areas are galvanized steel. Intermediate 
HEPA filters are provided in areas to protect supply and exhaust ductwork from contamination and to 
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restrict backflow through the supply ducts should the room become pressurized. These HEPA filters are 
periodically replaced. 


HVAC systems are designed to facilitate decontamination, satisfy ALARA requirements, and minimize 
the amount of radioactive waste generated during decommissioning. For example, any ducts that handle 
potentially contaminated air are fabricated of galvanized steel to minimize corrosion. They have welded 
seams and joints with gradual transitions to avoid pockets and crevices where contaminants can collect. 
HEPA filters in ducts that penetrate the primary confinement boundary reduce potential contamination in 
the downstream ductwork. The HVAC ductwork from the FPA to the final HEPA filters is of welded 
construction due to potential contamination. HEPA filters are installed on the exhaust ducts leaving the 
FPA. These filters act as pre-filters to protect the downstream ductwork from contamination. Filters are 
changed remotely using a master/slave manipulator or the power manipulator system, controlled from the 
operating gallery. Exhaust ducts are sized to maintain transport velocities sufficient to prevent particulate 
contaminants from settling out of the air stream. The amount of ductwork inside the primary confinement 
zone is minimized to reduce the quantity of potentially radioactive waste. Finally, HVAC components and 
systems are designed for accessibility and ease of maintenance. 


3.5.1.4 Fuel Packaging Area 


The SSCs inside the FPA are either uncoated stainless steel or coated/treated carbon steel. In both cases 
the steels will not be subjected to a level and duration of radiation to cause significant activation. The 
special lifting devices, worktable, and bench vessels have direct contact with the fuel. These items are 
coated or treated as practical to facilitate decontamination. 


3.5.1.5 Radioactive Solid Waste Processing Area 


The ISF Facility has an ongoing process for the removal of generated solid waste. The solid waste 
processing system safely handles, packages, and delivers waste to the DOE. Handling and packaging 
activities may include size reduction, consolidation, and segregation of radioactive solid wastes. The 
INL’s Reusable Property, Recyclable Materials, and Waste Acceptance Criteria (RRWAC) identify INL 
disposal packaging and shipping requirements. Solid waste is characterized and analyzed before 
requesting shipment by the DOE. This is discussed in greater detail in Chapter 6. 


The design of the solid waste processing system considers the feasibility of decontaminating components 
using conventional swabbing methods. Materials that absorb radioactive particles or make surface 
decontamination difficult have been avoided as much as possible. Equipment designs employ smooth, 
sloping surfaces and avoids crevices and other contamination traps. 


3.5.1.6 Radioactive Liquid Waste Processing Area 


The purpose of the liquid waste processing system is to safely handle, and minimize generation of liquid 
waste, and to ensure delivery of waste to an approved disposal facility. The system is discussed in greater 
detail in Chapter 6. 


The design of the liquid waste processing system incorporates an operational philosophy that minimizes 
the generation of liquid waste by relying upon dry decontamination methods (e.g., vacuuming), swabbing 
and wiping down contaminated surfaces versus water sprays. This significantly reduces the size and scope 
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of the liquid waste processing system. With the exception of through-wall penetrations, liquid waste 
piping will not be embedded into the concrete walls and floors of the facility, facilitating decontamination 
and removal. 


3.5.1.7 Canister Closure Area 


Any contamination that occurs in the CCA is minor and largely confined to the area of the CCA port. The 
area design utilizes coated components and smooth surfaces to facilitate contamination removal. During 
drying operations, HEPA filters in the vacuum drying system trap particulate material that may escape 
from the ISF canister. 


3.5.1.8 Auxiliary Systems 


With the exception of the HVAC system, the remaining auxiliary systems will remain radioactively clean. 


3.5.2 Storage Area 


3.5.2.1 Canister Handling Machine 


Because the ISF canisters are welded and sealed, external contamination is unlikely and should not pose a 
problem for the CHM. Therefore, decommissioning will be a straightforward reversal of the initial 
erection and site assembly process using the same type of equipment. Some of this equipment will consist 
of maintenance tools; larger mobile crane equipment will be required to handle the bridge and trolley 
components during dismantling. 


3.5.2.2 Concrete 


The design of structural concrete incorporates features to facilitate decontamination and 
decommissioning. Examples include 1) concrete surfaces coated to minimize contamination, and 
2) construction joints provided to aid in demolition of concrete elements. 


3.5.2.3 ISF Canisters 


The ultimate goal is to ship the loaded ISF canisters inside an NRC-approved transportation cask to the 
DOE permanent underground geologic repository. Hence, the ISF canisters and their internal contents are 
not part of the ISF Facility Proposed Decommissioning Plan (Ref. 3-49). 


3.5.2.4 Storage Tubes 


The possible (but unlikely) sources of contamination for the storage tubes include: 1) contamination from 
the outside surface of the ISF canister; and 2) radionuclide release from a leaking ISF canister. Both of 
these sources are expected to be at a level that can be readily decontaminated following shipment of the 
ISF canister to the DOE repository. The level and duration of radiation exposure may cause insignificant 
activation of the carbon steel storage tubes. 
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3.5.2.5 Auxiliary Systems 


The auxiliary systems in the Storage Area will remain radioactively clean due to the contamination 
barriers provided by the ISF canister, storage tube assembly, and concrete of the storage vault. None of 
these auxiliary systems come into contact with the outside surface of the ISF canister, which is a potential 
source of surface contamination in the Storage Area.  


 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 3.6-1 


 


  


3.6 SUMMARY OF DESIGN CRITERIA 


The principal design criteria for the ISF Facility are summarized below. 


Summary of Design Criteria 
Design Parameter Design Criteria 


Maximum load capacity of cranes and trolley:  
receipt crane 310,000 lb (see note below) 


FHM 10,000 lb (see note below) 
CHM 10,000 lb (see note below 


cask trolley 67,510 lb (Peach Bottom 2 cask) 
canister trolley 10,000 lb 


Maximum load dimensions:  
receipt crane 46.62 in dia. x 173.12 in high 


FHM 24 in dia. x 180 in high 
CHM 24 in dia. x 180 in high 


cask trolley 46.62 in dia. x 173.12 in high 
canister trolley 24 in dia. x 180 in high 


Criticality factor ≤ 0.934 
Maximum dose rates:  


ISF Facility workers 1000 mrem/year 
 


Ambient outside temperature:  
average maximum 98°F 
average minimum -26°F 


Ambient humidity 0.00049-0.01346 lb water/lb dry air 
Tornado parameters: maximum velocity 200 mph 


rotational velocity 160 mph 
translational velocity 40 mph 


pressure drop 1.5 psi 
Maximum wind 90 mph 
Design earthquake peak acceleration 0.123 g horizontal at bedrock 
Explosion peak overpressure Not applicable 
Flood elevation 4920.71 feet msl (NAVD 88) 


Note: Load capacities for cranes are the rated capacities below the hook. Actual 
payload is reduced by any lifting devices below the hook. 
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Table 3.1-1 
Spent Fuel Physical Characteristics 


Fuel Element Type Dimensions (in) Weight (lbs) 


Core 1 3.5 X 144 90 


Core 1 with removal tool 3.642 X 146.3 100.2 Peach Bottom 


Core 2 3.5 X 126 84 


Aluminum clad 1.47 X 28.37 6.4 


Aluminum clad 
(instrumented) 1.47 X 28.53 6.41 


Stainless steel  1.478 X 28.94 7.5 
TRIGA 


Stainless steel 
(instrumented) 1.478 X 29 7.51 


Reflector IV Module 
(intact/clamped) 140/141 4933-5200 


Reflector V Module 
(intact/clamped) 140/141 4028-4204 Shippingport 


Reflector Rods 0.832 X 114 16 


1 Weight approximate 
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Table 3.1-2 
Peach Bottom 1 Fuel Compact Initial Heavy Metal Loading 


(Loading in grams per 3 in. of compact) 


Compact Type: A B C D 


Description: Standard Heavy Rhodium Light Rhodium Heavy Thorium 
232Th 52.10 52.10 52.10 115.36 
234U* 0.156 0.156 0.156 0.082 
235U 9.70 9.70 9.70 5.14 
236U* 0.052 0.052 0.052 0.028 
238U 0.505 0.505 0.505 0.268 
103Rh 0 1.028 0.342 0 
Carbon 285.00 285.00 285.00 273.00 


*234U and 236U loadings are not required. These are the maximum amounts expected in the fully 
enriched feed material. 
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Table 3.1-3 
Peach Bottom 2 Fuel Compact Initial Heavy Metal Loading 


(Loading in grams per 3 in. of compact) 


Compact Type: A B C D 
Description: Standard Heavy Rhodium Light Rhodium Heavy Thorium 


232Th 45.8 45.8 45.8 86.6 
Uranium (93% enriched) 8.32 8.32 8.32 4.69 
Rhodium 0 1.03 0.342 0 
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Table 3.1-4 
Peach Bottom Fuel Element Characteristics 


Compact Location and Type1 


Fuel Element 
Type Description Spine 


Upper 9 
inches 


Middle 54 
inches 


Lower 27 
inches 


1 Heavy rhodium Solid graphite A B A 
2 Light rhodium Solid graphite A C A 


3 Light rhodium with 
burnable poison 


Hollow with poison 
compacts A C A 


4 Heavy thorium, light 
uranium Solid graphite D D D 


1 Compact types are described in Tables 3.1-2 and 3.1.3. 
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Table 3.2-1 
Design Basis Tornado Missiles 


Missile Mass (lb) Dimensions Velocity (ft/sec) 
A. Wooden Plank 115 3.62 in x 11.38 in x 12 ft 190 
B. 6-inch Sch 40 Pipe 287 6.62 in D x 15 ft 33 
C. 1-inch Steel Rod 9 1 in D x 3 ft 26 


Vertical velocities of 70% of the postulated horizontal velocities are used except for Missile C, which is 
used to test barrier openings, and is assumed to have the same velocity in all directions. Missiles A, B, 
and C are considered at all elevations of the facility structures as specified in NUREG-0800. 
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Table 3.2-2 
Damping Values 


(Percent of Critical Damping) 


Structure or Component 
Design 


Earthquake(1) 
Equipment and large-diameter piping systems, pipe diameter greater than 12 in. 3 
Small-diameter piping systems, diameter equal or less than 12 in. 2 
Welded steel structures, cask trolley, canister trolley, storage tubes 4 
Bolted structures, Cask Receipt Area hoist, CHM, FHM 7 
Reinforced-concrete structures 7 
Soil 5(2) 


1 The allowable stress levels for the design condition that includes design earthquake are specified 
in the applicable codes for the respective structures or equipment corresponding to the accident 
condition. 


2 The damping value indicated is the composite damping used in the soil-structure interaction. 
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Table 3.3-1 
Radioactive Material Confinement Barriers by ISF Area 


Fuel Location Confinement Barriers SAR Section 
Transfer Cask Transfer Cask(s) 3.3.2.1.1 


Fuel Packaging Area Concrete walls of the FPA and FHM maintenance area, shield 
windows, port plugs (cask port, canister port, waste port, and 
process waste port) portions of the FPA HVAC system, as 
shown in Figure 4.3-5, through confinement wall service 
penetrations, the FHM maintenance personnel shielded access 
door, roof penetrations for lifting rods associated with the 
FPA/FHM maintenance shield door, hoist well, and inflatable 
seals between the bottom of the cask port and the cask adapter 
or between the lower side of the canister port and the 
components of the canister cask when the port plugs are 
removed. In addition, those portions of systems that penetrate 
the FPA confinement barrier (e.g., breathing air system) such 
that a breach of the system boundary could result in a release 
path from the FPA, shall also considered as part of the FPA 
confinement boundary. 


3.3.2.1.2 


ISF Canister (prior to 
closure weld 
completion) 


Lower assembly of the ISF Canister, Basket, and Shield Plug.  3.3.2.1.3 


ISF Canister 
(closure weld 
complete ISF 
Canister not in 
Storage Tube) 


ISF Canister  3.3.2.1.4 


Storage Tube Storage Tube and ISF Canister  3.3.2.1.5 
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 Table 3.3-2 Sheet 1 of 2
 Criteria for the Design of Ventilation and Off-Gas Systems 
 for Normal and Off-Normal Conditions 


Criteria 
Existing Transfer 


Cask Fuel Packaging Area 
Unsealed ISF 


Canister 
Sealed ISF 
Canister 


Sealed ISF Canister 
in Sealed Storage 


Tube 
A. Airflow patterns 
and velocity with 
respect to 
contamination 
control 


Cask Receipt Area 
(Zone 3) and Transfer 
Tunnel (Zone 2) are in 
use 
Cask is closed during 
normal and off-normal 
conditions 
Cask Receipt Area is a 
radiologically clean 
area 


FPA (Zone 1), FHM 
Maintenance Area 
(Zone 1), and HEPA 
filter room (Zone 2) are 
in use. 
The FPA is a primary 
contamination control 
zone. The room 
pressures in this zone 
will be maintained at 
the maximum negative 
values with respect to 
atmosphere so the 
airflow will always be 
inward towards the 
contamination 
enclosure. 


Transfer Tunnel and 
CCA are in use (both 
are in zone 2). 


Transfer Tunnel and 
CCA (both are in Zone 
2) and Storage Area 
(Zone 3) are in use. 
ISF canister is sealed 
during normal and off-
normal conditions. 


Storage Area (Zone 3) 
is in use. 
The ISF canisters and 
storage tubes are each 
sealed. 
Storage Area is a 
radiologically clean 
area. 


B. Minimum 
negative pressures 
at key points in the 
system to maintain 
proper flow control 


Cask Receipt Area 
operates at 
atmospheric pressure 


FPA room pressure is 
(-) 1.50 inch of water. 
FHM Area pressure is 
(-) 1.40 inch of water. 
During normal 
operations this is an 
unoccupied area. 


Transfer Tunnel room 
pressure is (-) 0.50 
inch of water. CCA 
room pressure is         
(-) 0.20 inch of water. 
These areas are 
provided with sufficient 
outside air to dilute 
airborne radionuclide 
concentrations and to 
maintain the prescribed 
room pressures. 


Transfer Tunnel and 
CCA room pressures 
are not design criteria 
for this operation 
because the ISF 
canister is sealed. 


Storage Area operates 
at atmospheric 
pressure. 


C. Interaction of 
off-gas systems 
with ventilation 
systems 


No interaction with an 
off-gas system and the 
ventilation system 


Airflow through at least 
two sets of HEPA 
filters then to exhaust 
stack 


Airflow through at least 
two sets of HEPA 
filters then to exhaust 
stack 


No interaction with an 
off-gas system and the 
ventilation system. 


No interaction with an 
off-gas system and the 
ventilation system. 


D. Minimum filter 
performance with 
respect to 
particulate removal 
efficiency and 
maximum pressure 
drop 


No filters required Roughing filters and 
intermediate filters in 
FPA 
Intermediate filters 
between roughing 
filters and final filters. 
Final filters in HEPA 
filter room 
Fabric filter removal 
factor: 0.1 
HEPA filter removal 
factor: 0.01 
Maximum HEPA d/p: 4 
in wg 


Roughing filters inside 
CCA for weld fumes 
Final filters in HEPA 
filter room 
Fabric filter removal 
factor: 0.1 
HEPA filter removal 
factor: 0.01 
Maximum HEPA d/p: 4 
in wg 


No filters required No filters required 
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 Table 3.3-2 Sheet 2 of 2 
 Criteria for the Design of Ventilation and Off-Gas Systems 
 for Normal and Off-Normal Conditions 


Criteria 
Existing Transfer 


Cask Fuel Packaging Area 
Unsealed ISF 


Canister 
Sealed ISF 
Canister 


Sealed ISF Canister 
in Sealed Storage 


Tube 
E. Minimum 
performance of 
other radioactivity 
removal equipment 


No other radioactivity 
removal equipment 


Backdraft dampers, 
barometric dampers, 
and HEPA filters are 
utilized whenever 
necessary to prevent 
flow reversal due to 
accidental room 
pressurization. 


Backdraft dampers, 
barometric dampers, 
and HEPA filters are 
utilized whenever 
necessary to prevent 
flow reversal due to 
accidental room 
pressurization. 


No other radioactivity 
removal equipment 


No other radioactivity 
removal equipment 


F. Minimum 
performance of 
dampers and 
instrumented 
controls 


No dampers or other 
instrumented controls 


Supply dampers: 
Commercial quality 
(Class D) construction. 
Exhaust dampers: 
industrial quality (Class 
C) construction 
Primary HEPA isolation 
dampers: ASME N509 
(Class A, group 1) 
construction. 


No dampers or other 
instrumented controls 


No dampers or other 
instrumented controls 


Fixed louvers located 
on the exterior walls 
No dampers or other 
instrumented controls 
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Table 3.3-3 
Key Equipment Selected to Provide Protection to the Spent Nuclear Fuel 


Equipment Name Key Equipment Items Key Design Criteria 
Cask Design criteria pertaining to the Transfer Cask are 


described in Appendix A. 
Existing Transfer Cask (Use 
of Peach Bottom cask) 


Trunnions See Appendix A. 


Crane NUREG-0554, Single-Failure-Proof Cranes at 
Nuclear Power Plants; CMAA-70 


Cask receipt crane 


Lifting devices ANSI N14.6 
Cask trolley Trolley NUREG-0554, Single-Failure-Proof Cranes at 


Nuclear Power Plants; CMAA-70 
Crane NUREG-0554, Single-Failure-Proof Cranes at 


Nuclear Power Plants; CMAA-70 
Fuel handling machine 


Lifting devices ANSI N14.6 (see note below) 
Baskets ASME Section III, Division 1, Subsection NG 
Shield plug ASME Section III, Division 1, Subsection NF 
Impact plates ASME Section III, Division 1, Subsection NF 
Canister ASME Section III, Division 1, Subsection NB 


ISF canisters, baskets, and 
other internal components 
(see note below) 


Lifting attachments ANSI N14.6 
Trolley NUREG-0554, Single-Failure-Proof Cranes at 


Nuclear Power Plants - CMAA-70 
Canister trolley 


Jacking system ANSI N14.6 
Crane NUREG-0554, Single-Failure-Proof Cranes at 


Nuclear Power Plants - CMAA-70 
Canister handling machine 


Lifting devices ANSI N14.6 
Two seal rings for 
bolted closure lid 


ANSI N14.5 Storage tube 


Storage tube ASME Section III, Division 1, Subsection NC 
Concrete storage vault Storage vault ACI 349 


Note: Due to the physical configuration of some of the fuels to be handled in the FPA, not all lifting 
devices will meet all applicable requirements of ANSI N14.6. Exceptions to certain fabrication 
requirements are taken for the ISF baskets. See Section 3.4 for further discussion. 
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 Table 3.3-4 Sheet 1 of 2
 Instrumentation Requirements to Support Key Equipment 


Equipment Name 
Key Equipment 


Items 
Instrumentation 


Required Design Criteria Philosophy 
Cask None N/A 
Trunnions None N/A 


Existing Transfer Cask 
(use of Peach Bottom 
cask) 


O-rings None N/A 
Crane Yes Abort lift if lifting equipment is trapped or 


snagged 
Apply brakes on loss of power 
Malfunction protection provided to meet 
NUREG 0554 and CMAA 70 
Safety related signals will be derived from 
hard wired limit switch signals 
Positive break latching emergency stop 
button provided at strategic positions hard 
wired to interface relays and control 
contactors 
Seismic switch interrupts power during a 
seismic event 


Cask receipt crane 


Lifting devices None N/A 
Cask trolley Trolley Yes Safety related interlock signals hardwired 


from initiating device 
Positive break latching emergency stop 
button provided at strategic positions hard 
wired to interface relays and control 
contactors 
Seismic switch interrupts power during a 
seismic event 


Crane Yes Set drum flange brake on failed drum or 
shaft or failed hoist motor, brake or gear 
reducer 
Safety related signal derived from hard 
wired limit switch signals 
Positive break latching emergency stop 
button provided at strategic positions hard 
wired to interface relays and control 
contactors 
Seismic switch interrupts power during a 
seismic event 


Fuel handling machine 


Lifting devices None N/A 
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 Table 3.3-4 Sheet 2 of 2 
 Instrumentation Requirements to Support Key Equipment 


Equipment Name 
Key Equipment 


Items 
Instrumentation 


Required Design Criteria Philosophy 
Baskets None N/A 
Shield plug None N/A 
Impact plates None N/A 
Canister None N/A 


ISF canisters, baskets, 
and other internal 
components 


Lifting 
attachments 


None N/A 


Trolley Yes Same as cask trolley Canister trolley 
Jacking system Yes Prevent inadvertent jacking system 


initiation 
Safety related interlock signals hardwired 
from initiating device 
Positive break latching emergency stop 
button provided at strategic positions hard 
wired to interface relays and control 
contactors 
Seismic switch interrupts power during a 
seismic event 


Crane Yes Prevent raising canister hoist in certain 
configurations 
Prevent lowering canister hoist in certain 
configurations 
Prevent turret rotating with turret locking 
pin disengaged 
Prevent grapple jaws from opening in 
unsafe conditions 
Safety related signals derived from hard 
wired signals 
Positive break latching emergency stop 
button provided at strategic positions hard 
wired to interface relays and control 
contactors 
Seismic switch interrupts power during a 
seismic event 


Canister handling 
machine 


Lifting devices None N/A 
Two seal rings for 
bolted closure lid 


None N/A Storage tube 


Storage tube None N/A 
Concrete storage vault Storage vault None N/A 
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Table 3.3-5 
Control Methods for Prevention of Criticality 


Control Methods for 
Prevention of 
Criticality 


Fuel in Existing 
Transfer Cask Fuel in FPA 


Waste from 
Fuel Elements 


in the FPA 
Fuel in ISF 
Canister 


Loaded ISF Canister 
in Storage Tube and 


Storage Vault 
Limitation on the amount of Fissile Material 


No mixing of fuel types X X X X X 
Number of fuel elements X X X X X 
Mass of loose fissile 
material X See Waste from Fuel 


Elements in the FPA X X X 


Engineered Safety Features 
Physical separation of 
sets of fuel elements by 
engineered features 


X X Not applicable X X 


Geometric control 
provided by basket 
structure or work station 
vessel 


X X X X X 


Use of burn-up credit Not used Not used Not used Not used Not used 
Use of burnable or fixed 
neutron absorbers 
(poisons) 


Not used Not used Not used Not used Not used 


X = Design Consideration 
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Table 3.3-6 
Radiological Protection Design Criteria 


Location Normal and Off-Normal Conditions Accident Conditions 
Restricted Area As Low As Is Reasonably Achievable 


(ALARA) in accordance with 10 CFR 
72.126(d) 
5,000 mrem/yr TEDE in accordance 
with 10 CFR 20.1201, Occupational 
Dose Limits for Adults 
1,000 mrem/yr TEDE in accordance 
with ISF Facility administrative 
control limits 


ALARA in accordance with 10 CFR 
72.126(d) 


Controlled Area 100 mrem/yr TEDE in accordance 
with 10 CFR 20.1301, Dose Limits 
for Individual Members of the Public 


5,000 mrem TEDE for any design 
basis accident in accordance with  
10 CFR 72.106(b) 


Outside of Controlled 
Area 


25 mrem/yr TEDE in accordance 
with 10 CFR 72.104(a) 


5,000 mrem TEDE for any design 
basis accident in accordance with  
10 CFR 72.106(b) 
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 Table 3.3-7 Sheet 1 of 2
 ISFSI Fuel Handling and Storage Systems Summary 


Key equipment 
name 


Cooling Requirements for 
SNF 


Onsite Movement 
Criticality Control Contamination Control 


Handling Damaged Fuel 
or Waste Containers 


Existing Transfer 
Cask (use of cask 
originally designed 
for transport of 
Peach Bottom fuel) 


Temperatures of various 
existing Transfer Casks 
components are well below 
material limits when shipping 
any of the fuel types defined 
in Section 3.1. Appendix A 
provides additional details. 


Criticality control by one or 
more of the following 1) 
amount of fissile material in 
cask, 2) geometric control 
provided by basket designs, 
3) no credible source of 
water intrusion. See 
Appendix A for additional 
details. 


Outside of Transfer Cask is 
decontaminated before 
shipping to INL ISF Facility. 
Unloaded Transfer Cask is 
checked for outside surface 
contamination before 
sending back for reuse.  


Baskets, liners, containers, 
buckets accommodate 
handling and storage of 
damaged fuel. 


Cask receipt crane Does not affect cooling 
requirements of fuel 


See Table 3.3-3 for design 
criteria used to eliminate 
cask drop or tip-over 


Not a source of 
contamination 
Contact with external 
surfaces of Transfer Cask is 
not an expected source of 
contamination to the cask 
receipt crane 


Designed to lift up to 
310,000-lb cask. Cask may 
contain damaged fuel.  


Cask trolley Does not affect cooling 
requirements of fuel 


See Table 3.3-3 for design 
criteria used to eliminate 
cask drop or tip-over 


Not a source of 
contamination 
Contact with external 
surfaces of Transfer Cask is 
not an expected source of 
contamination to the cask 
trolley 


Designed to transport up to 
67,510-lb cask. Cask may 
contain damaged fuel.  


Fuel handling 
machine and 
worktable 


Does not affect cooling 
requirements of fuel 


See Table 3.3-3 for design 
criteria used to eliminate 
dropping of SNF 


Not a source of 
contamination 
Contact with spent nuclear 
fuel is an expected source of 
contamination  


Special lifting devices 
designed for use with 
various fuel types. 
Worktable designed to 
handle and repackage 
damaged spent nuclear 
fuel. 


ISF canisters, 
baskets, and other 
internal components 


Temperatures of various ISF 
canister components are well 
below ASME Section III 
limits. 


Criticality control by 
combination of; 1) amount of 
fissile material in cask, 
2) geometric control provided 
by basket designs, and/or 
3) no credible source of 
water. 


Canister is never placed 
inside the FPA 
Loaded ISF canister is 
checked for outside surface 
contamination before 
placement into the storage 
tube. 


ISF basket design 
accommodates handling of 
damaged fuel. 


Canister trolley Canister cask causes slight 
temperature increase of fuel 
in the loaded ISF canister. 
Temperatures of various ISF 
canister components are well 
below ASME Section III 
limits. 


See Table 3.3-3 for design 
criteria used to eliminate 
canister drop or tip-over 


Not a source of 
contamination 
Contact with external 
surfaces of ISF canister is a 
potential source of localized 
contamination to the canister 
trolley 


Designed to transport up to 
10,000-lb ISF canister. ISF 
canister can contain 
damaged fuel. 
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 Table 3.3-7 Sheet 2 of 2 
 ISFSI Fuel Handling and Storage Systems Summary  


Key equipment 
name 


Cooling Requirements for 
SNF 


Onsite Movement 
Criticality Control Contamination Control 


Handling Damaged Fuel 
or Waste Containers 


Canister handling 
machine 


ISF canister inside the turret 
causes slight temperature 
increase of fuel in the loaded 
ISF canister. 
Temperatures of various ISF 
canister components are well 
below ASME Section III 
limits. 


See Table 3.3-3 for design 
criteria used to eliminate 
canister drop or tip-over 


Not a source of 
contamination 
Contact with external 
surfaces of ISF canister is a 
possible, but unlikely source 
of localized contamination to 
the CHM 


Designed to transport up to 
10,000-lbs ISF canister. ISF 
canister can contain 
damaged fuel. 


Storage tube ISF canister inside the 
storage tube causes slight 
temperature increase of fuel 
in the loaded ISF canister. 
Temperatures of various ISF 
canister components and 
storage tube components are 
well below ASME Section III 
limits. 


Spacing between storage 
tubes is such that neutronic 
interaction among ISF 
canisters of SNF results in 
keff being maintained below 
the defined acceptance 
criteria of 0.95 for all 
combinations of loading 
patterns. 


Not a source of 
contamination 
Contact with external 
surfaces of contaminated ISF 
canister is a possible, but 
unlikely source of localized 
contamination to the inside 
surface of the storage tube. 
External surface of storage 
tube is not exposed to any 
source of contamination. 


Designed to store ISF 
canister. ISF canister can 
contain damaged fuel. 


Concrete storage 
vault 


Provides a passive heat 
removal system for the decay 
heat. 
Temperatures of concrete 
are within ACI recommended 
temperature limits. 


Spacing between storage 
tubes is such that neutronic 
interaction among ISF 
canisters of SNF results in 
keff being maintained below 
the defined acceptance 
criteria of 0.95 for all 
combinations of loading 
patterns. 


Not a source of 
contamination nor expected 
to be in contact with 
contaminated equipment 


Designed to maintain 
storage tubes in a vertical 
position. 
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Table 3.3-8 
Radioactive Waste Treatment Criteria and Implementation Method 


 Implementation Method 
Waste Treatment 


Criteria Gaseous Waste Liquid Waste Solid Waste 
Reduction in volume Gaseous waste inside the FPA, 


Transfer Tunnel, and CCA passes 
through filters to concentrate the 
airborne particulate. 


Limited sources of water in 
radioactivity contaminated areas. 


Contaminated solid materials are cut 
or compressed to reduce their 
volume. 


Control of releases of 
radioactive materials  


Control of releases is provided by 
collection in filters and the welded 
construction of the HVAC ductwork. 


Control of releases is provided by 
collection in filters, use of watertight 
piping and fittings, and storage tanks. 


Contamination level is checked and 
required decontamination is 
performed in the FPA. Both the FPA 
and Solid Waste Processing Area 
have HEPA filter systems. 


Conversion to solid 
forms 


Filters concentrate the airborne 
particulate. 


Filters concentrate the particulate in 
the liquid. 


Not applicable 


Suitability of product 
containers for storage or 
shipment to a disposal or 
storage site 


Contaminated filters are stored and 
shipped in drums that meet storage or 
shipment requirements. 


Contaminated filters are stored and 
shipped in drums that meet storage or 
shipment requirements. Liquid waste 
is stored onsite in tanks meeting API 
codes and is transported offsite in 
DOT-approved tankers. 


Contaminated materials are stored in 
drums, shielded drums, or a waste 
bin inside the Solid Waste Area. 
Storage containers meet INL’s 
RRWAC before use. 


Safe confinement during 
onsite storage 


Filters are stored inside storage 
drums. 


Liquid is stored in the liquid waste 
tanks. 


Solid waste is in the FPA, Solid 
Waste Processing Area, or in drums 
in the Solid Waste Storage Area.  


Monitoring during onsite 
storage to demonstrate 
safe confinement 


In-line and final filters have monitors 
associated with them. 


Areas containing liquid waste have 
monitors. 


Solid Waste Processing and Storage 
Areas and FPA have monitors. 


Final decontamination, 
retrieval, and disposal of 
stored wastes during 
decommissioning 


In-line and final filters are periodically 
replaced. Final decontamination, 
retrieval, and disposal of filters and 
HVAC ducts will take place during 
decommissioning. 


Liquid waste tanks are filtered 
periodically and disposed 
approximately once per year. Final 
decontamination, retrieval, and 
disposal of liquid waste tanks and 
associated piping will take place 
during decommissioning. 


Solid waste storage bin and storage 
barrels are periodically removed and 
replaced with empty containers. Final 
decontamination, retrieval, and 
disposal of the solid waste storage 
bin and storage barrels will take 
place during decommissioning. 
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 Table 3.4-1 Sheet 1 of 2
SSCs Classified ITS 


SSC 
SAR Section(s) Providing 


Basis for ITS Classification 
General 
Seismic switch (including seismic sensor, load interrupters, and 
connections to power feeds) 


4.3.2.1.1,  
4.3.2.2 


Electrical Interlocks 5.4.1.4,  
Table 5.4-1 


Cask Receipt Area 
Transfer Cask 3.2 of Appendix A 
Cask receipt crane and associated lifting fixtures 4.7.3.2.1,  


5.4 
Cask Receipt Area (Structural Load Path for Cask Receipt Crane) 4.7.3.1.1,  


4.7.3.3.1 
Transfer Area 
Fuel Packaging Area (Building Structures) 4.7.3.1.3,  


4.7.3.3.2 
Transfer Tunnel (Building Structure) 4.7.3.1.2,  


4.7.3.3.2 
Canister Closure Area (Building Structure) 4.7.1.4,  


4.7.3.1.4 
Confinement Boundary Through Wall (Service) Penetrations 3.3.2.1.2,  


4.7.2.3 
Cask Trolley, Cask Adapter and Inflatable Seal 4.7.3.2.2,  


5.4 
Canister Trolley (including jacking system) 4.7.3.2.3,  


5.4 
Canister Port Inflatable Seal 4.7.2.3 
Check Valves, Relief Valve and Connecting Tubing for Cask Port and 
Canister Port Seals 4.7.2.3 


Fuel Handling Machine (Operational and Load Carrying Components) 4.7.3.2.5,  
5.4 


Fuel Handling Machine Lifting Devices and Cask Lid Lifting 
Attachment 


4.7.3.2.10,  
5.1.1.1.2, 


Table 4.7-6 
Work Table and Tipping Machine 4.7.3.2.9,  


5.4 
HVAC (Portions of duct work and HEPA Filters that form part of the 
FPA Confinement Boundary) 


4.3.1.1,  
5.3.1.1.3,  


Figure 4.3-5 
HVAC System Breakaway Joint 4.3.1.1.2 
Breathing Air System (Portion of system that penetrates FPA 
Confinement Boundary) 4.3.3 


Master Slave Manipulator Through Wall Tubes and Encasts 4.7.3.2.6 
Personnel Shielded Access Door 4.7.3.2.4 
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 Table 3.4-1 Sheet 2 of 2 
SSCs Classified ITS  


SSC 
SAR Section(s) Providing 


Basis for ITS Classification 
Storage Area 
Storage Vaults 4.2.1.1 
Storage Vault Inlet Vents and Exhaust Louvers 4.3.1.1,  


4.3.1.2 
Charge Face Cover Plate 4.2.1.2 
Storage Tube Support Stool 4.2.1.2 
Storage Tube Assembly 4.2.1.2,  


4.2.3.2.2,  
4.2.3.3.3 


ISF Canister 4.2.1.3 
ISF Canister Baskets 4.2.1.4 
ISF Canister Impact Plate 4.2.1.5 
ISF Canister Shield Plug 4.2.1.5 
Canister Handling Machine 4.7.1.7,  


5.4 
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Figure 3.1-1 
Peach Bottom Fuel Element 
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Figure 3.1-2 
Peach Bottom Fuel Element with Removal Tool 
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Figure 3.1-3 
Intact Peach Bottom Element within Aluminum Canister 
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Figure 3.1-4 
Peach Bottom Element and Removal Tool within Aluminum Canister 
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Figure 3.1-5 
Peach Bottom Salvage Canister 
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Figure 3.1-6 
TRIGA Fuel Element 


 







ISF FACILITY 
Final Safety Analysis Report Rev. 4
 


ISFF SAR CH 3 Rev 4.doc  


Figure 3.1-7 
Shippingport Core Layout 
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Figure 3.1-8 
Shippingport Type V Reflector Module 


 
WAPD-TM-1208/17 
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Figure 3.1-9 
Peach Bottom 1 Decay Heat (Watts/Element) 


1 Jul 97 1 Jul 00 1 Jul 04 1 Jul 10 1 Jul 20 
5.494x10-2 5.425 x10-2 5.329 x10-2 5.182 x10-2 4.934 x10-2 


NOTE: The zero time corresponds to a starting date of 01 Jul 1996 
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Figure 3.1-10 
Peach Bottom 2 Decay Heat (Watts/Element) 


1 Jul 03 1 Jul 04 1 Jul 07 1 Jul 10 1 Jul 20 
3.346E+00 3.276E+00 3.075E+00 2.889E+00 2.357E+00 


NOTE: The zero time corresponds to a starting date of 01 Jul 2002 
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Figure 3.1-11 
Shippingport Type IV Decay Heat (Watts/Module) 


1 Jul 03 1 Jul 04 1 Jul 07 1 Jul 10 1 Jul 20 
1.000E+01 9.809E+00 9.260E+00 8.755E+00 7.316E+00 


NOTE:  The zero time corresponds to a starting date of 01 Jul 2002 
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Figure 3.1-12 
Shippingport Type V Decay Heat (Watts/Module) 


1 Jul 03 1 Jul 04 1 Jul 07 1 Jul 10 1 Jul 20 
7.282E+00 7.142E+00 6.742E+00 6.374E+00 5.326E+00 


NOTE:  The zero time corresponds to a starting date of 01 Jul 2002 
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Figure 3.1-13 
Average TRIGA Fuel Element Decay Heat (Watts/Element) 


1 Jan 99 1 Jan 01 1 Jul 04 1 Jul 10 1 Jul 20 
1.339E+00 5.500E-01 3.265E-01 2.266E-01 1.524E-01 


NOTE: The zero time corresponds to a starting date of 01 Jan 1998 
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Figure 3.2-1 
ISF Ground Surface Response Spectra 


Horizontal 1 Direction–5% Damping 


 


ISF-FW-RPT-0052; Fig 2 


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.1 1 10 100


Frequency (Hz)


A
cc


el
er


at
io


n 
(g


Best Estimate Spectra Lower Bound Spectra Upper Bound Spectra Reg Guide 1.60 (ZPA=0.19)







ISF FACILITY 
Final Safety Analysis Report Rev. 4
 


ISFF SAR CH 3 Rev 4.doc  


Figure 3.2-2 
ISF Ground Surface Response Spectra 


Horizontal 2 Direction–5% Damping 


 


 
ISF-FW-RPT-0052; Fig 3 


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.1 1 10 100


Frequency (Hz)


A
cc


el
er


at
io


n 
(g


Best Estimate Spectra Lower Bound Spectra Upper Bound Spectra Reg Guide 1.60 (ZPA=0.19)







ISF FACILITY 
Final Safety Analysis Report Rev. 4
 


ISFF SAR CH 3 Rev 4.doc  


Figure 3.2-3 
ISF Ground Surface Response Spectra 


Vertical Direction–5% Damping 


 


 
ISF-FW-RPT-0052; Fig 4 
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Figure 3.2-4 
Cask Receipt Area SSI Model 
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Figure 3.2-5 
Storage Area SSI Model 
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Figure 3.2-6 
Transfer Area SSI Model 


 


 







ISF FACILITY 
Final Safety Analysis Report Rev. 4
 


ISFF SAR CH 3 Rev 4.doc  


Figure 3.2-7 
Cask Receipt Area Structural Finite Element Model 
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Figure 3.2-8 
Transfer Area Structural Finite Element Model – South Elevation 


 







ISF FACILITY 
Final Safety Analysis Report Rev. 4
 


ISFF SAR CH 3 Rev 4.doc  


Figure 3.2-9 
Transfer Area Structural Finite Element Model–North Elevation 
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Figure 3.2-10 
Storage Area Structural Finite Element Model 
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Figure 3.2-11 
Cask Receipt Area 


Base Motion Design Response Spectra 
North-South Direction 
(Elevation: 4913’ - 2”) 
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Figure 3.2-12 
Cask Receipt Area 


Base Motion Design Response Spectra 
East-West Direction 


(Elevation: 4913’ - 2”) 
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Figure 3.2-13 
Cask Receipt Area 


Base Motion Design Response Spectra 
Vertical Direction 


(Elevation: 4913’ - 2”) 
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Figure 3.2-14 
Cask Receipt Area 


Bridge Crane Level Design Response Spectra 
North-South Direction 
(Elevation: 4946’ - 2”) 
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Figure 3.2-15 
Cask Receipt Area 


Bridge Crane Level Design Response Spectra 
East-West Direction 


(Elevation: 4946’ - 2”) 
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Figure 3.2-16 
Cask Receipt Area 


Bridge Crane Level Design Response Spectra 
Vertical Direction 


(Elevation: 4946’ - 2”) 
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Figure 3.2-17 
Cask Receipt Area 


Cask Receipt Crane Level Design Response Spectra 
North-South Direction 
(Elevation: 4967’ - 7”) 
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Figure 3.2-18 
Cask Receipt Area 


Cask Receipt Crane Level Design Response Spectra 
East-West Direction 


(Elevation: 4967’ - 7”) 
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Figure 3.2-19 
Cask Receipt Area 


Cask Receipt Crane Level Design Response Spectra 
Vertical Direction 


(Elevation: 4967’ - 7”) 


 


0.0


0.5


1.0


1.5


2.0


2.5


3.0


3.5


4.0


0.1 1.0 10.0 100.0


Frequency (Hz)


A
cc


el
er


at
io


n 
(g


)


2% 4% 5% 7%


Vertical Direction
Frequency 0.02 0.04 0.05 0.07


0.10 0.00 0.00 0.00 0.00
1.10 0.20 0.15 0.13 0.12
1.90 0.50 0.34 0.32 0.27
3.00 0.57 0.46 0.42 0.35
5.00 0.76 0.47 0.42 0.37
6.50 1.43 1.06 0.93 0.79
8.30 3.47 2.25 1.92 1.52


11.80 3.47 2.25 1.92 1.52
16.00 1.03 0.61 0.53 0.52
19.00 1.03 0.61 0.53 0.48
30.00 0.57 0.43 0.40 0.36
43.00 0.31 0.31 0.31 0.31
80.00 0.31 0.31 0.31 0.31







ISF FACILITY 
Final Safety Analysis Report Rev. 4
 


ISFF SAR CH 3 Rev 4.doc  


Figure 3.2-20 
Transfer Area 


Grade/Base Level 
Base Motion Design Response Spectra 


North-South Direction 
(Elevation: 4912’ - 6” to 4917’ - 6”) 
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Figure 3.2-21 
Transfer Area 


Grade/Base Level 
Base Motion Design Response Spectra 


East-West Direction 
(Elevation: 4912’ - 6” to 4917’ - 6”) 
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Figure 3.2-22 
Transfer Area 


Grade/Base Level 
Base Motion Design Response Spectra 


Vertical Direction 
(Elevation: 4912’ - 6” to 4917’ - 6”) 
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Figure 3.2-23 
Transfer Area 


2nd Floor Level of FPA and Crane Maintenance Area 
North-South Direction 
(Elevation: 4938’ - 6”) 
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Figure 3.2-24 
Transfer Area 


2nd Floor Level of FPA and Crane Maintenance Area 
East-West Direction 


(Elevation: 4938’ - 6”) 
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Figure 3.2-25 
Transfer Area 


2nd Floor Level of FPA and Crane Maintenance Area 
Vertical Direction 


(Elevation: 4938’ - 6”) 
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Figure 3.2-26 
Transfer Area 


FHM Level Design Response Spectra 
North-South Direction 
(Elevation: 4964’ - 11”) 
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Figure 3.2-27 
Transfer Area 


FHM Level Design Response Spectra 
East-West Direction 


(Elevation: 4964’ - 11”) 
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Figure 3.2-28 
Transfer Area 


FHM Level Design Response Spectra 
Vertical Direction 


(Elevation: 4964’ - 11”) 
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Figure 3.2-29 
Transfer Area 


68-Foot Level Design Response Spectra 
North-South Direction 
(Elevation: 4985’ - 6”) 
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Figure 3.2-30 
Transfer Area 


68-Foot Level Design Response Spectra 
East-West Direction 


(Elevation: 4985’ - 6”) 
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Figure 3.2-31 
Transfer Area 


68-Foot Level Design Response Spectra 
Vertical Direction 


(Elevation: 4985’ - 6”) 
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Figure 3.2-32 
Transfer Area 


2nd Floor Level CCA Design Response Spectra 
North-South Direction 
(Elevation: 4938’ - 6”) 
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Figure 3.2-33 
Transfer Area 


2nd Floor Level CCA Design Response Spectra 
East-West Direction 


(Elevation: 4938’ - 6”) 
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Figure 3.2-34 
Transfer Area 


2nd Floor Level CCA Design Response Spectra 
Vertical Direction 


(Elevation: 4938’ - 6”) 
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Figure 3.2-35 
Transfer Area 


CCA Roof Design Response Spectra 
North-South Direction 
(Elevation: 4968’ - 6”) 
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Figure 3.2-36 
Transfer Area 


CCA Roof Design Response Spectra 
East-West Direction 


(Elevation: 4968’ - 6”) 
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Figure 3.2-37 
Transfer Area 


CCA Roof Design Response Spectra 
Vertical Direction 


(Elevation: 4968’ - 6”) 
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Figure 3.2-38 
Storage Area 


Storage Area Base Mat Design Response Spectra 
North-South Direction 


(Elevation: 4912’ - 6” to 4918’ - 0”) 
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Figure 3.2-39 
Storage Area 


Storage Area Base Mat Design Response Spectra 
East-West Direction 


(Elevation: 4912’- 6” to 4918’ - 0”) 


 


0.0


0.2


0.4


0.6


0.8


1.0


1.2


1.4


1.6


0.1 1.0 10.0 100.0


Frequency (Hz)


A
cc


el
er


at
io


n 
(g


)


2% 4% 5% 7%


East-West Direction
Frequency 0.02 0.04 0.05 0.07


0.10 0.00 0.00 0.00 0.00
0.40 0.10 0.09 0.08 0.07
1.00 0.27 0.20 0.18 0.16
1.90 0.68 0.47 0.42 0.32
2.60 0.68 0.47 0.42 0.36
4.10 0.92 0.66 0.59 0.50
5.40 0.92 0.66 0.59 0.50
6.30 1.50 0.99 0.88 0.70
9.80 1.50 0.99 0.88 0.70


10.50 1.23 0.93 0.83 0.69
13.00 1.23 0.93 0.83 0.69
19.00 0.71 0.50 0.45 0.38
26.00 0.39 0.33 0.32 0.31
34.00 0.39 0.31 0.29 0.27
44.00 0.23 0.23 0.23 0.23
80.00 0.23 0.23 0.23 0.23







ISF FACILITY 
Final Safety Analysis Report Rev. 4
 


ISFF SAR CH 3 Rev 4.doc  


 


Figure 3.2-40 
Storage Area 


Storage Area Base Mat Design Response Spectra 
Vertical Direction 


(Elevation 4912’ - 6” to 4918’ - 0”) 
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Figure 3.2-41 
Storage Area/Transfer Area 


Tunnel Level Design Response Spectra 
North-South Direction 
(Elevation: 4912’ - 6”) 
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Figure 3.2-42 
Storage Area/Transfer Area 


Tunnel Level Design Response Spectra 
East-West Direction 


(Elevation: 4912’ - 6”) 
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Figure 3.2-43 
Storage Area/Transfer Area 


Tunnel Level Design Response Spectra 
Vertical Direction 


(Elevation: 4912’ - 6”) 
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Figure 3.2-44 
Storage Area 


Charge Face Level Design Response Spectra 
North-South Direction 
(Elevation: 4938’ - 6”) 
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Figure 3.2-45 
Storage Area 


Charge Face Level Design Response Spectra 
East-West Direction 


(Elevation: 4938’ - 6”) 
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Figure 3.2-46 
Storage Area 


Charge Face Level Design Response Spectra 
Vertical Direction 


(Elevation: 4938’ - 6”) 
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Figure 3.2-47 
Storage Area 


CHM Rail Level Design Response Spectra 
North-South Direction 
(Elevation: 4942’ - 0”) 


 


0.0


0.5


1.0


1.5


2.0


2.5


0.1 1.0 10.0 100.0


Frequency (Hz)


A
cc


el
er


at
io


n 
(g


)


2% 4% 5% 7%


North-South Direction
Frequency 0.02 0.04 0.05 0.07


0.10 0.00 0.00 0.00 0.00
0.30 0.08 0.07 0.06 0.05
1.00 0.26 0.21 0.19 0.16
1.60 0.56 0.37 0.32 0.27
1.90 0.60 0.45 0.40 0.33
2.40 0.60 0.45 0.41 0.35
4.50 1.16 0.75 0.65 0.56
5.20 1.59 0.95 0.81 0.66
6.10 1.73 1.12 0.99 0.80
8.80 1.73 1.12 0.99 0.87


10.70 2.01 1.44 1.25 1.02
15.00 2.01 1.44 1.25 1.02
20.00 0.70 0.58 0.56 0.54
29.00 0.38 0.35 0.34 0.33
35.00 0.37 0.32 0.31 0.30
43.00 0.28 0.28 0.28 0.28
80.00 0.28 0.28 0.28 0.28







ISF FACILITY 
Final Safety Analysis Report Rev. 4
 


ISFF SAR CH 3 Rev 4.doc  


Figure 3.2-48 
Storage Area 


CHM Rail Level Design Response Spectra 
East-West Direction 


(Elevation: 4942’ - 0”) 
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Figure 3.2-49 
Storage Area 


CHM Rail Level Design Response Spectra 
Vertical Direction 


(Elevation: 4942’ - 0”) 
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Figure 3.2-50 
Storage Area 


Parapet Wall Level Design Response Spectra 
North-South Direction 
(Elevation: 4947’ - 0”) 
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Figure 3.2-51 
Storage Area 


Parapet Wall Level Design Response Spectra 
East-West Direction 


(Elevation: 4947’ - 0”) 
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Figure 3.2-52 
Storage Area 


Parapet Wall Level Design Response Spectra 
Vertical Direction 


(Elevation: 4947’ - 0”) 
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4.0 INSTALLATION DESIGN 


This chapter describes the design of the Idaho Spent Fuel (ISF) Facility, including the installation layout, 
facility structures, storage vaults, major components, handling equipment, and auxiliary systems. Each 
major area and component is described and evaluated with emphasis on those features that perform 
functions important to safety (ITS). In particular, special design features are described and evaluated to 
indicate those used to withstand environmental and accident conditions associated with the ISF Facility. 


This chapter also summarizes the analyses performed, to demonstrate compliance with design 
requirements presented in Chapter 3, Principal Design Criteria. 


4.1 SUMMARY DESCRIPTION 


This section summarizes the location and layout of the ISF Facility site, including the site boundary and 
controlled area boundary. It also describes the principal features of the ISF Facility site relating to site 
utility supplies, systems, and storage facilities. This includes information relating to potable water, 
sanitary wastewater, fire service water, electricity, and communications and alarm systems. 


4.1.1 Location and Layout of Installation 


The ISF Facility site is located within the U.S. Department of Energy (DOE) Idaho National Laboratory 
(INL). The INL site is in southeastern Idaho and consists of an 890-square-mile reservation 32 miles west 
of Idaho Falls, Idaho, as shown in Figure 2.1-3. Figure 2.1-5 shows the location and layout of the ISF site 
relative to the Idaho Nuclear Technology and Engineering Center (INTEC). INTEC is 53 miles west of 
Idaho Falls on 200 acres of the INL. Nearby structures, roadways, and railways are shown on these 
figures. The ISF Facility site is outside of and adjacent to the southeast side of INTEC area. 


4.1.2 Principal Features 


The principal features of the ISF Facility site and facilities are summarized in Chapter 1, Introduction and 
General Description of Installation. As described in Chapter 1, the ISF Facility is a fully enclosed 
building complex that allows for year-round operations to receive, repackage, and store SNF. It consists 
of three principal areas: the Cask Receipt Area, Transfer Area, and Storage Area. A common Transfer 
Tunnel provides for the movement of SNF throughout the facility via rail-mounted trolleys. Figure 1.2-1 
shows the external appearance of the facility. 


The general layout of the major areas of the ISF Facility is shown in Figure 1.2-2. The Cask Receipt Area 
provides the equipment necessary to transfer incoming spent nuclear fuel (SNF) transportation casks from 
truck-mounted transporters to a rail-mounted cask trolley for subsequent movement into other areas of the 
ISF Facility. The Cask Receipt Area incorporates a single-failure-proof cask receipt crane to lift the 
transport cask from its transport vehicle and place it on the cask trolley. The cask trolley moves within the 
enclosed Transfer Tunnel that connects the Cask Receipt Area with the Transfer Area and Storage Area. 
The Transfer Area and Storage Area are described below. 


The Transfer Area provides the facilities for unloading the SNF from the Transfer Cask and repackaging 
it into specifically designed ISF canisters. The ISF canisters are constructed of stainless steel and are 
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vacuum dried, backfilled with helium, and welded closed to provide an inert storage atmosphere for the 
SNF. 


Within the Fuel Packaging Area (FPA), a sub-area of the Transfer Area, SNF is handled by remote 
manipulation. SNF is manipulated using a specially designed fuel handling machine (FHM) that includes 
a single-failure-proof hoist and a power manipulator system (PMS). The FHM hoist is used to lift and 
move SNF. Master/slave manipulators (MSMs) and the PMS are used to perform required remote manual 
operations. The FPA also features shielded windows and a closed-circuit television (CCTV) system to aid 
operator viewing from the operating gallery outside of the FPA. 


The Storage Area provides for interim dry storage of the SNF. The Storage Area consists of a passively 
cooled concrete vault housing 246 metal storage tubes, as shown in Figure 1.2-3. The area above the 
concrete vault is an enclosed, metal-sided building that provides weather protection and permits year-
round SNF loading operations. Each storage tube provides interim storage for a single ISF canister. A 
canister handling machine (CHM) moves individual ISF canisters from the Transfer Tunnel to their 
storage-tube location, and inserts the ISF canisters into the storage tubes. As shown in Figure 1.2-4, the 
CHM consists of a single-failure-proof bridge crane with an integral shielded transfer cask. After an ISF 
canister is lowered into a storage tube and a shield plug is installed, the storage tube is sealed with a cover 
plate with dual metallic seal rings to provide the redundant, outer confinement barrier during storage. 
Storage tubes are filled with an inert atmosphere to reduce potential corrosion of the ISF canisters during 
storage. Figure 1.2-5 shows a storage tube assembly loaded with an ISF canister, whose internal 
configuration is presented in Figure 1.2-6. 


The following sections further describe the ISF Facility site boundary and controlled area, as well as 
nearby utilities, storage facilities, and stacks. 


4.1.2.1 Site Boundary 


The ISF Facility site boundary is shown in Figure 4.1-1. The ISF Facility site comprises an area of 
approximately 8 acres on the southeast side of INTEC. 


4.1.2.2 Controlled Area 


In accordance with Title 10, Code of Federal Regulations (CFR), Part 72.106, Subpart E, Siting 
Evaluation Factors, DOE has established a controlled area boundary as shown in Figure 2.1-3 (Ref. 4-1). 
This controlled area boundary coincides with the INL site boundary and is consistent with the controlled 
area boundary established by the DOE for the nearby Three Mile Island-2 (TMI-2) Independent Spent 
Fuel Storage Installation (ISFSI). DOE exercises control over this area. 


4.1.2.3 Site Utility Supplies and Systems 


The ISF Facility design relies on the natural circulation of air through the storage vaults to provide 
cooling for the SNF. This passive design eliminates the need for active cooling systems or utilities to 
support safe storage of the SNF. The ISF Facility site utility and supply systems are considered not 
important to safety (NITS). ITS classifications for the ISF Facility are described in Section 3.4. 
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Potable water, sanitary wastewater, fire water supply, electrical, and communications and alarm utility 
connections from the adjacent INTEC area are provided to the ISF Facility site. There are no groundwater 
test wells in the ISF Facility site. 


4.1.2.3.1 Potable Water Supply 


Potable water is provided to the ISF Facility from existing INTEC utilities. The tie-in location is a valve 
vault on the western edge of the ISF Facility site, as shown in Figure 4.1-1. The available flow rate of 
37 gallons per minute (gpm) of potable water is adequate to support ISF Facility operations. The potable 
water system is discussed in Section 4.3.5, Water Supply System. 


4.1.2.3.2 Sanitary Wastewater 


An existing 8-inch INTEC sanitary wastewater line supports the ISF Facility. This line is near the western 
edge of the ISF Facility site. An ISF Facility line will interface with the existing INTEC line at the tie-in 
location as shown in Figure 4.1-1. The sanitary wastewater system is described in Section 4.3.6, Sewage 
Treatment System. 


4.1.2.3.3 Fire Water Supply 


Fire water is supplied by INTEC utilities through two existing 10-inch water lines at the tie-in locations 
shown in Figure 4.1-1. The fire protection system, including anticipated fire water usage at the ISF 
Facility, is described in Section 4.3.8, Fire Protection Systems. 


4.1.2.3.4 Electrical Supply 


Electrical power is supplied to the ISF Facility site at 13.8 kilovolts (kV) and up to 5000 kilovolt-amps 
(kVA). The electrical power tie-in location and substation for the ISF Facility are shown in Figure 4.1-1. 
The electrical system is described in Section 4.3.2, Electrical Systems. 


4.1.2.3.5 Communications and Alarm Systems 


Communications to the ISF Facility are provided by telephone lines and local area network (LAN) 
connections. Voice and data communication lines are tied into existing INTEC telephone lines and the 
broadband LAN at the tie-in location shown in Figure 4.1-1. Emergency voice paging and alarm systems 
are also tied into existing systems at INTEC. The communications and alarm systems are described in 
Section 4.3.7, Communications and Alarm Systems, and Section 4.3.8, Fire Protection Systems. 


4.1.2.4 Storage Facilities 


Within the ISF Facility site boundary, limited amounts of chemicals and compressed gas bottles are used 
for facility operations and are stored at various locations at the ISF Facility site. There are no wastewater 
holding ponds or open-air chemical storage tanks on the ISF Facility site. Several storage facilities and 
wastewater holding ponds exist outside the ISF Facility site boundary as part of INTEC operations. 
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4.1.2.5 Stacks 


The exhaust stack from the heating, ventilation, and air conditioning (HVAC) system is located as shown 
in Figure 4.1-1. The ISF Facility stack is described in Section 4.3.1, Ventilation and Off-Gas Systems. 
Within the INTEC area an exhaust stack from a nearby shutdown fossil power plant is approximately 
300 feet from the southwest corner of the ISF Facility site. Additional stacks are in the INTEC area, and 
are further away from the ISF Facility site. 
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4.2 STORAGE STRUCTURES 


The ISF Facility uses a fixed location storage vault system consisting of two vaults for the monitored and 
retrievable interim dry storage of SNF. Figure 4.2-1 and Figure 4.2-2 depict the general arrangement of 
the ISF Facility and relative location of the storage vaults in relationship to the spent fuel receipt and 
packaging areas. The storage vaults are aboveground, reinforced concrete structures as shown in 
Figure 4.2-3, Figure 4.2-4 and Figure 4.2-5. The storage vaults contain an array of carbon-steel storage 
tube assemblies, as shown in Figure 4.2-6. Each mechanically sealed storage tube assembly contains an 
SNF-loaded stainless steel canister. Shielding is provided by the storage vault concrete structure that 
surrounds the storage tube assembly array. Decay heat is vented directly to the atmosphere by natural air 
convection. Outside air flows into the vaults via inlet vents cast into the concrete structure on the north 
and south walls, and flows along the exterior of each storage tube assembly, discharging through an 
annulus between the storage tubes and the charge face structure. 


This section describes the ISF Facility’s storage vaults and major storage components, including 
associated design criteria, materials of construction, fabrication summary, and Quality Assurance (QA) 
activities. Structural, thermal, and criticality evaluations under normal and off-normal storage conditions 
are also summarized. 


Structures and components relied upon for SNF receipt, handling and packaging, including the building 
above the storage vaults, are described and evaluated in Section 4.7. The shielding analysis is in 
Chapter 7, and the accident analysis is in Chapter 8. 


4.2.1 Structural Specification 


The design criteria of the storage vault and major components account for both normal and off-normal 
conditions, including a range of credible and postulated accidents. The principal design criteria for the 
ISF Facility are in accordance with 10 CFR 72 (Ref. 4-1) and ANSI/ANS 57.9 (Ref. 4-2). 


4.2.1.1 ISF Storage Vault 


The storage vaults consist of reinforced-concrete walls, floor, and charge face structure. Integral with the 
storage vault structure is the south section of the Transfer Tunnel. A support stool assembly is located at 
the bottom of each storage tube to provide vertical and lateral support of the storage tube. The support 
stool is bolted to the floor of the storage vaults. Thick concrete walls provide radiation shielding for the 
SNF. The storage vaults are classified ITS as they provide tornado missile protection for the stored fuel 
and the vault structure maintains the criticality array. This includes the Transfer Tunnel that forms part of 
the west wall of storage vault 1. The steel Storage Area building that covers the storage vaults and 
Transfer Tunnel is classified NITS, but was designed with additional features to ensure safe storage of the 
SNF. 
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Codes and Standards 


The design of the storage vault including the charge face and Transfer Tunnel complies with the 
following principal codes and standards: 


• ANSI/ANS 57.9, Design Criteria for an Independent Spent Fuel Storage Installation–Dry Type 


• ACI 349, Code Requirements for Nuclear Related Concrete Structures (Ref. 4-3) (as modified by 
NUREG 1567 Paragraph 5.4.3.2 [Ref. 4-4] when using ACI-318 for construction [Ref. 4-5]) 


• ANSI A58.1, Minimum Design Loads for Buildings and Other Structures (Ref. 4-6) 


• ASCE 7, Minimum Design Loads for Buildings and Other Structures (Ref. 4-7) 


Materials of Construction 


Materials for the storage vaults and Transfer Tunnel comply with ACI 349 as modified by NUREG 1567, 
paragraphs 5.4.3.2 and 5.4.3.3 when using ACI-318 for construction. The following materials are used in 
the construction of these concrete structures: 


• Cement – ASTM C150, Specification for Portland Cement 


• Aggregate – ASTM C33, Specification for Concrete Aggregates 


• Reinforcing Steel – ASTM A615, Specification for Deformed and Plain Billet-Steel Bars for 
Concrete Reinforcement 


• Reinforcing Steel – ASTM A706, Specification for Low-Alloy Steel Deformed and Plain Bars for 
Concrete Reinforcement 


• Embedments – ASTM A36, Standard Specification for Structural Steel 


Fabrication/Inspection 


The storage vaults and Transfer Tunnel will be constructed and inspected in accordance with the 
following codes: 


• ACI-349, Code Requirements for Nuclear Related Concrete Structures (as modified by NUREG 
1567 paragraph 5.4.3.2 when using ACI-318 for construction) 


• ACI-318, Code Requirements for Reinforced Concrete Structures 


• AWS D1.4, Structural Welding Code – Reinforcement (Ref. 4-8) 


Features Covered by QA Program 


The design and construction of the storage vaults and Transfer Tunnel structural concrete will be 
performed in accordance with the ISFSI Quality Assurance Plan (Ref. 4-9). 


4.2.1.2 ISF Storage Tube Assembly 


The ISF storage tube assembly consists of the storage tube body, storage tube lid and seals, and the 
internal storage tube plug. The pressure boundary components of the storage tube assembly are classified 
ITS since they provide the secondary confinement boundary for the SNF. The storage tubes are the ISF 
canister storage vessels that are installed within the storage vaults. A support stool that is bolted to the 
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vault floor locates the base of each storage tube and the upper ends of the storage tubes are located by the 
penetrations through the charge face structure. ISF canisters are loaded into the ISF storage tubes using 
the CHM. An inert helium atmosphere is established within the ISF storage tube after ISF canisters are 
loaded, in order to provide a dry inert atmosphere around the ISF canister and thereby prevent 
degradation of the canister during its residence in the storage facility. Metal seal rings are used to create 
redundant seals between the ISF storage tube body and lid. Test ports on the ISF storage tube lid are 
provided to facilitate testing of the seals during the initial inert fill process and during storage. The ISF 
storage tube is protected from tornado missile strike by the charge face structure and the charge face 
cover plate that is positioned directly above the storage tube. The charge face cover plate is bolted to the 
charge face encast to resist tornado wind pressure uplift. The support stool and the charge face cover plate 
are classified ITS. 


Codes and Standards 


The ISF storage tube pressure boundary components (confinement barrier) are an N-stamped Section III, 
Division 1, Class 2 component in accordance with the ASME Boiler & Pressure Vessel Code (Ref. 4-10). 


The storage tube body, lid, bolts, and seals are designed in accordance with Article NC-3000 of the ASME 
Boiler & Pressure Vessel Code, Section III, Division 1, Subsection NC (Class 2 Components). 


The support stool, charge face encast, and the charge face cover plate are designed in accordance with the 
AISC Manual of Steel Construction, Ninth Edition (Ref. 4-11) and the weld design and specification are 
in accordance with AWS D1.1 Structural Welding Code - Steel (Ref. 4-62). 


Materials of Construction 


Materials of construction of the storage tube assembly, support stool, charge face encast, and charge face 
cover plate are provided in Section 4.2.3.2.2. 


Fabrication/Inspection 


The storage tube body, lid, bolts, and seals are fabricated and inspected in accordance with the ASME 
Boiler & Pressure Vessel Code, Section III, Division 1, Subsection NC (Class 2 Components). 


The support stool, charge face encast, and the charge face cover plate are fabricated and inspected in 
accordance with the AISC Manual of Steel Construction, Ninth Edition and the welds are performed and 
inspected in accordance with AWS D1.1 Structural Steel Welding Code - Steel.  


Features Covered by QA Program 


Design, fabrication, testing, and inspection of the storage tube assembly is performed in accordance with 
the ISFSI Quality Assurance Plan (Ref. 4-9). 


4.2.1.3 ISF Canister 


The ISF canister consists of the canister body assembly and the canister lid assembly. The ISF canister is 
classified ITS. The canister body consists of a formed head welded to a pipe section that creates the body 
cavity. A short length of pipe is welded to the lower formed head to form a base for the canister to stand 
upon. The canister lid consists of a formed head welded to a short length of pipe that provides the upper 
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lifting feature for the canister. Integral impact plates are secured to the inside of the upper and lower 
formed heads. The impact plates support the internal baskets and transfers loads from the baskets to the 
canister shell. The ISF canister lid is welded to the canister body when the ISF canister is in the canister 
closure area. 


Codes and Standards 


The ISF canister (confinement barrier) is N-stamped as a Section III, Division 1, Class 1 component in 
accordance with the ASME Boiler & Pressure Vessel Code. 


The ISF canister is designed in accordance with Article NB-3000 of the ASME Boiler & Pressure Vessel 
Code, Section III, Division 1, Subsection NB (Class 1 Components); including Code Case N-595-2. 


Materials of Construction 


Materials of construction of the ISF canister are provided in Section 4.2.3.2.3. 


Fabrication/Inspection 


The ISF canister is fabricated and inspected in accordance with the ASME Boiler & Pressure Vessel 
Code, Section III, Division 1, Subsection NB (Class 1 Components); including Code Case N-595-2. 


Features Covered by QA Program 


Design, fabrication, testing, and inspection of the ISF canister is performed in accordance with the ISFSI 
Quality Assurance Program (Ref. 4-9). 


4.2.1.4 ISF Canister Basket 


The ISF canister baskets consist of tubes, spacer discs and plates, tie bars, lids and locking plates 
assembled into structure that provides location and support for the spent fuel elements within the ISF 
canister. The ISF canister baskets that provide criticality control features are classified ITS. There is a 
specific basket design for each fuel type, as the basket must accommodate the different physical and 
radiological parameters of the fuel. The Peach Bottom, TRIGA, and Shippingport loose rod baskets are 
used for lifting and handling the fuel elements within the FPA as they are transferred from bench vessels 
into the ISF canister. 


Codes and Standards 


The ISF canister baskets that provide criticality control features are designed in accordance with Article 
NG-3000 of the ASME Boiler & Pressure Vessel Code, Section III, Division 1, Subsection NG (Core 
Support Structures). 


Materials of Construction 


Materials of construction of the ISF canister basket are provided in Section 4.2.3.2.4. 
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Fabrication/Inspection 


The ISF canister basket is fabricated and inspected under the ISFSI Quality Assurance Program using the 
ASME Boiler & Pressure Vessel Code, Section III, Division 1, Subsection NG (Core Support Structures) 
as guidance. 


Features Covered by QA Program 


Design, fabrication, testing, and inspection of the ISF canister basket is performed in accordance with the 
ISFSI Quality Assurance Program (Ref. 4-9). 


4.2.1.5 ISF Canister Impact Plate and Shield Plug 


The impact plates are located inside the ISF canister upper and lower formed heads. They are flat steel 
plates that create perpendicular end faces inside the canister for the shield plug and canister basket to 
react against. The impact plates are fixed to the formed heads by a welded ring that holds the impact 
plates in their required position. The shield plug is a steel disc that is placed above the basket within the 
ISF canister. The shield plug is used to reduce the dose from the canister during canister closing 
operations. As each fuel type has different radiological parameters, there are different thickness 
requirements for the shield plugs to suit each fuel type. The ISF canister impact plate and shield plug are 
classified ITS. 


Codes and Standards 


The ISF canister impact plate and shield plug are designed to the requirements of Article NF-3000 of the 
ASME Boiler & Pressure Vessel Code, Section III, Division 1, Subsection NF (Supports). 


Materials of Construction 


Materials of construction of the ISF canister impact plate and shield plug are provided in Section 4.2.3.2.3 


Fabrication/Inspection 


The ISF canister impact plate and shield plug are fabricated and inspected under the ISFSI Quality 
Assurance Program, using the ASME Boiler & Pressure Vessel Code, Section III, Division 1, Subsection 
NF (Supports) as guidance. 


Features Covered by QA Program 


Design, fabrication, testing, and inspection of the ISF canister impact plate and shield plug are performed 
in accordance with the ISFSI Quality Assurance Program (Ref. 4-9). 


4.2.1.6 ISF Storage Tube Plug 


A shield plug is located in the top of each ISF storage tube, known as the ISF storage tube plug. The tube 
plug consists of a concrete filled tubular steel body. The upper end of the tube plug is stepped so that it 
sits inside the stepped upper forging of the ISF storage tube. The ISF storage tube plug is classified NITS 
as it provides shielding and does not form part of the storage tube pressure boundary. A lifting pintle is 
screwed into the tube plug to allow it to be handled by the CHM during ISF storage tube loading 
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operations. The CHM also has the ability to exchange a tube plug using a lifting adapter that permits the 
canister grapple to lift the tube plug. The lifting adapter screws into the tapped hole in the tube plug that is 
normally used by the tube plug lifting pintle. 


The tube plug provides shielding above the canisters that completes the overall shielding of the charge 
face structure. Stepped joints between the tube plug and the storage tube, and between the storage tube 
and charge face, prevent direct vertical streaming dose from the storage vault into the Storage Area. 


Codes and Standards 


The ISF storage tube plug is designed in accordance with the AISC Manual of Steel Construction, 
Ninth Edition and ACI 349, Code Requirements for Nuclear Related Concrete Structures. 


The tube plug lifting pintle and the tube plug lifting adapter are designed in accordance with Crane 
Manufacturers Association of America (CMAA), Specification No. 70, Specifications for Top Running 
Bridge and Gantry Type Multiple Girder Electric Overhead Traveling Cranes (Ref. 4-12). 


Materials of Construction 


Materials of construction of the ISF storage tube plug are provided in Section 4.2.3.2.2. 


Fabrication/Inspection 


The ISF storage tube plug is fabricated and inspected in accordance with the AISC Manual of Steel 
Construction, Ninth Edition and ACI 349, Code Requirements for Nuclear Related Concrete Structures. 


The tube plug lifting pintle and the tube plug lifting adapter are fabricated and inspected in accordance 
with Crane Manufacturers Association of America (CMAA), Specification No. 70, Specifications for Top 
Running Bridge and Gantry Type Multiple Girder Electric Overhead Traveling Cranes. 


Features Covered by QA Program 


Design, fabrication, testing, and inspection of the ISF storage tube plug is performed in accordance with 
the ISFSI Quality Assurance Program (Ref. 4-9). 


4.2.2 Installation Layout 


This section focuses on the Storage Area vaults and storage components. Installation layout figures for 
SSCs used in SNF receipt, handling and packaging operations are provided in Section 4.7. 


4.2.2.1 Building Plans 


Figure 4.2-3 is a plan view of the storage vaults showing the storage tube array in the two storage vaults. 


4.2.2.2 Building Sections 


Figure 4.2-4 is a section looking west through the Storage Area showing the vertically standing storage 
tubes, CHM, and steel building that covers the vaults and Transfer Tunnel. 
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Figure 4.2-5 is a section looking north through the two storage vaults showing the relative location of the 
storage vaults, storage tubes, Transfer Tunnel, and CHM positioned over the Storage Area load/unload 
port. 


4.2.2.3 Confinement Features 


Confinement features in the Cask Receipt Area and Transfer Area are described in Section 4.7. 


Within the ISF storage vault, two independent confinement barriers between the SNF and the 
environment ensure safe storage during design basis conditions. The welded ISF canister provides the 
primary SNF confinement barrier. After the ISF canister is placed in the ISF storage tube, the 
mechanically sealed storage tube assembly functions as a secondary confinement barrier. The SNF 
cladding is not credited to function as a confinement barrier. 


Regulations in 10 CFR 72.122(h) permit alternatives to the typical dry cask storage system approach. The 
general design criteria for the confinement barrier requires (in part) that: 


“(1) The spent fuel cladding must be protected during storage against degradation that 
leads to gross ruptures or the fuel must be otherwise confined such that degradation of the 
fuel during storage will not pose operational safety problems with respect to its removal 
from storage. This may be accomplished by canning of consolidated fuel rods or 
unconsolidated assemblies or other means as appropriate.” 


The “canning” alternative provided in 10 CFR 72.122(h)(1) is incorporated into the ISF Facility design. 
The ISF canister confines the SNF so that degradation of fuel cladding or the fuel matrix during storage 
will not pose operational safety problems with respect to its removal from storage. 


The ISF storage tube assembly provides the outer (secondary) confinement barrier and the dual 
mechanical seals of the ISF storage tube closure lid are credited for meeting the redundant sealing 
requirement imposed by 10 CFR 72.236(e). The confinement barrier design for the ISF Facility is 
compared to a typical SNF cask design below. 


 
Primary 


Confinement Barrier
Secondary 


Confinement Barrier 
Redundant Closure per 


10 CFR 72.236(e) 
Typical SNF Cask 
Design 


Fuel cladding Storage canister perimeter Double seal welds on canister 
closure lid 


ISF Facility Design Welded ISF canister ISF storage tube assembly Double metallic seal rings on 
ISF storage tube assembly lid 


The ISF canister does not function as a stand-alone storage system component during interim storage. 
SNF is first loaded into an ISF canister and welded closed. Each sealed ISF canister is then loaded into an 
ISF storage tube assembly sealed with double metallic seal rings to prevent the release of radioactive 
material. This design meets the requirements and the intent of 10 CFR 72. 
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After regulatory authority approval, which is not being requested by the ISF Facility License Transfer 
Application, the ISF canisters are expected to be: 


• Removed from the storage tube assemblies in the ISF Facility storage vaults, loaded into a 
transportation cask and shipped to an authorized repository. 


• Loaded into repository waste packages for permanent disposal at an authorized repository without 
opening the ISF canisters and directly handling the SNF. 


4.2.3 Individual Fuel Storage System Unit Description 


The ISF Facility uses a fixed location vault structure for interim dry storage of the ISF canisters. The fuel 
storage system of the ISF Facility consists primarily of the vault structure and the storage tube assemblies. 
The ISF canisters (with their internal ISF baskets) placed inside the storage tube assemblies in the storage 
vaults are considered the fuel storage system. 


The storage vaults are enclosed over their top surface by the Storage Area building, which provides a 
weatherproof enclosure for canister transfer operations using the CHM. Section 4.7 describes the Storage 
Area building and CHM. 


The storage vaults consist of the following main structures and components: 


• foundation slab, vertical walls, and charge face structure 


• charge face encasts and cover plates 


• storage tube support stools 


• cooling air inlet and outlet ducts 


The storage tube assembly consists of the following main components: 


• storage tube body 


• storage tube lid and bolts 


• metallic seal rings 


• storage tube plug 


The ISF canister assembly consists of the following main components: 


• ISF canister assembly 


• ISF basket structure 


• shield plug assembly 


• spacers 


Figure 4.2-4 shows a north-south section through the storage vault showing the storage tubes standing 
vertically in the vault and the Storage Area building, including the CHM. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.2-9 


 


  


Figure 4.2-5 shows an east-west section through the two storage vaults showing the relative location of 
the storage vaults, storage tubes, and transfer tunnel. 


Figure 4.2-3 shows a plan view of the storage vaults depicting the storage tube array in the two storage 
vaults. 


Figure 4.2-6 shows a section through the storage tube assembly. 


Figure 4.2-7 and Figure 4.2-8 show the ISF canister and basket assemblies used to store the various SNF 
types at the ISF Facility. 


4.2.3.1 Function 


The overall function of the spent fuel storage system at the ISF Facility is to provide confined, shielded, 
and criticality safe interim dry storage of the ISF canisters and their fuel contents for up to 40 years at the 
ISF Facility. Specific functions for each storage system component are provided below. 


The storage vault: 


• provides radiological shielding from the stored SNF 


• provides tornado missile protection to the stored SNF 


• provides a seismically stable structure to support the storage tubes 


• provides labyrinth shielded inlet and outlet ducts as part of the passive natural convection cooling 
system for the stored SNF 


• maintains the storage tubes in a fixed subcritical array 


• transmits the loads from the storage tubes to the soil 


The storage tube: 


• provide a secondary confinement barrier for the stored SNF 


• provide a dry, inert atmosphere that will prevent degradation of the stored ISF canister 


• complete the vault shielding by incorporating a tube plug 


• provide a heat transfer interface between the ISF canister and the vault cooling air system in order 
to remove the decay heat from the stored SNF 


• maintain the stored ISF canisters in a fixed subcritical array during normal, off-normal, and 
accident conditions of storage 


• transfer the loads from the ISF canister to the storage vault structure 


During storage, the ISF canister, impact plate, and ISF basket assembly: 


• provide the primary confinement barrier for the stored SNF (ISF Canister only) 


• provide a dry, inert atmosphere that will prevent degradation of the stored SNF 


• provide a means of handling the stored SNF into and out of the storage tube 
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• provide a heat transfer interface between the stored SNF and the storage tube in order to remove 
the decay heat and thereby maintain the stored SNF at acceptable temperatures 


• maintain the stored SNF in a fixed subcritical array in all conditions of storage 


• transmit the loads from the SNF to the storage tube 


4.2.3.2 Components 


4.2.3.2.1 Description of the Storage Vault 


The storage vault is a reinforced concrete structure between the Cask Receipt Area and the Transfer Area 
as shown on Figures 4.2-1 and 4.2-9. There are two separate storage vault modules in the vault structure, 
designated vault 1 and vault 2. Vault 1 is positioned west of vault 2. The adjacent Transfer Tunnel is 
structurally part of the vault structure, but is not considered a functional part of the vault storage system. 


The storage vault modules are enclosed over their top surface by the Storage Area building, which 
provides a weatherproof enclosure for canister transfer operations using the CHM. The Storage Area 
building is described in Section 4.7.3.1.5. 


The storage vault system provides storage for 18-inch and 24-inch diameter ISF canisters placed in 
storage tubes. The storage tubes are designated 18-inch and 24-inch diameter because they are sized to 
accept the 18-inch or 24-inch diameter ISF canisters, but the actual internal diameters of the storage tubes 
are larger than their designated labels. The tube arrays are shown in Figure 4.2-3. Table 4.2-1 provides the 
number and size of the storage tube assemblies in each vault module. 


The vertical loads from the storage tubes are transmitted through the base of the storage tube to support 
stools bolted to the vault floor slab. Storage tube vertical loads include dead weight of the storage tube 
and canister, and dynamic loads due to canister handling and seismic effects. The storage tubes do not 
apply any vertical loads to the charge face structure. The lateral loads from the storage tubes are 
transmitted at the top end through the charge face encast into the charge face structure, and at the bottom 
end through the support stool into the vault floor slab. Storage tube lateral loads are primarily due to 
seismic events. The charge face structure transmits the storage tube lateral loads to the vault walls and 
from there into the vault foundation. 


The spacing of the storage tube array is determined by the structural requirements of the charge face 
structure. The ligament between adjacent storage tubes provides the beam section properties needed for 
the charge face structure to span the vault. The charge face and the support stool provide the upper and 
lower positioning for the storage tube creating a fixed array, which is used in the thermal, shielding and 
criticality analyses. 


The foundation slab under the vault modules, and both the external and internal dividing walls, are 
nominally 3 feet thick. The charge face structure is 2 feet, 6 inches thick. A parapet wall runs above the 
north and south edges of the vault to form the runway beam structure for the CHM and a foundation for 
the structural steel of the Storage Area building. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.2-11 


 


  


The vault structural elements are designed of reinforced concrete to provide: 


• radiation shielding (see Section 7.0 for the vault shielding assessment) 


• structural and seismic stability without loss of function 


• tornado protection for the stored SNF 


The vault foundation slab is designed to support the load of the vault modules, including structural 
weight, facility operations, and off-normal and accident conditions. 


Cooling-air inlet ducts are formed in the north and south walls of the vault nominally at charge face level, 
using the additional thickness of the CHM parapet wall for shielding. The inlet ducts have an offset path 
to prevent direct radiation streaming out from the storage tube assemblies. Mesh screens and a weather 
canopy over each inlet duct prevent debris, birds, vermin, etc., from getting into the vault. The inlet duct 
mesh screen has nominally 70 percent open area. 


Cooling air exits the vault through the charge face structure into the Storage Area building, and is 
exhausted via louvers placed high in the building walls. A radial gap in the annulus between the charge 
face encast and the storage tube assembly and charge face cover plate, as shown in Figure 4.2-10, permits 
cooling air to flow up from the vaults and into the Storage Area building. The storage tube and charge 
face encast include matching shielding steps that prevent direct radiation from streaming through the 
charge face. Storage vault cooling is passive and self-regulating. The decay heat from the SNF warms the 
air, thus creating the convection flow to remove decay heat. 


The outside surfaces of the storage tubes are sealed and radiologically clean. Therefore, no contamination 
is transferred to the cooling airflow or to the inside surface of the vault modules. 


The charge face structure has steel encasts that locate the top end of the storage tubes. A 2.25-inch-thick 
steel charge face cover plate is bolted to each charge face encast to provide a tornado missile protective 
cover over each storage tube. This arrangement is shown in Figure 4.2-11. The charge face cover plates 
are bolted down to resist tornado wind suction forces. 


4.2.3.2.2 Description of the Storage Tube Assembly and Associated Interfacing 
Equipment 


The storage system provides two sizes of storage tube assembly: the 18-inch diameter storage tube, which 
accepts 18-inch diameter ISF canisters, and the 24-inch diameter storage tube, which accepts 24-inch 
diameter ISF canisters. As noted in the previous section, the ISF storage tubes are designated based on the 
diameter canister that they are sized to accept. 


The storage tube assembly consists of the following main components: 


• storage tube body 


• storage tube lid (incorporating evacuating and inert fill port), bolts, and metal seal rings 


• storage tube plug 
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The storage tube assembly interfaces with the following components and equipment: 


• charge face cover plate 


• storage tube support stool 


• tube plug lifting pintle 


• guide ring 


• lifting adapter 


• charge face encast and charge face structure 


• ISF canister 


• storage tube monitoring system 


The component parts of the storage tube assemblies and associated interfacing equipment and their 
individual functional requirements are described below. 


Storage Tube Assembly 


The storage tube assembly (confinement barrier) is an N-stamped ASME Code Section III Division 1, 
Subsection NC (Class 2) vessel. The overall length of the storage tube is approximately 20 feet. The 18-
inch and 24-inch storage tubes have nominal outside diameters of 20 inches and 26 inches, respectively. 


The design parameters for the storage tube are: 


design life: 40 years 
design pressure:  50 psig 
design temperature:  300°F 
design basis leak rate: 10-4 cc/sec 


Structural calculations are performed to analyze the storage tube for the effects of dead weight, pressure, 
handling, thermal, earthquake, and drop cases. 


The storage tube consists of a carbon-steel tube welded to a forged flat closure plate at its bottom end. An 
annular forging is welded to the top end, and to this a flat closure lid is bolted. Metallic double seal rings 
between the flat closure lid and the top forging complete the pressure boundary. Figure 4.2-11 shows the 
detail of the storage tube seal rings and the inter-space leak check port used to verify that the storage tube 
lid is properly sealed. 


A central port through the closure lid facilitates access to the storage tube for evacuation, leak testing, and 
inerting with helium, as shown in Figure 4.2-11. A check valve fitted in the lid port assists in the helium 
fill operation. The check valve is held open during helium filling operations by the connection tool that 
connects between the storage tube and the tube monitoring system. After completion of helium filling, a 
lid cover plate is installed with cap screws over the lid port and sealed by a pair of metallic seal rings. An 
inter-space leak checkpoint allows leak checking the seal rings of the lid cover plate. 
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The storage tube top forging has an internally stepped shoulder that supports an internal shield plug that is 
used to maintain the overall charge face shielding. The external stepped diameters of the top forging also 
provide a shielding interface with the charge face encast. 


The top end of the storage tube is laterally centered by four equally spaced pads that are part of the charge 
face encast tube. An engineered annular gap between the outside diameter of the storage tube and the bore 
of the encast tube enables natural convection cooling flow to pass around the outside of the tube and up to 
the Storage Area building, as shown in Figure 4.2-10. The annular gap is nominally 0.25 inches wide. 


The weight of the storage tube assembly rests on the steel support stool that is secured to the vault floor, 
and provides both lateral and vertical location and support. The height of the stool is set during 
construction to provide sufficient axial clearance at the top end of the storage tube so that seismic and 
differential thermal movements do not introduce axial loads in the storage tube assembly. 


Storage Tube Plug 


The storage tube plug is shown in Figure 4.2-11. It is positioned in the storage tube at charge face height 
and provides vertical shielding directly above the stored ISF canister, thereby completing the shielding 
continuity of the charge face structure. The tube plug is constructed from steel and concrete, and is 
designed to withstand the temperature variations, external pressures, and vacuum experienced while the 
storage tube internals are subjected to operating pressure, evacuation, or leak testing. A spiral vent tube is 
embedded in the concrete plug to provide a vent path between the storage tube closure lid and the storage 
tube area below the plug to facilitate evacuation and inerting the storage tube assembly. A lifting pintle is 
fitted to the tube plug to facilitate handling by the CHM during canister loading operations. The tube plug 
lifting pintle is removed from the tube plug before fitting the storage tube closure lid. 


Storage Tube Assembly Materials 


The storage tube assembly is fabricated from the following materials: 


• storage tube body – ASME SA333 Grade 6 


• storage tube top forging – ASME SA350 Grade LF2 


• storage tube flat closure plate – ASME SA350 Grade LF2 


• storage tube lid – ASME SA516 Grade 55 


• storage tube lid cap screws – ASME SA193 Grade B7 


• storage tube lid cover plate – ASME SA516 Grade 55 


• storage tube lid cover plate cap screws – ASME SA193 Grade B7 


• metal seal rings – Inconel Alloy 718, silver plated 


• storage tube plug body – ASTM A333 Grade 6 and ASTM A36 


• storage tube plug concrete fill – minimum density 140 pounds per cubic foot 
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• lifting pintle – ASTM A434 Grade 4340 Class BC 


• storage tube and lid external surface coating is aluminum spray 


• storage tube and lid internal surface coating is etch primer 


The aluminum spray coating is used to prevent corrosion of the storage tube external surface for the 
required 40-year design life. Refer to Section 4.2.3.3.8 for additional information on corrosion prevention 
of the storage tube and ISF canister. 


Charge Face Cover Plate 


The charge face cover plate is a 2.25-inch thick steel disc located in a recess inside the charge face encast. 
Its top surface is level with the charge face surface, as shown in Figure 4.2-11. An annular gap between 
the outside diameter of the cover plate and the bore of the charge face is established by four equally 
spaced pads in the encast to provides a flow passage for the storage tube cooling air. The cover plate is 
bolted to a shoulder on the encast but is raised off it by 0.75-inch thick spacers below the cover plate at 
each cap screw location to maintain the required cooling airflow passageway. 


Although the charge face cover plates contribute to overall charge face shielding performance, their 
primary function is to protect the top of the storage tube from tornado missile impact. Four cap screws 
hold the charge face cover plate down against the suction pressure resulting from the maximum tornado 
wind speed. 


The charge face cover plates remain in place over the storage tubes except while the following operations 
take place: 


• ISF canister loading into a storage tube 


• ISF canister unloading from a storage tube 


• inspection of a storage tube during storage 


There are two sizes of charge face cover plates, sized for the 18-inch and 24-inch storage tube locations. 
The charge face cover plate is made from the following materials: 


• charge face cover plate – ASTM A36 


• charge face cover plate cap screws – ANSI B18.3, ASTM A574 


• charge face cover plate coating is two-part epoxy paint 


Each charge face cover plate is removed and installed by using a portable hoist that is rolled across the 
charge face structure. The hoist attaches to three eyebolts that are threaded into holes in the cover plate. 


Charge Face Encast 


The charge face encast is a steel fabrication cast into the charge face concrete structure to create the 
storage tube penetrations as shown in Figure 4.2-11. It is structurally tied into the charge face concrete 
and reinforcement by steel bars welded to the external diameters of the encast tubes. There are two sizes 
of charge face encasts, sized for the 18-inch storage tube and 24-inch storage tube locations. 
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The charge face encast provides a clean internal bore that locates and provides lateral (but not vertical) 
support for the storage tube assembly. The bore of the encast is stepped to provide matching shielding 
with the storage tube profile. Features are provided at the top end of the encast for locating and fastening 
the charge face cover plate and the funnel-shaped guide ring that is used when loading or unloading 
canisters to/from the storage tubes as shown in Figure 4.2-12. 


The internal bore of the encast is designed with centering pads to provide a radial clearance gap around 
the storage tube top forging so that the vault cooling air flow can flow up through the charge face 
structure into the charge hall. The charge face encasts are made from the following materials: 


• encast pipe sections – ASTM A333 Grade 1 


• encast plate and bar sections – ASTM A36 


• charge face encast internal surface coating-aluminum spray 


• surfaces of encast in contact with concrete are coated with a primer 


Storage Tube Support Stool 


The storage tube support stool assembly is a flat plate with four alignment guides positioned on a pitch 
circle diameter so that the storage tube can fit inside these and be laterally located and supported by them, 
as shown in Figure 4.2-6 and Figure 4.2-13. The support stool provides structural support for the bottom 
end of the storage tube assembly. The support stool is positioned directly below the charge face encast 
and is anchor-bolted and grouted to the floor of the vaults. Jacking screws on the support stool base plate 
are provided to set the height and level of each individual support stool before being grouted in position 
during installation. There are two sizes of support stool, sized for the 18-inch and 24-inch storage tube 
locations. 


The support stool transmits the vertical and lateral loads from the base of the storage tube into the vault 
floor. Storage tube vertical static and dynamic loads are transmitted through the support stool. Vertical 
loads from the storage tube assemblies are not transmitted to the charge face structure. Seismic events 
may generate lateral loads from the storage tube assembly. The support stool is designed to withstand 
these lateral loads from the base of the storage tube and to keep the storage tube in position so that the 
geometry of the storage array does not change. The charge face encast provides lateral support for the 
upper end of the storage tube assembly during a seismic event. The lateral support function of the support 
stool and the charge face encast work together to ensure that the storage tube array does not change 
during a seismic event. 


The storage tube rests on the support stool. The support stool alignment guides are designed to be tall 
enough to restrain the storage tube during a seismic event. A guide ring is bolted into the charge face 
encast, which protrudes over the storage tube top forging, as shown in Figure 4.2-12. With the guide ring 
bolted in position there is insufficient clearance between the guide ring and the top of the storage tube 
assembly to lift the storage tube off its base. The support stool assembly is made from the following 
materials: 


• support stool plate sections – ASTM A572 Grade 42, type 1 


• support stool alignment guides – ASTM A6, ASTM A572 Grade 42, type 1 


• support stool anchor bolts – ASTM A193, Grade B7 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.2-16 


 


  


• support stool external surface coating – aluminum spray 


• surfaces of support stool in contact with grout – paint with primer 


Tube Plug Lifting Pintle 


The tube plug lifting pintle is a removable lifting component screwed into the top of the tube plug to 
facilitate handling by the CHM, as shown in Figure 4.2-12. Because the lifting pintle does not remain 
permanently attached to the storage tube plug, the overall height of the storage tube assembly is reduced. 


During canister loading operations the charge face cover plate and storage tube lid are removed from the 
designated storage location. The tube plug lifting pintle is then screwed into the top of the exposed tube 
plug. A painted spot on the top surface of the lifting pintle is used as the sighting target for the CHM 
navigation camera. The CHM aligns itself onto the pintle center spot as the starting position for the 
canister loading operation. After the canister has been loaded into the storage tube and the tube plug 
replaced, the tube plug pintle is removed to allow the storage tube lid to be installed. The lifting pintle is 
made from the following materials: 


• tube plug lifting pintle – ASTM A434, Grade 4340, Class BC 


• tube plug lifting pintle coating is etch primer 


Guide Ring 


The guide ring is a funnel-shaped annular steel ring, shown in Figure 4.2-12, which bolts to the top end of 
the charge face encast after the charge face cover plate and storage tube closure lid are removed. It 
provides a smooth lead-in guide during installation of the ISF canister and grapple as these are lowered 
into or out of the storage tube. It also protects the storage-tube sealing surface against which the storage 
tube closure lid seal rings engage. 


The guide ring is bolted down, using the charge face cover plate bolts, to prevent the storage tube from 
being inadvertently lifted out by the canister or plug hoist if obstructions were to result between these and 
the storage tube. 


There are two sizes of guide ring, sized for the 18-inch and 24-inch storage tube locations. The Storage 
Area ancillary handling equipment hoist and trolleys move and position the guide rings. The guide ring is 
made from the following materials: 


• guide ring – ASTM A36 


• guide ring coating is etch primer 


Tube Plug Lifting Adapter 


The CHM has a hoist and grapple to handle the storage tube plug, and a hoist and grapple to handle the 
ISF canister. A faulty tube plug would be rare, but could potentially occur due to a mishap, such as if it 
were dropped. In this case, it would be necessary to configure the CHM to exchange the faulty tube plug. 
Installing the tube plug lifting adapter on a new tube plug enables it to be handled by the CHM canister 
grapple. The CHM can then lift a new tube plug into the canister cavity of the CHM, traverse to the 
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storage tube location with the faulty tube plug, use the CHM tube plug hoist to remove the faulty tube 
plug, and use the canister hoist to place the new plug in the storage tube. 


The tube plug lifting adapter, shown in Figure 4.2-14, can be bolted to the top of a tube plug to enable the 
CHM’s canister grapple to engage and lift it. For this reason, the lifting adapter replicates the geometry of 
the top of the ISF canister. Exchanging a tube plug should be an infrequent operation. 


There are two sizes of tube plug lifting adapter, sized for the 18-inch storage tube and 24-inch storage 
tube locations. The lifting adapter assembly is made from the following materials: 


• lifting adapter pipe sections – ASTM A333 Grade 1 


• lifting adapter plate sections – ASTM A36 


• bolt – ANSI B18.2.1, ASTM A325 type 1 


• lifting adapter coating is etch primer 


4.2.3.2.3 Description of the ISF Canister Assembly 


ISF Canister 


The ISF canister (confinement barrier) is an N-stamped ASME Code, Section III, Division 1, Subsection 
NB (Class 1) vessel. The ISF canister design is based on the DOE Standardized Spent Nuclear Fuel 
Canister Specification, summarized in Table 4.2-2. Several aspects of the original DOE canister design 
have been augmented in the ISF canister design to comply with ASME code requirements. The general 
arrangement of an ISF canister is shown in Figure 4.2-15. 


The design life of the ISF canister assembly is 40 years. 


Fuel-specific ISF baskets and an internal shield plug are used with the ISF canister to provide a storage 
and transfer system vessel for SNF at the ISF Facility. Fuel-specific ISF baskets are provided for Peach 
Bottom, TRIGA, and Shippingport fuel assemblies. The various arrangements of ISF canister and basket 
assemblies designed to store SNF at the ISF Facility are shown in Figure 4.2-7 and Figure 4.2-8. 


The ISF canister consists of two main sub-assemblies: the body assembly and the lid assembly. These two 
assemblies are welded together in the Canister Closure Area (CCA) after being loaded with SNF to 
complete the canister assembly. 


The ISF canister body assembly consists of the following components: 


• canister body 


• lower head 


• impact limiter with a welded lifting ring 


• lower internal impact plate secured to the lower head by a welded retaining ring 
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The ISF canister lid assembly consists of the following components: 


• upper head incorporating a vent plug and a flange for interfacing with the vacuum connection tool 


• impact limiter with welded lifting ring 


• upper internal impact plate secured to the upper head by a welded retaining ring 


The top and bottom impact limiters with their associated lifting rings serve as energy absorbers if the 
canister is accidentally dropped. Contoured impact plates that match the interior surface of the upper and 
lower heads are used to protect the dished heads from internal impacts during a canister drop accident. 
Each plate provides a flat surface for supporting the ISF basket inside the canister. The impact plates, 
captured by a retaining ring welded to upper and lower head, do not provide a pressure retaining function 
in the canister. However, as they are in the ISF basket handling load path, the impact plates are designed 
to the requirements of the ASME Code, Section III, Division 1, Subsection NF. 


The ISF facility uses three canister configurations: 


• 18-inch outside diameter, long (15 feet) 


• 18-inch outside diameter, short (10 feet) 


• 24-inch outside diameter, long (15 feet) 


Table 4.2-3 identifies the canister configuration used for each fuel type. The ISF canister is fabricated 
from standard pipe sections subject to tolerances as shown in Table 4.2-4, that affect internal cavity 
dimensions that can be used to accommodate ISF baskets. For an 18-inch pipe, the combined tolerance 
effects of diameter, thickness, ovality, and straightness over a 144-inch length of pipe reduce the internal 
diameter to approximately 16.9 inches. For a 24-inch pipe, the internal diameter is reduced to 
approximately 22.6 inches. This tolerance stack-up is provided in Table 4.2-5.  


The ISF canister assembly is fabricated from the following materials: 


• canister body – SA-312, type 316L 


• upper and lower heads – SA-240, type 316L 


• upper and lower impact plates – SA-240, type 316L, or SA 351, CF3M or CF3MN 


• impact plate retaining ring – SA-240, type 316L 


• shield plug retaining ring – SA-240, type 316L, or SA-479, type 316L 


• upper and lower impact limiter – SA-312, type 316L 


• upper and lower lifting ring – SA-240, type 316L 


• canister stainless steel components are left uncoated 


Canister Shield Plug 


The canister shield plug is placed in the ISF canister between the upper impact plate and the top of the 
ISF basket, as shown in Figure 4.2-16. This shield plug reduces radiation doses to workers during canister 
welding, inspection, vacuum drying, and inerting operations in the CCA. The internal shield plug is 
supported directly by the ISF basket, or by a retaining ring welded to the ISF canister wall. 
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The shield plug does not provide a pressure retaining function in the canister. However, it is part of the 
ISF basket handling load path and is designed to the requirements of the ASME Code, Section III, 
Division 1, Subsection NF. 


The top surface of the shield plug is positioned so that when the canister is in the canister cask, the shield 
plug and the canister cask collet system form a shielding barrier around the fuel. The radial gap between 
the shield plug and the canister is sized to provide shielding attenuation and to facilitate removal and 
insertion of the shield plug when the canister is at the FPA. 


A lifting pintle is fitted to the top of the shield plug to facilitate handling in the FPA. The shield plug 
lifting pintle is similar to the pintle fitted to the ISF baskets, thereby permitting the same type of lifting 
tool in the FPA to handle both components. 


When the canister shield plug is first loaded into the empty canister (i.e., empty of SNF) inside the CCA, 
the shield plug is handled by a unique lifting tool that engages in a tapped hole in the lifting pintle. 
Figure 4.2-17 shows the lifting tool engaged in a basket assembly, which is handled in a similar manner 
inside the CCA. After the shield plug has been placed in the canister and checked for proper fit, the 
tapped hole in the shield plug lifting pintle is filled with a grub screw that prevents further lifting of the 
shield plug in the CCA. This radiological safety feature mitigates against an inadvertent attempt to lift the 
shield plug out of the canister after it returns to the CCA after being loaded with SNF in the FPA. 


The canister shield plug is fabricated from the following materials: 


• lifting pintle – ASME SA479 316L 


• shield plug – ASME SA479 316L or SA 351 CF3M or CF3MN 


• spacer – ASME SA312 316L 


• dowel pin – ASME SA479 316L 


4.2.3.2.4 Description of ISF Basket Assembly 


Internal baskets are required inside the ISF canisters during handling and storage, to support, protect, and 
limit movement of the SNF assemblies, to maximize canister content, and to maintain the geometry of the 
arrays if required for criticality. These structures are designated “ISF baskets”’ to differentiate them from 
other baskets contained in the Transfer Casks used to transport SNF to the ISF Facility. 


The ISF baskets provide the structural support for the fuel assemblies in the ISF canister and ensure that 
the SNF remains subcritical during normal, off-normal, and accident conditions at the ISF Facility. The 
ISF baskets are open on top to allow SNF to be inserted, in the FPA. Among the three configurations of 
ISF canister sizes used at the ISF Facility, different ISF basket designs are used to accommodate different 
types of SNF. 


A basket lid (except for Shippingport reflector module ISF baskets) is securely attached to the top of the 
ISF baskets to limit fuel movement inside the basket compartment and prevent ejection of fuel assemblies 
during a drop accident. For the Shippingport reflector modules the internal ISF basket guides remain 
inside the canister to support and protect the fuel assembly as it is lowered inside. 
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ISF baskets and support structures are designed to fit inside the 18-inch and 24-inch ISF canisters. 
Removable ISF baskets are designed to fit interchangeably into any canister of the appropriate size. 
Canister configurations for each specific SNF type are listed in Table 4.2-3.  


The functions of the ISF baskets are to: 


• withstand the static loads due to the ISF basket weight, SNF weight, and canister shield plug 
weight (ISF baskets are vertical during interim storage) 


• facilitate fuel loading in the FPA 


• facilitate handling in the FPA 


• provide a heat transfer path for the SNF decay heat to the canister 


• maintain the fuel in a subcritical array in the canister during normal, off-normal, and accident 
conditions 


In addition, the ISF basket provides features required for compliance with future transportation and 
repository disposal. Features specifically provided for compliance with transportation and/or repository 
disposal, but which are not necessary for 10 CFR 72 storage requirements (e.g., increased structural 
strength for transportation accidents and long term neutron poisons for repository storage) have been 
described here for purposes of completeness. 


There are several configurations of ISF baskets relating to the three fuel types. The specific descriptions 
of each ISF basket type are given below against each fuel type. 


Peach Bottom ISF Baskets 


There are three variations of ISF baskets for Peach Bottom fuel: 


• Peach Bottom core 1 fuel ISF basket (Figure 4.2-18) 


• Peach Bottom core 2 fuel ISF basket (Figure 4.2-18) 


• Peach Bottom core 1 fuel Attached Removal Tool (ART) ISF basket (Figure 4.2-19) 


Peach Bottom ISF baskets are designed to be interchangeable with any 18-inch diameter, long ISF 
canister. This is necessary because the ISF canister that transfers the unloaded ISF basket into the FPA is 
not the same canister that brings the loaded ISF basket out of the FPA to the CCA. 


Peach Bottom Core 1 Fuel and Core 2 Fuel ISF Basket 


The Peach Bottom 1 and 2 ISF baskets use “tube-and-spacer-plate” design, where the individual fuel 
element is housed in a longitudinal support tube and the tubes are supported by a number of spacer plates. 
The outside diameters of the spacer plates of the ISF basket bear against the side of the canister to 
transmit ISF basket loads to the canister shell under accident conditions. 


The Peach Bottom 1 and 2 ISF baskets are similar. Both ISF baskets hold 10 fuel elements, 2 near the 
center of the basket and 8 around the periphery. The fuel tubes are 4-inch outside diameter and run the 
length of the ISF basket. A total of 9 spacer plates along the length of the ISF basket provide the lateral 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.2-21 


 


  


location and support for the fuel tubes. Each spacer plate is made from stainless steel plate, with holes for 
the 10 fuel tubes bored through the plate to create the tube array. 


In addition to the 10 fuel tubes, 2 other tubes run the length of the ISF basket. These tubes are filled with 
gadolinium phosphate and are sealed closed. Holes bored through the spacer plates carry the gadolinium 
phosphate tubes in a similar way to the fuel tubes. The gadolinium phosphate tubes provide long-term 
neutron absorber capability that is required for future geological repository of the ISF canister. This SAR 
does not take credit for the presence of the gadolinium phosphate tubes in the interim storage criticality 
analyses. 


Tie bars are used to set the spacing for the spacer plates. Four tie bars around the periphery of the ISF 
basket support the ISF basket’s axial loads, which are tensile when the ISF basket is being lifted in the 
FPA, and compressive when the shield plug weight bears onto the ISF basket inside the ISF canister. 
Each end of each tie bar segment is threaded or tapped so that each one can be screwed onto the next 
segment of tie bar and thereby clamp the spacer plates into position. The screwed-end connection of the 
tie bars permits the full diameter of the tie bar to be used for carrying the axial loads (as opposed to using 
spacer tubes over a continuous tie bar). This arrangement also provides the required rigidity at the spacer 
plates to withstand buckling loads. 


A base plate is attached to the ends of the four tie bars by special screws, at the lower end of the ISF 
basket directly below the end spacer plate. The fuel tubes and gadolinium phosphate tubes rest on this 
plate. Peach Bottom 2 SNF is shorter than Peach Bottom 1 SNF; therefore, a spacer is placed in the 
bottom of the Peach Bottom 2 ISF basket fuel tube to reduce the fuel support tube cavity length. Peach 
Bottom 1 SNF rests directly on the lower base plate; Peach Bottom 2 SNF rests on this spacer that is in 
contact with the lower base plate. Holes in the base plate, in the spacer, and in the base of the fuel tubes 
ensure that moisture is not trapped in the ISF basket during fuel drying and inerting operations. 


A top plate is clamped above the upper end spacer to trap the fuel tubes within the spacer plates. A 
thermal expansion gap is left between the top of the fuel tubes and the underside of the top plate. The top 
plate is machined to provide a chamfered lead-in to each fuel tube, so that the SNF elements will not snag 
during loading operations. Four securing pins are screwed into the four tie bars to clamp the top plate to 
the ISF basket structure. The securing pins complete the tie bar lifting load path and are machined to 
provide a recess used to attach the ISF basket lid, which will be described later in this section. 


The nominal outside diameter of the Peach Bottom 1 and 2 ISF basket is 16.75 inches. The nominal 
inside diameter of the 18-inch diameter ISF canister is 17.25 inches, but when the combined tolerance 
effects of ISF canister diameter, thickness, ovality, and bow are taken into account, the effective internal 
envelope diameter to accommodate the ISF basket is approximately 16.9 inches, as shown in Table 4.2-5. 
The effect of bow along the length of the Peach Bottom 1 and 2 ISF basket is taken into account and its 
outside diameter is sized to be a clearance fit within the ISF canister internal envelope diameter. 


Peach Bottom Core 1 Fuel (ART) ISF Basket 


The designation ART refers to the attached removal tool (ART) on Peach Bottom core 1 SNF elements. 
These elements were removed from the reactor using an extraction tool that surrounded the element and 
lifted it from underneath with fingers. The outside envelope diameter of the removal tool is nominally 
4.25 inches around the lower pawls and as the removal tool will be stored together with the elements, the 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.2-22 


 


  


ART ISF basket fuel tube must be larger in diameter than the regular Peach Bottom 1 fuel tubes. The 
ART ISF basket fuel tubes are 4.5-inch nominal outside diameter, and expand to a 5.5-inch nominal 
diameter section at the lower end of the tube. The larger diameter section at the base of the fuel tube 
accommodates the larger diameter of the removal tool that houses the element lifting fingers. The larger 
diameter section of the fuel tube provides clearance so that when the canister is transported in a horizontal 
position to a future repository, the SNF element will rest flat on its side and not on the expanded end of 
the removal tool. 


The Peach Bottom 1 ART ISF basket uses the same general configuration as the Peach Bottom 1 and 2 
ISF basket described in the previous section, except that there are only seven fuel element positions. One 
ART element is located in the center of the ISF basket and six are arranged around the periphery. The fuel 
tubes are supported by a total of seven spacer plates that provide the lateral location and support for the 
fuel tubes. At the junction between the 4.5-inch and 5.5-inch fuel tubes, the spacer plate is counter-bored 
from both sides to form a location for each of the two tube sizes. 


In addition to the seven fuel support tubes, three other tubes run the length of the ISF basket. These tubes 
are filled with gadolinium phosphate and are sealed closed. Holes bored through the spacer plates carry 
the gadolinium phosphate tubes in a similar way to the fuel tubes. These tubes and their contents provide 
a long-term neutron absorber capability that is required when the canister is placed in the future 
geological repository. 


Three tie bars around the periphery of the ART ISF basket are used to set the spacing of the spacer plates. 
Three securing pins are screwed into these tie bars, clamping the top plate to the ISF basket structure. The 
securing pins complete the tie bar lifting load path and are machined to provide a recess used to attach the 
ISF basket lid. 


The nominal outside diameter of the Peach Bottom 1 ART ISF basket is 16.75 inches. The nominal inside 
diameter of the 18-inch diameter ISF canister is 17.25 inches, but when the combined tolerance effects of 
ISF canister diameter, thickness, ovality, and bow are taken into account, the effective internal envelope 
diameter to accommodate the ISF basket is approximately 16.9 inches, as shown in Table 4.2-5. The 
effect of bow along the length of the Peach Bottom 1 ART ISF basket is taken into account and its outside 
diameter is sized to be a clearance fit within the ISF canister internal envelope diameter. 


Peach Bottom ISF Basket Lids 


The ISF basket lid assemblies for the Peach Bottom core 1 fuel and core 2 fuel ISF baskets are identical. 
The ART ISF basket lid is similar, except that there are only three tie bars to engage, instead of the four 
on the Peach Bottom 1 and 2. The Peach Bottom ISF basket lid assembly consists of the following 
components: 


• lid 


• lid locking plate 


• lifting pintle 


• lid locking bolt 


Details of the ISF basket lid assembly are shown on Figure 4.2-18. 
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The lid locking plate is captured by the lifting pintle and can rotate around the central boss on the lid 
plate. Four holes (three for ART lid) in the lid plate and lid locking plate align over the top of the securing 
pins. The lid is attached to the securing pins by rotating the locking plate to engage the keyhole slot in the 
locking plate under the recess machined into the pins. The lid locking bolt is located close to the lifting 
pintle and controls the locking plate rotation. When the lid locking bolt is screwed down, the locking plate 
is locked in either “open” or “locked” position. When the lid locking bolt is unscrewed, the locking plate 
can rotate between the open and locked positions. When the locking bolt is unscrewed it protrudes above 
the surface of the lid locking plate and prevents the ISF basket lifting device from engaging the lifting 
pintle. This mechanical interlock prevents attempting to lift the ISF basket unless the ISF basket lid is 
fully closed and locked. It also prevents the ISF basket lid from being removed unless the lid locking 
plate is fully opened and locked open. 


The ISF basket lid is released from the top of the ISF basket by unscrewing the lid locking bolt to release 
the locking plate. The power manipulator system, attached to the FHM, is used to perform this operation, 
which then permits the locking plate to be rotated to its open position. After the lid locking bolt is 
screwed closed, the ISF basket lifting device can engage the lifting pintle and raise the lid clear of the ISF 
basket. Replacement of the ISF basket lid is the reverse of the above sequence. Because the lifting 
features of the ISF basket lifting pintle and the canister shield plug lifting pintle are identical, both 
components are handled by the same lifting device in the FPA. 


Peach Bottom ISF Basket Assembly Materials 


ISF basket assembly materials are stainless steel. Coatings are not used for corrosion protection. Peach 
Bottom ISF baskets are fabricated from the following materials: 


• lid, locking plate, base plate (ART), and top plate (ART) – ASME SA240 316L 


• lifting pintle – ASME SA479 316L 


• spacer plate, base plate, and top plate – ASME SA693 type 630 (17-4 Ph) 


• tie bar, lid securing pin, and special screw – ASME SA564 type 630 (17-4 Ph) 


• fuel tube – ASME SA213 316L 


• gadolinium phosphate container tube – ASME SA213 316L 


• repository neutron absorber material – gadolinium phosphate 


TRIGA ISF Basket 


Two types of TRIGA SNF are to be stored at the ISF Facility. The same ISF basket design is used for 
both, as shown in Figure 4.2-20. Because of the short length of TRIGA SNF, two TRIGA ISF baskets can 
be stacked into a canister, one on top of the other. The lower ISF basket rests on the canister lower impact 
plate, and the upper ISF basket rests on the lid of the lower ISF basket. Spacers on the two ISF baskets 
minimize the axial free space within the canister. 


The TRIGA ISF baskets are designed to be interchangeable with any 18-inch diameter, short ISF canister. 
This is necessary because the ISF canister that transfers the unloaded ISF basket into the FPA is not the 
same canister that brings the loaded ISF basket out of the FPA to the CCA. 
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The TRIGA ISF basket is also a tube-and-spacer-plate design, where the individual fuel elements are 
housed in longitudinal fuel tubes supported by spacer plates. The outside diameters of the spacer plates 
bear against the side of the canister to transmit ISF basket loads to the canister shell under accident 
conditions. 


The TRIGA ISF basket holds 54 elements using 1.75-inch nominal outside diameter fuel support tubes 
that run the length of the ISF basket. Two spacer plates, one at each end of the fuel tube, provide lateral 
location and support for the fuel tubes. The holes for the 54 fuel support tubes are bored through the 
spacer plates to create the tube array within the ISF basket. 


In addition to the 54 fuel tubes, one gadolinium phosphate tube in the center of the spacer plate runs the 
length of the ISF basket. The gadolinium phosphate tube provides long-term neutron absorber capability 
required for future geological repository. This SAR does not take credit for the presence of the 
gadolinium phosphate tube in the interim storage criticality analyses. 


Tie bars are used to set the spacing for the spacer plates similar to the Peach Bottom ISF baskets. A total 
of six tie bars around the periphery of the ISF basket carry the ISF basket’s axial loads. Three of the tie 
bars are configured to carry tensile loads when the ISF basket is being lifted in the FPA. The other three 
tie bars are configured to carry compressive loads when the shield plug and/or upper ISF basket weight 
bears onto the ISF basket. 


A base plate is attached to the ends of the six tie bars at the lower end of the ISF basket, directly below 
the bottom spacer plate. The TRIGA elements, fuel tubes, and gadolinium phosphate tube rest on this 
plate. Holes in the base plate, offset from the center of the fuel tube positions, and holes in the base of the 
fuel tubes ensure that moisture is not trapped in the ISF basket during fuel drying and inerting operations. 
A spacer is attached to the underside of the base plate to occupy the free space in the ISF canister not 
occupied by the two TRIGA ISF baskets and the shield plug. 


A top plate is clamped above the upper spacer plate to trap the fuel tubes within the spacer plates. A 
thermal expansion gap is left between the top of the fuel tubes and the underside of the top plate. The top 
plate is machined to provide a chamfered lead-in to each fuel tube, to eliminate the potential to snag 
during loading operations. Three lid support pins are screwed into the compression tie bars to clamp the 
top plate to the ISF basket structure. The lid support pins form a three-point feature that supports the lid. 
In addition, three lid securing rods thread into the base plate and extend the length of the basket assembly. 
These rods have a machined recess at the top to facilitate the lid locking plate in the same manner as the 
Peach Bottom baskets. 


The nominal outside diameter of the TRIGA ISF basket is 16.85 inches. The nominal inside diameter of 
the 18-inch diameter ISF canister is 17.25 inches, but when the combined tolerance effects of ISF canister 
diameter, thickness, ovality, and bow are taken into account, the effective envelope diameter to 
accommodate the ISF basket is approximately 16.9 inches, as shown in Table 4.2-5. Because the TRIGA 
ISF basket is shorter in length than the Peach Bottom ISF baskets, its outside diameter can be larger than 
the Peach Bottom ISF basket, as the effects of canister and ISF basket bow on the internal canister 
envelope diameter are reduced. The TRIGA ISF basket outside diameter is a clearance fit within the ISF 
canister internal envelope diameter. 
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TRIGA ISF Basket Lids 


The ISF basket lid assembly for the TRIGA fuel ISF baskets consists of the following components: 


• lid 


• lid locking plate 


• lifting pintle 


• lid locking bolt 


The TRIGA ISF basket lid is attached to the three lid securing rods, as shown in Figure 4.2-20. 


The lid locking plate is captured by the lifting pintle and can rotate around the central boss on the lid 
plate. Three holes in the lid plate and lid locking plate align over the top of the securing pins. The lid is 
attached to the securing pins by rotating the locking plate to engage the keyhole slot in the locking plate 
under the recess machined into the pins. The lid locking bolt is located close to the lifting pintle and 
controls the locking plate rotation. When the lid locking bolt is screwed down, the locking plate is locked 
in either “open” or “locked” position. When the lid locking bolt is unscrewed, the locking plate can rotate 
between the open and locked positions. When the locking bolt is unscrewed it protrudes above of the 
surface of the lid locking plate and prevents the ISF basket lifting device from engaging the lifting pintle. 
This mechanical interlock prevents attempting to lift the ISF basket unless the ISF basket lid is fully 
closed and locked. It also prevents the ISF basket lid from being removed unless the lid locking plate is 
fully opened and locked open. 


The ISF basket lid is released from the top of the ISF basket by unscrewing the lid locking bolt to release 
the locking plate. The power manipulator system, attached to the FHM, is used to perform this operation, 
which then permits the locking plate to be rotated to its open position. After the lid locking bolt is 
screwed closed, the ISF basket lifting device can engage the lifting pintle and raise the lid clear of the ISF 
basket. Replacement of the ISF basket lid is the reverse of the above sequence. Because the lifting 
features of the ISF basket lifting pintle and the canister shield plug lifting pintle are identical, both 
components are handled by the same lifting device in the FPA. 


TRIGA ISF Basket Materials 


TRIGA ISF basket materials are stainless steel. Coatings are not used for corrosion protection. The 
TRIGA ISF baskets are fabricated from the following materials: 


• lid, and locking plate – ASME SA240 316L 


• lifting pintle – ASME SA479 316L 


• spacer plate, base plate, and top plate – ASME SA693 type 630 (17-4 Ph) 


• compressive tie bar, lid support pin, and special screw – ASME SA564 type 630 (17-4 Ph) 


• Lid securing rod – ASME SA479 316L 


• fuel tube – ASME SA213 316L 
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• spacer – ASME SA312 316L 


• gadolinium phosphate container tube – ASME SA213 316L 


• repository neutron absorber material – gadolinium phosphate 


Shippingport ISF Baskets 


The ISF Facility will store complete reflector IV and V modules, partially dismantled reflector modules, 
and loose reflector module rods. Type IV and V designations refer to a specific geometric configuration 
of reflector module. Section 3.1.1.3 provides a detailed description of the Shippingport SNF to be stored 
at the ISF Facility. Three ISF basket configurations are required to store the Shippingport SNF: 


• Shippingport reflector IV module ISF basket, shown in Figure 4.2-21 


• Shippingport reflector V module ISF basket, shown in Figure 4.2-22 


• Shippingport reflector rods ISF basket, shown in Figure 4.2-23 


Reflector IV and V Modules ISF Baskets 


The Shippingport reflector modules have low fissile content, and only one complete module can be placed 
in a canister due to size limitations. Therefore, the Shippingport modules do not require structural 
supports within the canister, but guide rails are provided to aid loading the module into the canister. 


The ISF basket for the reflector IV and V modules is built into the ISF canister and is not removed from 
the ISF canister when loading the SNF. These ISF baskets rely on the ISF canister for structural stability. 
Because there is no removable ISF basket structure for the Shippingport reflector modules, a ring is 
welded to the inside of the canister shell to provide a ledge for the shield plug to rest on. This ring carries 
the weight of the shield plug and prevents the shield plug from applying any load onto the reflector 
module. The ring also holds the basket guide bars in position in the canister and maintains the axial and 
angular alignment of the baskets. The internal shapes and materials of the reflector IV and V baskets are 
different, but the principle by which they guide and support the reflector modules is the same. 


The reflector IV ISF basket, shown in Figure 4.2-21, has aluminum extrusions that run the length of the 
canister. These extrusions act as guide rails and provide lateral support for the reflector IV module during 
canister loading and storage. The aluminum extrusions are held in place and positioned by a series of 
stainless steel plates that are screwed into the extrusions. There is no separate lid for the reflector IV ISF 
basket. A load distribution base plate at the bottom of the canister distributes the weight of the reflector 
IV module to the canister lower impact plate. 


The reflector V ISF basket, shown in Figure 4.2-22, has two stainless steel guide angles and one stainless 
steel guide plate that run the length of the canister. These stainless steel members act as guide rails and 
provide lateral support for the reflector V module during canister loading and storage. The three stainless 
steel guide rails are held in place and positioned by stainless steel end plates and two stainless steel 
intermediate plates screwed into the guide rails. In addition, three tie rods with tie rod support tubes 
installed between the end plates provide axial support and spacing for the intermediate plates. There is no 
separate lid for the reflector V ISF basket. A load distribution base plate at the bottom of the canister 
distributes the weight of the reflector V module to the canister lower impact plate. 
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The guide rail assembly for both the reflector IV and V modules is lowered into a 24-inch diameter 
canister on top of the canister lower impact plate. The guide rail assembly is held in place by welding the 
shield plug support ring into the canister shell. This assembly is performed as part of ISF canister 
fabrication and is not done at the ISF Facility. 


The basket guide rails for both the reflector IV and V ISF baskets are configured to locate the reflector 
module nominally central within the canister vertical axis, although the eccentric shape of the module 
means that the loaded canister center of gravity is not on center. The canister center of gravity offset is 
within the limits in the DOE canister specification, and the actual offset is taken into consideration in the 
canister structural calculations. 


Because of the low fissile content of the reflector IV and V modules, they do not require criticality control 
materials to satisfy future repository requirements; therefore, no gadolinium phosphate tubes are 
incorporated into their ISF baskets. Coatings are not used for corrosion protection. 


Reflector IV Modules ISF Basket Materials 


The reflector IV module ISF baskets are fabricated from the following materials: 


• extruded aluminum guide rails – ASTM SB211 alloy 6061 T6 


• spacer plates – ASME SA240 316L 


• machine screws – ASME B18.6.3 type B8M 


• load distribution base plate – ASME SA240 316L and ASME SA312 316L 


Reflector V Module ISF Basket Materials 


The reflector V module ISF baskets are fabricated from the following materials: 


• guide rails – ASME SA240 316L 


• end and intermediate plates – ASME SA240 316L 


• tie rods – ASME SA479 316L 


• tie rod support tubes – ASME SA213 316L 


• machine screws – ASME B18.6.3 type B8M 


• load distribution base plate – ASME SA240 316L and ASME SA312 316L 


Reflector Rod ISF Basket 


A total of 127 loose rods removed from Shippingport reflector modules will be transferred for storage at 
the ISF Facility. A separate ISF basket structure is provided to handle and store these loose rods. This ISF 
basket is handled like the Peach Bottom and TRIGA ISF baskets. The ISF basket is removed from the 
canister for loading in the FPA. After the ISF basket is loaded, the lid is installed and the ISF basket is 
placed inside the ISF canister. The shield plug is placed inside the ISF canister and rests directly on the 
ISF basket. A shield plug support ring is not used for this basket and canister arrangement. 
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The reflector rod ISF basket is a tube-and-spacer-plate design, where the individual reflector rods are 
housed in a longitudinal support tube and the tubes are supported in a number of spacer plates. The 
outside diameters of the spacer plates of the ISF basket bear against the side of the canister to transmit 
ISF basket loads to the canister shell under accident conditions. 


The reflector rod ISF basket holds 127 rods. The fuel tubes are 1.25-inch nominal outside diameter and 
run the length of the ISF basket. A total of six spacer plates along the length of the ISF basket provide 
lateral location and support for the fuel tubes. Because of the low fissile content of the reflector modules, 
gadolinium phosphate tubes are not required to meet future repository requirements. 


Tie bars are used to set the spacing for the spacer plates. There are six tie bars around the periphery of the 
ISF basket to carry the ISF basket’s axial loads, which are tensile when the ISF basket is being lifted in 
the FPA, and compressive when the shield plug weight bears onto the ISF basket. Each end of each tie bar 
segment is threaded or tapped so that each one can be screwed onto the next segment of tie bar and 
thereby clamp the spacer plates in position. The screwed-end connection of the tie bars permits the full 
diameter of the tie bar to carry the axial loads and provides a rigid connection at the spacer plates to 
withstand buckling loads. 


A base plate is attached to the ends of the six tie bars by special screws, at the lower end of the ISF 
basket, directly below the bottom spacer plate. The reflector rods and the fuel support tubes rest on this 
plate. Vent holes are positioned approximately 2 inches above the base of the fuel tubes ensure that 
moisture is not trapped in the ISF basket during fuel drying and inerting operations. 


A top plate is clamped above the end spacer plate to trap the fuel tubes within the spacer plates. A thermal 
expansion gap is left between the top of the fuel tubes and the underside of the top plate. The top plate is 
machined to provide chamfered lead-ins to each fuel tube, so SNF rods will not snag during loading 
operations. Six lid securing pins clamp the top plate to the ISF basket structure, with the securing pins 
threaded onto the six tie bars. The securing pins complete the tie bar lifting load path and are machined 
with a recess at the top to provide a feature that is used to attach the ISF basket lid in a manner similar to 
the Peach Bottom ISF basket lid. 


The nominal outside diameter of the reflector rod ISF basket is 22.50 inches. The nominal inside diameter 
of the 24-inch diameter ISF canister is 23 inches, but when the combined tolerance effects of ISF canister 
diameter, thickness, ovality, and bow are taken into account, the effective envelope diameter to 
accommodate the ISF basket is approximately 22.6 inches, as shown in Table 4.2-5. The effect of bow 
along the length of the reflector rod ISF basket is taken into account and its outside diameter is sized to be 
a clearance fit within the ISF canister internal envelope diameter. 


The reflector rod ISF basket is 117 inches long from the underside of the base plate to the top face of the 
lid locking plate. As this length does not fill the internal cavity length of a 15-foot-long ISF canister; a 
drum-shaped spacer is placed in the ISF canister to occupy the unfilled space. This spacer rests on the 
lower impact plate, and the reflector rod ISF basket rests on the spacer. The canister shield plug rests 
directly on top of the reflector rod ISF basket. 
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Reflector Rod ISF Basket Lid 


The reflector rod ISF basket lid assembly is shown on Figure 4.2-23. The reflector rod ISF basket lid sub-
assembly consists of the following components: 


• lid 


• lid locking plate 


• lifting pintle 


• lid locking bolt 


The lid locking plate is captured by the lifting pintle and can rotate around the central boss on the lid 
plate. Six holes in the lid plate and lid locking plate align over the securing pins. The lid is attached to the 
securing pins by rotating the locking plate to engage the keyhole slot in the locking plate under the recess 
machined into the pins. The lid locking bolt is located close to the lifting pintle and controls the locking 
plate rotation. When the lid locking bolt is screwed home, the locking plate is locked in either open or 
locked position. When the lid locking bolt is unscrewed, the locking plate can rotate between the open 
and locked positions. When the locking bolt is unscrewed it protrudes above of the surface of the lid 
locking plate and prevents the ISF basket lifting device from engaging the lifting pintle. This mechanical 
interlock prevents attempting to lift the ISF basket unless the ISF basket lid is fully closed and locked. It 
also prevents the ISF basket lid from being removed unless the lid locking plate is fully opened and 
locked open. 


The ISF basket lid is released from the top of the ISF basket by unscrewing the lid locking bolt to release 
the locking plate. The power manipulator system, attached to the FHM, is used to perform this operation, 
which then permits the locking plate to be rotated to its open position. After the lid locking bolt is 
screwed closed, the ISF basket lifting device can engage the lifting pintle and raise the lid clear of the ISF 
basket. Replacing the ISF basket lid is the reverse of the above sequence. Because the lifting features of 
the ISF basket lifting pintle and the canister shield plug lifting pintle are identical, both components are 
handled by the same lifting device in the FPA. 


Reflector Rod ISF Basket Materials 


Reflector rod ISF basket materials are stainless steel. Coatings are not used for corrosion protection. The 
reflector rod ISF baskets are fabricated from the following materials: 


• lid, and locking plate – ASME SA240 316L 


• lifting pintle – ASME SA479 316L 


• tie bar, lid securing pin, and special screw – ASME SA564 type 630 (17-4 Ph) 


• spacer plate, base plate, and top plate – ASME SA693 type 630 (17-4 Ph) 


• fuel tubes – ASME SA213 316L 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.2-30 


 


  


4.2.3.3 Design Bases and Safety Assurance 


The design codes for the individual storage structures and components are provided in Section 4.2.1. The 
storage structures and components are designed for safe storage of SNF at ISF Facility for an interim 
period up to forty years. They are designed to survive normal, off-normal, and postulated accident 
conditions with no significant radiological consequences to workers or the public. The storage structures 
and components are designed and fabricated in accordance with recognized codes and standards that 
provide acceptable safety margins. 


Design features incorporated into the ISF Facility to provide safe interim storage include: 


• leak-tight welds on the canister and storage tube assembly 


• redundant metallic seals on the storage tube assembly 


• inert (helium) gas atmosphere prevents fuel and canister degradation 


• thick shield plugs and walls to minimize radiation exposure to public and site personnel 


• design of canister and canister internals to withstand normal, off-normal, and accident conditions 
during storage and handling operations 


• design of storage vault and charge face to protect the canister and storage tube assembly from 
postulated environmental events 


Methods used to minimize personnel radiation exposure during ISF operations are discussed in Chapter 7. 
Design features to maintain subcritical conditions for normal operations and credible accident scenarios 
are discussed in Section 4.2.3.3.7. 


The ISF canisters and canister internals are classified ITS to ensure that criticality safety of the SNF is 
maintained during normal, off-normal, and accident conditions. The exceptions are the Shippingport 
Reflector IV basket and Reflector V basket that are classified NITS as the Reflector modules do not 
require criticality control features within the ISF canister. The design codes for the canister, ISF basket, 
and internal shield plug are described in Section 4.2.1. The design criteria for these components are 
specified in Chapter 3. 


The analysis of the ISF canisters and canister internals addresses areas within the ISF Facility where ISF 
canisters are handled and stored. These areas are the Transfer Area, Transfer Tunnel, CHM, and storage 
tube assemblies. 


4.2.3.3.1 ISF Canister Structural Evaluation 


Design Loads 


The following summarizes the loads and conditions used in the canister structural and thermal analysis. 
Further details of the design criteria for the canister assemblies are in Chapter 3. 
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Design Loadings. The design loadings (established in accordance with ASME Code Section 
NCA-2142.1) for the ISF canisters are as follows: 


• The Design Pressure (as defined in NCA-2142.1) is the maximum difference in pressure between 
the inside and outside of the canister under the most severe loading for which the Level A Service 
Limits are applicable. For the ISF canisters the internal design pressure has conservatively been 
set to 50 psig, which envelopes the normal, off-normal, and accident internal pressure loadings by 
a large margin. The vacuum drying process subjects the canister to an external pressure. For the 
structural evaluation of the canisters, a full vacuum at 14.7 psi (at mean sea level) inside the 
canister has been assumed. 


• The Design Temperature (as defined in NCA-2142.1) is the expected maximum mean 
temperature through the wall thickness of the canister for which Level A Service Limits are 
specified. Although the maximum Level A temperature during storage inside the storage tubes is 
not expected to exceed 129°F, the design temperature for the ISF canisters has been 
conservatively set to 650°F. 


• The Design Mechanical Loading is the dead weight of the canister and its internals under 1g 
gravitational loading with the canister standing vertical. 


Normal Service Temperatures. The minimum and maximum service temperatures for the ISF canisters 
have been determined from thermal analyses of a combined model of the canister and storage tube with 
appropriate SNF heat generation rate and the maximum and minimum temperatures of air entering 
through the storage vault inlet air vents. Although the minimum and maximum normal air temperatures 
are –26° F and 98° F, respectively, the off-normal minimum (-40° F) and maximum (101° F) have been 
used in the thermal calculation. 


Normal Service Pressures. The canister internal pressure resulting from the initial volume of helium 
used as cover gas, the volume of fill gas in the fuel rods, out-gassing of fuel, the number of ruptured fuel 
rods, and temperature have been considered. NUREG-1536 (Ref. 4-13) requires that 1 percent of the fuel 
rods are assumed to have failed to calculate internal pressure. The initial fill pressure is nominally 6 to 
7 psig. No significant increase in pressure results from the 1 percent failed fuel rods. For the structural 
evaluation for the normal condition, 50 psig internal pressure (design pressure) is conservatively used. 
The canister is subjected to external pressure during vacuum drying. As stated above, full vacuum has 
been conservatively assumed; this condition is treated under Design Loading. The ASME Code, Section 
III, Division 1, Subsection NB methodology is used to verify that the canister is capable of withstanding 
this external pressure. 


Operating Loads. The canisters are designed to withstand the static loads due to their own self-weight 
and the weight of internal components (e.g., basket, spent fuel, shield plug, and impact plates). The 
weights of vacuum drying and seal welding equipment attached to the upper dome have also been 
considered. The weights considered are the maximum canister weights in Table 4.2-6. The center of 
gravity (CG), in all cases except Module IV and Module V canisters, lies on the canister centerline. The 
Module IV basket CG has a radial offset of 0.9-inch and Module V has a radial offset of 1.06-inch. 
Canisters are oriented vertically during interim storage. 
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Only the heaviest canisters have been evaluated for structural adequacy. Thus, the 18-inch diameter, long 
canister is evaluated for the Peach Bottom 1 fuel, 18-inch diameter, short canister for the TRIGA fuel, and 
24-inch diameter, long canister for the Shippingport Module IV fuel. 


Lifting Loads. For the vertical lifts of the fully loaded canisters, the dead weight loads have been 
increased by 15 percent to include dynamic effects from lifting operations, as recommended by 
CMAA 70. The ISF canister lifting rings and the impact absorbers meet the requirements of ANSI N14.6 
as applicable to a critical load. 


Thermal Loads. Structural analyses have been performed using the normal service temperatures 
calculated as discussed above. The canister and basket materials have identical coefficients of thermal 
expansion and the canister and its internals are free to expand; therefore, the thermal stresses resulting 
from the normal service temperatures are insignificant. 


Off-Normal Service Temperature and Pressure. Thermal analyses have been performed to determine 
the off-normal canister temperatures and pressures due to a partial vent blockage and failure of 10 percent 
of the fuel rods. The 10 percent fuel failure is combined with off-normal temperatures. The difference 
between normal and off-normal conditions is not significant. Conservatively, 50 psig (design pressure) is 
used as off-normal pressure for the structural evaluation. Note that the normal service temperatures are 
calculated using off-normal environmental temperatures. Therefore, off-normal thermal loading 
considered is due to partial vent blockage only. The thermal stresses resulting from this off-normal event 
are also negligible for the reasons stated above. 


Drop Accidents. The following drop scenarios are considered to determine the critical drop that must be 
evaluated: 


• Spent-fuel loaded canister stays in a vertical position inside the canister cask on the canister 
trolley until the final closure weld is made and it is vacuum dried and filled with helium after the 
leak test and weld inspections are completed in the CCA. The jacks in the canister cask lift the 
canister approximately 3 feet to perform these operations. The jacks are designed to be single-
failure-proof and to ANSI N14.6 requirements (Ref. 4-14). Therefore, a drop event is not 
considered credible. 


• Upon completion of the final closure weld and the other operations in the CCA, the canister is 
brought into the Storage Area. The CHM, which has a single-failure-proof hoisting system, lifts 
the canister into the Storage Area, then positions it over a pre-selected storage module and lowers 
it into the storage tube. Because a single-failure-proof lifting device performs these operations, a 
drop event is not considered credible. The following non-mechanistic drops can be considered: 


a) The canister drops back into the canister cask on the canister trolley 


b) The canister drops onto the charge face in the storage area 


c) The canister drops into the storage tube 


The last case is the critical case that has the maximum drop height; it has been considered as a non-
mechanistic drop in the canister and storage tube structural analysis. 
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Seismic Loads. The seismic analyses of the ISF Canisters utilize equivalent static acceleration loads that 
are based on the guidance provided by NUREG-0800, Section 3.7.2. The response spectrum analysis 
methodology was not considered as an option because nonlinear contact effects cannot be included in a 
linear analysis. 


As discussed below under Structural Analysis, the ANSYS models used for structural analyses include 
the gaps between the Basket and Canister, Canister and Storage Tube, and between Storage Tube and the 
Storage Tube lateral supports. The nonlinear effects of the gaps are thus considered by allowing the 
Basket to slide inside the Canister and the Canister inside the Storage Tube. 


A modal analysis was performed to determine the modal frequencies of the system to establish 
conservative values of seismic accelerations to be used in the structural evaluation of the ISF Canisters 
and Storage Tubes under earthquake-induced loading using equivalent static analysis methodology. 


• Horizontal Seismic Acceleration. The dominant horizontal mode for the Peach Bottom, TRIGA, 
and Shippingport canisters lies between 0.37 and 0.57 Hz. The effective mass in this mode is over 
95% of the total mass. The effective mass and modal participation factor for other modes are 
negligibly small. At these low frequencies, the horizontal acceleration (from 4% damping spectra, 
SAR Figures 3.2-44 and 3.2-45) is less than 0.25 g. 


For a cylindrical structure, only the most intense lateral loading needs to be considered because at 
the locations of the maximum stress due to one horizontal shaking, the effects of the shaking in 
the second horizontal direction (normal to the first one) are minimal. However, the horizontal 
acceleration considered in the seismic evaluation of the canisters and storage tubes has been 
conservatively calculated using the SRSS combination of 150% of peaks of the two horizontal 
spectra. The resulting acceleration was further amplified by a factor of 1.10. Thus, a 4.13-g 
acceleration was applied, although the peak of the most intense spectra is 2.21 g. This results in 
an amplification by a factor of 1.87 based on the peak acceleration and by a factor of 16.52 based 
on the acceleration at the dominant frequency. It may be noted that Section 3.7.2, II(1)(b) of 
NUREG-0800 requires that a factor of 1.5 is applied to the peak acceleration of the applicable 
floor response spectrum. 


• Vertical Seismic Acceleration. In the vertical direction, the dominant frequency varies between 
67.8 to 110.9 Hz, indicating that the Canister and Storage Tube behave in a rigid mode. 
Therefore, the zero period acceleration (ZPA) may be applied in the vertical direction. The actual 
value used in the seismic analyses is 0.32 g, which is the vertical ZPA further amplified by a 
factor of 1.10. 


• Combined Seismic Response. The structural responses to horizontal and vertical seismic 
accelerations are combined by the SRSS method. 
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Accident Pressure and Temperature. The accident condition temperatures and pressures have been 
calculated using the following guidelines from NUREG-1536: 


• 100 percent of the fuel rods are assumed to have failed. 


• 100 percent of the initial rod fill gases and a release of 30 percent of the fission product gases into 
the canister are assumed for pressure calculation. 


• The storage vault air inlet vents and the air outlet vents around the storage tubes are assumed to 
be 50 percent blocked. 


No significant differences between normal, off-normal and accident conditions are found. The 50 psig 
design pressure envelops the identified conditions and has been used for structural evaluations. 


Load Combinations 


The canister pressure boundary is evaluated using the acceptance criteria of ASME Code, Section III, 
Subsection NB. The normal condition loadings are considered as those required to satisfy Level A service 
limits. The off-normal and accident condition loadings are evaluated against Level B and Level D service 
limits, respectively. Table 4.2-7 defines the loading combinations, for the pressure-retaining portions of 
the canister that have been used in the stress analyses, to ensure conformance with appropriate ASME 
code requirements. The thermal stresses resulting from the accident thermal condition are considered 
secondary stresses that have no limit prescribed by the ASME Code under Level D. As permitted by the 
ASME code and because there are no structural components in the canister assembly that can fail due to 
thermal loading, these stresses are not combined with the primary stresses. 


Allowable Loads and Stresses 


For design and service conditions the stresses within the canister pressure boundary must comply with 
ASME III, Division 1, Subsection NB stress limits. The allowable stress intensities for each of the Service 
Levels are calculated using the criteria listed in Table 4.2-8, and the material mechanical properties for 
each of the ISF canister materials are provided in Table 4.2-9. 


The allowable stress limits for the canister materials are detailed in Table 4.2-10. In accordance with the 
Code Case N595-2 requirement, allowable stress intensities for the final closure weld are reduced by a 
factor of 0.70, although the weld examination will be performed by both ultrasonic and liquid penetrant 
methods. 


Structural Analysis 


The ISF canister pressure boundary is designed and built in accordance with ASME Boiler and Pressure 
Vessel Code, Section III, Division 1, Subsection NB. The Code jurisdictional boundary includes the 
cylindrical shell, the top and bottom heads, and the weld at each end between the impact absorber and the 
head. In accordance with NB-1132, the canister internals such as retaining rings for impact plates and 
shield plug, impact plates, shield plug, and basket are considered non-pressure-retaining components. The 
structural characteristics of these attachments have been considered in the canister structural evaluation. 
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The lifting ring and impact absorbers have been analyzed to evaluate their compliance with ANSI N14.6 
structural requirements. An ANSYS (Ref. 4-15) finite-element stress analysis was performed to 
demonstrate structural adequacy and code compliance for applicable loading conditions postulated to 
occur at the ISF Facility during interim storage of the spent fuel loaded canisters. 


The ANSYS finite element model included the canister, the canister internals and the storage tube 
modeled with 3 dimensional solid elements. Figure 4.2-24 shows the finite element model of the canister 
assembly. The gap between the inside surface of the storage tube and the outside surface of the canister 
was represented by node to node contact elements to allow prediction of any canister tip-over during 
lateral seismic loading. The canister is free standing inside the storage tube and the contact elements 
between the top of the storage tube bottom plate and the canister bottom allow any uplift and tip-over of 
the canister but support it under vertically downward loading. The impact plates were modeled by solid 
elements with surface to surface contact elements representing the contact surfaces between the canister 
domed head and the impact plate. The baskets were modeled using radial and vertical beam elements and 
lumped masses. A small gap between the radial beam and the inner surface of the canister allowed the 
basket to slide under lateral loading. The shield plug was also modeled as a lumped mass positioned at the 
top of the basket, except for the Shippingport reflector IV and V module ISF canisters. For these 
canisters, both the shield plug and the support ring are also modeled using solid elements. 


For the non-mechanistic drop of a canister into a storage tube, an elastic-plastic analysis of the canister 
was performed to assess the change in geometry and to obtain the stress/strain response. The drop 
analysis was performed using LS-DYNA (Ref. 4-16) with the previous ANSYS model modified to 
generate a quarter model sufficient to analyze this case. As a consequence of the drop, the lower impact 
absorber, lower dome, lower lifting ring and a portion of the storage tube undergo plastic deformation. 
The elastic-plastic analysis was based on the kinematic hardening material model and the bilinear stress-
strain behavior of the component materials. 


Summary of Results 


The calculated stresses for the canister pressure boundary components and the design margins are detailed 
in Table 4.2-11. This shows each of the canister types with respect to the service level loadings. Design 
margin is defined as the ASME code allowable stress divided by the actual calculated stress, minus one. 
A net positive design margin is required to demonstrate compliance to the code stress allowables. 


Canister Lifting Ring and Impact Absorber 


The canister lifting ring and impact absorber have been designed as a single load path for lifting a critical 
load. A dynamic factor of 1.15 has been applied to the canister weight and the maximum tensile stress and 
combined shear stresses are limited to ANSI N14.6 acceptance criteria (one-sixth of yield strength or one-
tenth of ultimate tensile stress, whichever is lower). 


To analyze the canister lifting ring and impact absorber extensions, a 1/16 ANSYS finite element model 
was constructed because the grapples have eight lifting jaws. The vertical load was applied as a pressure 
load on the lifting ring over an area equal to half of a grapple jaw contact area because of the symmetry of 
the applied load. The allowable stress and the design margin for these components are provided in the 
Table 4.2-12. 
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4.2.3.3.2 ISF Canister Internals Structural Evaluation 


Design Loads 


The following summarizes the loads and conditions used in the ISF basket structural and thermal analysis. 
Further details of the design criteria for the ISF basket assemblies are in Chapter 3. 


Design Loadings. The design loadings established in accordance with ASME Code, Section NCA-2142.1 
for the ISF baskets are as follows: 


• Design pressure = 0 psig. Although the basket is contained within a pressurized container (i.e., 
the canister) it is a vented structure so there are no pressure loads on any structural members. 


• Design temperature range = -40°F to +650°F. 


• Design mechanical loading = dead weight under 1g gravitational loading (with the basket resting 
on its base). 


Normal Service Temperatures. The minimum and maximum service temperatures for the ISF basket 
assemblies have been determined from thermal analyses of a combined model of the canister and basket 
with appropriate SNF heat generation rate and the storage vault air inlet minimum and maximum normal 
temperatures. The structural analysis of the ISF baskets was performed using bounding maximum 
temperatures of 400°F and 260°F; the thermal analysis has shown that the actual basket temperatures are 
encompassed by these values. 


Operating Loads. The baskets are designed to withstand the static loads due to the basket self weight, the 
fuel weight, and the shield plug weight. The baskets are oriented vertically during interim storage at the 
ISF Facility. 


Lifting Loads. For the vertical lifts of the fully loaded baskets, the dead weight loads have been increased 
by 15 percent to include dynamic effects from lifting operations, as recommended by CMAA 70. The ISF 
basket lifting device has been designed in accordance with ANSI N14.6. 


Thermal Loads. Thermal loads and stresses resulting from the temperature gradients derived from the 
vault thermal analysis have been calculated and used in the structural analysis. 


Off-Normal Service Temperature. Thermal analyses have been performed to determine the off-normal 
ISF basket temperatures due to a partial vent blockage and failure of 10 percent of the fuel rods. These 
service temperatures are below the bounding temperature of 400°F used in the structural analysis. 


Seismic Loads. As a bounding condition the seismic design and analysis of the ISF baskets have been 
evaluated using an equivalent-static design acceleration of ±10g. This acceleration has been applied 
equally in all three orthogonal directions and was selected to conservatively bound the seismic 
accelerations of the Storage Area vault floors and charge face structure. The actual peak accelerations on 
the canister and basket from the ISF storage tube seismic analysis are 4.13g horizontal and 0.32g vertical. 
The actual peak accelerations on the canister and basket from the CHM seismic analysis are 0.60g 
horizontal and 3.56g vertical. 
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In the specific case where the basket is suspended by a lifting device engaged with its lifting pintle (i.e., in 
the FPA), the basket is free to swing and, therefore, isolated from the horizontal components of the 
seismic excitation. The FHM design precludes slack rope conditions during a seismic event. 


Load Combinations 


Table 4.2-13 defines the loading combinations for the ISF baskets classified ITS that have been used in 
the stress analyses to ensure conformance with appropriate ASME Code requirements. The basket is 
normally vertically oriented during handling, loading, and storage operations. 


The thermal accident condition could be assessed to Level D Service Limits, but because the thermal 
stresses are similar to the thermal off-normal case, the accident condition has been conservatively 
assessed against Level B limits. 


Allowable Loads and Stresses 


For design and service conditions, the stresses in basket components are less than ASME III Division 1, 
Subsection NG stress limits. In addition, for linear-type basket components where buckling is a possible 
mode of failure, the requirements of NUREG/CR-6322 are satisfied (Ref. 4-17). 


The lifting path of the baskets has been designed as a single load path for lifting a critical load. A 
dynamic factor of 1.15 has been applied to the basket weight and the maximum tensile stress and 
combined shear stresses are limited to ANSI N14.6 acceptance criteria (one-sixth of yield strength or one-
tenth of ultimate tensile stress, whichever is lower). 


Table 4.2-14 provides the allowable material stresses for the primary components of the ISF basket 
assembly. These allowable material stresses are based on material properties obtained from the ASME 
Code and are provided in Table 4.2-15. 


Structural Analysis 


Because the spent fuel baskets are tube-and-spacer-plate design, the structural analysis is based on a 
common approach. 


Description of Analyses. Structural analysis has been carried out by two methods: 


• finite element analysis using ANSYS software 


• hand calculation methods 


The approach has been to decouple the mechanical loadings from the thermal loadings, with separate 
calculations prepared for each. The stresses are then combined as necessary as part of the ASME stress 
assessment. In practice the thermal stresses are low and are of secondary importance in the assessment. 
This has allowed the stress assessment process to be simplified. 


The following sections summarize the main steps in the assessment and provide a basic description of the 
methods and analytical models used. Full details of the methods used in the structural assessment of the 
basket are given in the individual component calculations. 
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Analysis of Mechanical Loadings. The most severe mechanical loadings for the baskets, both in 
absolute terms and in relation to the allowable stresses, arise from the seismic cases where triaxial 
accelerations of 10g are assumed to apply. The remaining mechanical load cases involve only 
unidirectional loading effects (i.e., gravity). Therefore, analysis of the basket structure is primarily 
concerned with the seismic cases, and stresses for the dead weight cases are derived from simple factoring 
of the results determined for the 10g vertical component of seismic acceleration (with the basket resting 
on its base). 


For the lifting case the load-path through the basket differs from that associated with the dead weight and 
the seismic loads. Therefore, a separate analysis has been performed to address this condition. 


It has been possible to analyze the structure of the tube-and-spacer-plate design of baskets using a 
combination of several relatively small-scale finite element models and hand calculations. It has not been 
necessary to create a whole-basket structural analysis model, because each component (spacer plates, 
support tubes, and tie-bars) can be treated separately. 


For the seismic analysis the equivalent-static method is used. This is a simple method that applies the 
specified accelerations of 10g as separate static loads in the north-south, east-west, and vertical directions 
and then combines the results from each direction. This is then added to the dead weight. 


The usual method of combining the seismic directional results takes into account phasing of the 
earthquake directional excitations, typically by using the square root sum of the squares method (SRSS). 
These procedures recognize that the maximum north-south ground motion does not arise at the same time 
as the maximum east-west and vertical ground motions. Therefore, by assuming the peak acceleration 
applies in each direction concurrently, an additional conservatism has been built into the basket design to 
simplify processing of the seismic results. This approach was adopted with the prior knowledge that the 
basket structure is capable of withstanding far greater loads than those that arise during the design basis 
seismic event. 


To understand the seismic assessment approach it is important to know that most of the total seismic 
stress for certain basket components arises from the horizontal seismic accelerations and for the others the 
vertical accelerations dominate. For instance, the horizontal loads constitute the principal loading for the 
spacer plates and the support tubes, whereas the principal loading for the tie bars and basket lid results 
from the vertical seismic acceleration. 


This has allowed some simplification of the analysis by permitting decoupling of the load components 
despite the potentially non-linear nature of some of the analysis, which involves modeling of contact 
surfaces. However, where tie-bar buckling is addressed it has been necessary to consider loading in all 
directions concurrently when applying the requirements of NUREG/CR-6322. 


Evaluation of the Basket Spacer Plates. To establish the loads imposed on the spacer plates by the 
support tubes, gadolinium tubes, and the tie bars during a horizontal seismic event, ANSYS beam element 
models of the individual components were used. Each beam model was supported by the appropriate 
number of spacer plates and subjected to an evenly distributed load multiplied by the resultant seismic 
acceleration. 
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The reaction loads at the spacer plate supports were input to an ANSYS finite element model of the 
spacer plate along with a 2-inch length section of the canister wall constructed from 2-dimensional 
structural solid elements. 


Contact surfaces were defined between the spacer plate and the canister and between the canister and a 
rigid surface representing the surrounding structural boundary of the CHM turret inner bore or storage 
tube. The reaction forces from the beam element models were applied together with a resultant horizontal 
seismic inertia body loading to the spacer plate and canister model. The reaction loads were 
conservatively applied as point loads rather than distributed loads. 


The baskets have some degree of symmetry. Therefore, repeat elastic static analyses with different contact 
angles between the spacer plate and canister, over a segment of the plate, were performed to obtain the 
worst basket orientation in terms of stress intensity developed within the spacer plate. 


A calculation assessed in-plane buckling failure of the spacer plate ligament between the support tube 
positions. Elastic buckling stress was compared to the material yield strength and a margin was calculated 
against the onset of plastic buckling on the basis that plastic buckling could not occur at yield stress. 


The stress generated in the spacer plates from the 11g vertical acceleration (i.e., 10g seismic plus 1g due 
to gravity) was calculated by modification of the ANSYS model that was used to assess the horizontal 
impact case. The spacer plate is supported at the tie bar positions, and the 11g acting on the self-weight of 
the plate generates the load. For the combined seismic loads, vertical, horizontal and gravity, 
superposition of the individual stresses was used to calculate the resultant stresses in the spacer plate. 


Evaluation of the Base Plate and Lid. Comparing the base plate and lid to the basket spacer plate shows 
that the horizontal seismic loading on the spacer plate exceeds that on the lid and base plate due to the 
loads transferred from the support tubes, tie bars, etc. The base plate and lid have to support their own 
inertia loadings only, and having only small vent holes makes them inherently stronger. Therefore, the 
base plate and lid are not assessed for horizontal seismic loading. 


A finite element model of the lid was generated to establish the stresses in the lid during the 11g vertical 
seismic event including inertia loads imposed by the shield plug supported above the basket. The lid is 
supported at the tie bar positions. The loads acting on the lid for a vertical acceleration produce a bending 
effect that is not evident in the base plate, which is in direct compression only. Hence the bending stresses 
calculated for the lid will bound those arising in the base plate.  


Evaluation of Fuel Support Tubes and Gadolinium Phosphate Tubes. To establish the loads imposed 
on the tubes during the horizontal seismic loads both types were modeled as shell elements in an ANSYS 
finite element model. Rigid supports were defined to represent the interaction between the tubes and 
spacer plates. Contact surfaces were defined at each support location to allow accurate representation of 
the interaction between the tubes and the bores of the spacer plate through holes. 


The contents of the tubes (i.e., the fuel or gadolinium phosphate) were assumed to have no structural 
stiffness of their own. Therefore, the tube is required to support the inertia of its contents, applied as a 
uniformly distributed load, as well as its own inertia resulting from the seismic inertia loading. This is a 
conservative assumption for the fuel support tube where the fuel will have a significant bending stiffness. 
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Elastic static analyses were conducted to determine maximum stress intensity values in the tubes for use 
in the stress assessment. In addition, the possibility of buckling as a result of compressive stresses 
developed in the thin shell of the tube was considered by the use of ANSYS elastic/plastic large-
deflection analyses. In this analysis conservative bilinear material properties were specified for the tube 
material. This analysis established a margin on the critical buckling load. The buckling analysis did not 
consider the concurrent vertical seismic loading as this is expected to have only a minor influence on 
behavior of the tubes. This approach is further justified on the basis of the extremely high margin 
established against plastic buckling when subjected to the dominant horizontal seismic loading. 


Calculations determined the compressive stress induced in the tubes generated by the 11g vertical 
acceleration acting on the tube mass. The fuel and gadolinium phosphate are assumed to impose loading 
through the base of the basket only. Because the calculated stresses were low it was possible to 
demonstrate an adequate design by use of a general design rule provided by ASME, Section III, Div. 1, 
sub-section NG-3133.6. This clause defines a method for determining the maximum allowable 
compressive stress to be used in the design of cylindrical shells and tubular products subjected to axial 
compression. 


This is a conservative approach, as the stress generated from a Level D type loading has been compared 
with an allowable stress defined for a normal design loading. For the combined seismic loads (vertical, 
horizontal and gravity), superposition of the individual stresses was used to calculate the resultant stresses 
in the fuel support tubes and the gadolinium phosphate tubes. 


Evaluation of the Tie Bar. The stresses developed in the tie-bars due to the horizontal seismic loading 
can be adequately determined from the beam element model that was used to calculate reaction loads 
imposed by the tie bars on the spacer plates. For the tie bars the stress and buckling analysis is performed 
in accordance with NUREG/CR-6322 under a combination of the vertical and horizontal seismic 
accelerations plus dead weight. The directional seismic loads are not decoupled for this assessment 
because the horizontal load has the potential to reduce the critical buckling load under axial compression. 


Margin on the critical buckling load was demonstrated using the calculation methods in 
NUREG/CR-6322, which limits actual compressive load to less than two-thirds of the critical buckling 
load. Two buckling calculations were performed. The first considers the buckling of an individual tie bar 
between spacer plates. The allowable compressive load (with concurrent lateral loading) was based on the 
radius of gyration of the individual tie bar, an effective length factor of 1.2 (based on the end conditions 
factor provided in NUREG/CR-6322) and the material elastic modulus and yield strength. 


The second buckling calculation (not a requirement of NUREG/CR-6322 but presented as additional 
supporting evidence) considers the basket as a composite structure. The unbraced length of the basket was 
taken as the full basket length. The allowable compressive load was based on the radius of gyration of the 
tie bars acting as a group, an effective length factor of 2.1 (based on the end conditions factor provided in 
NUREG/CR-6322) and the material elastic modulus and yield strength. 


Note that the tie bars are assumed to take loads from the spacer plates, tie bars, lid, and shield plug. The 
tubes and fuel will apply load directly through the base (or lid) and not through the tie bars. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.2-41 


 


  


Evaluation of Lifting Load Path Items. The stresses in the lifting load path have been determined by a 
combination of hand calculation methods and ANSYS finite element analysis and are compared against 
the requirements of ANSI N14.6. The lifting load path extends down from the lifting pintle (onto which 
the basket lifting device engages) through the locking plate and lifting pins and into the tie bars. The tie 
bars connect with the base of the basket, through which the weight of the fuel assemblies, fuel support 
tubes, and gadolinium phosphate tubes are carried. 


Summary of Results 


Stresses caused by mechanical loads are treated as primary stresses and are therefore compared with the 
ASME primary stress limits where appropriate. As can be seen from the thermal stress results in 
Section 4.2.3.3.6 the secondary stresses are low and can be ignored in the ASME stress assessment. 


Also note that the peak stress component of the total stress is not relevant in this assessment, as peak 
stress is only evaluated in a fatigue analysis. This is not necessary because during storage, the basket 
structure will not experience significant cyclic stresses other than during seismic events that are 
infrequent and are of short duration involving relatively few stress cycles. 


The following tables identify the primary stress results for the four basket types: 


• Peach Bottom 1 and 2 


• Peach Bottom 1 ART 


• TRIGA 


• Shippingport reflector rod 


Peach Bottom 1 and 2 Baskets 


Component Structural Stress Results. The structural stress results for each basket component for the 
Peach Bottom 1 and 2 baskets are summarized in the following tables. The tables compare the calculated 
stresses against the code allowable stresses. The safety margin in the design is expressed as a Factor of 
Safety (FOS) against ASME code requirements. FOS is defined as ASME code-allowable stress divided 
by calculated stress (or capacity divided by demand). Therefore, FOS values greater than 1.0 are required 
to demonstrate compliance to the code stress requirements. 


Tie Bars. Refer to Table 4.2-16, Peach Bottom ISF Basket – Tie Bar Stress Results. In addition to the 
assessment of the individual tie bars, a buckling check has been carried out for the basket structure as a 
whole. For the most severe case, the seismic case, the FOS for the whole basket is calculated at 24.5 
against overall buckling. 


Spacer Plates. Refer to Table 4.2-17, Peach Bottom ISF Basket – Spacer Plate Stress Results. 


Fuel Support Tubes. Refer to Table 4.2-18, Peach Bottom ISF Basket – Fuel Support Tube Stress 
Results. 


Gadolinium Phosphate Storage Tube. Refer to Table 4.2-19, Peach Bottom ISF Basket – Gadolinium 
Phosphate Storage Tube Stress Results. 
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Basket Lid. Refer to Table 4.2-20, Peach Bottom ISF Basket – Basket Lid Stress Results. 


Top Plate. No significant membrane or bending stresses are imposed on the top plate, as this plate is well 
supported by the lid and top spacer plate. Bearing stress at the contact area with the lid support pins and 
shear stress caused by the fuel tubes during vertical seismic accelerations are summarized below. 


Bearing stress during normal storage is 26.53 ksi; comparing this with the allowable stress of 47.25 ksi 
provides a FOS of 1.78. Shear stress resulting from vertical seismic loads is 0.077 ksi; comparing this 
with an allowable of 26.02 ksi provides a FOS of 340. 


Base Plate. The principal load case for the base plate is during lifting and the results from this analysis 
are included with the load path items below. During normal operation and the seismic load case the base 
plate stresses are bounded by the spacer plate results. 


Other Lifting Load Path Items. Refer to Table 4.2-21, Peach Bottom ISF Basket – Load Path Items 
Stress Results. The lifting load path items are analyzed to the reduced stress limits of ANSI 14.6 with a 
dynamic factor of 1.15 applied to the masses. 


Peach Bottom 1 ART Baskets 


Component Structural Stress Results. The structural stress results for each basket component for the 
Peach Bottom 1 ART baskets are summarized in the following tables. The tables compare the calculated 
stresses against the code allowable stresses. The safety margin in the design is expressed as a FOS against 
ASME code requirements. FOS is defined as ASME code-allowable stress divided by calculated stress (or 
capacity divided by demand). Therefore, FOS greater than 1.0 are required to demonstrate compliance to 
code stress requirements. 


Tie Bars. Refer to Table 4.2-22, Peach Bottom ART ISF Basket – Tie Bar Stress Results. In addition to 
the assessment of the individual tie-bars, a buckling check has been carried out for the basket structure as 
a whole. For the most severe case, the seismic case, the FOS is calculated at 19.4 against overall buckling. 


Spacer Plates. Refer to Table 4.2-23, Peach Bottom ART ISF Basket – 316L Spacer Plate Stress Results, 
for the stresses in the end spacer plates and Table 4.2-24, Peach Bottom ART ISF Basket – 17-4 Ph 
Spacer Plate Stress Results, for the stresses in the central spacer plates. 


Fuel Support Tubes. Refer to Table 4.2-25, Peach Bottom ART ISF Basket – Fuel Support Tube Stress 
Results. 


Gadolinium Phosphate Storage Tube. Refer to Table 4.2-26, Peach Bottom ART ISF Basket – 
Gadolinium Phosphate Storage Tube Stress Results. 


Basket Lid. Refer to Table 4.2-27, Peach Bottom ART ISF Basket – Basket Lid Stress Results. 


Top Plate. No significant membrane or bending stresses are imposed on the top plate, as this plate is well 
supported by the lid and top spacer plate. Bearing stress at the contact area with the lid support pins and 
shear stress caused by the fuel tubes during vertical seismic accelerations are summarized below. 
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Bearing Stress during normal storage is 21.5 ksi; comparing this with the allowable stress of 47.25 ksi 
provides a FOS of 2.20. Shear Stress resulting from vertical seismic loads is 0.147 ksi; comparing this 
with an allowable of 26.02 ksi provides a FOS of 177. 


Base Plate. The principal load case for the base plate is during lifting; results from this analysis are 
included with the load path items below. During normal operation and the seismic load case the base plate 
stresses are bounded by the spacer plate results. 


Other Lifting Load Path Items. Refer to Table 4.2-28, Peach Bottom ART ISF Basket – Load Path 
Items Stress Results. The lifting load path items are analyzed to the reduced stress limits of ANSI 14.6 
with a dynamic factor of 1.15 applied to the masses. 


TRIGA Baskets 


Component Structural Stress Results. The structural stress results for each basket component for the 
TRIGA ISF basket are summarized in the following tables. The tables compare the calculated stresses 
against the code allowable stresses. The safety margin in the design is expressed as a FOS against ASME 
code requirements. FOS is defined as ASME code-allowable stress divided by calculated stress (or 
capacity divided by demand). Therefore, FOS greater than 1.0 are required to demonstrate compliance to 
code stress requirements. 


Tie Bars. Refer to Table 4.2-29, TRIGA ISF Basket – Tie Bar Stress Results. 


Lid Support Pins. Refer to Table 4.2-30, TRIGA ISF Basket – Lid Support Pins Stress Results. 


Spacer Plates. Refer to Table 4.2-31, TRIGA ISF Basket – Spacer Plate Stress Results. 


Fuel Support Tubes. Refer to Table 4.2-32, TRIGA ISF Basket – Fuel Support Tube Stress Results. 


Gadolinium Phosphate Storage Tube. See Table 4.2-33, TRIGA ISF Basket – Gadolinium Phosphate 
Storage Tube Stress Results. 


Basket Lid. Refer to Table 4.2-34, TRIGA ISF Basket – Basket Lid Stress Results. 


Top Plate. Refer to Table 4.2-35, TRIGA ISF Basket – Top Plate Stress Results. 


Base Plate and Support. Refer to Table 4.2-36, TRIGA ISF Basket – Base Plate and Support Stress 
Results. 


Other Lifting Load Path Items. Refer to Table 4.2-37, TRIGA ISF Basket – Load Path Items Stress 
Results. The lifting load path items are analyzed to the reduced stress limits of ANSI 14.6 with a dynamic 
factor of 1.15 applied to the masses. 
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Shippingport Reflector Rod Basket 


Component Structural Stress Results. The structural stress results for each basket component for the 
Shippingport Reflector Rod basket are summarized in the following tables. The tables compare the 
calculated stresses against the code allowable stresses. The safety margin in the design is expressed as a 
Factor of Safety (FOS) against ASME code requirements. FOS is defined as ASME code-allowable stress 
divided by calculated stress (or capacity divided by demand). Therefore, FOS greater than 1.0 are 
required to demonstrate compliance to code stress requirements. 


Tie Bars. Refer to Table 4.2-38, Shippingport Reflector Rod ISF Basket – Tie Bar Stress Results. In 
addition to the assessment of the individual tie bars a buckling check has been carried out for the basket 
structure as a whole. For the most severe case, the seismic case, the FOS is calculated at 21.5 against 
overall buckling. 


Spacer Plates. Refer to Table 4.2-39, Shippingport Reflector Rod ISF Basket – Spacer Plate Stress 
Results. 


Fuel Support Tubes. Refer to Table 4.2-40, Shippingport Reflector Rod ISF Basket – Fuel Support Tube 
Stress Results. 


Basket Lid. Refer to Table 4.2-41, Shippingport Reflector Rod ISF Basket – Basket Lid Stress Results. 


Top Plate. Based on the large FOS calculated in the top plate for the vertical seismic load case, the 
stresses resulting from the normal deadweight conditions are insignificant. The resultant stresses on the 
top plate from the vertical seismic load case are summarized below. 


Primary membrane stress is 1.55 ksi; comparing this with the allowable stress of 91.84 ksi provides a 
FOS of 59.2. Primary membrane plus bending stress is 6.12 ksi; comparing this with the allowable stress 
of 137.8 ksi provides a FOS of 22.5. Shear stress is 0.27 ksi; comparing this with an allowable of 55.1 ksi 
provides a FOS of 204. 


Base Plate. Refer to Table 4.2-42, Shippingport Reflector Rod ISF Basket – Base Plate Stress Results. 


Other Lifting Load Path Items. Refer to Table 4.2-43, Shippingport Reflector Rod ISF Basket – Load 
Path Items Stress Results. The lifting load path items are analyzed to the reduced stress limits of ANSI 
14.6 with a dynamic factor of 1.15 applied to the masses. 


Shippingport Reflector IV and Reflector V Baskets 


The baskets in the canisters containing the Shippingport Reflector IV and V Modules are classified NITS. 
They do not provide any structural function during movement or storage within the ISF facility and are 
used only as an aid for loading the canisters. The low fissile contents of the Reflector modules ensure 
there are no criticality constraints to be addressed within the canisters. The shield plugs are supported on 
retaining rings that are securely fastened to the canister (not by the basket), therefore there are no 
structural loads imposed on the basket by the shield plug. Fuel retrievability is concerned with retrieving 
the complete canister as a whole assembly; the fuel will not be removed from the canister once it is 
sealed. Hence, no structural stress limits need to be satisfied for the Reflector IV and Reflector V baskets. 
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4.2.3.3.3 Storage Tube Assembly Structural Evaluation 


The pressure boundary components of the storage tube assembly are classified ITS as they provide the 
secondary confinement barrier for the SNF during normal, off-normal, and accident conditions. The 
pressure boundary components of the storage tube assembly are N-stamped as an ASME Code, 
Section III, Division 1, Subsection NC, Class 2 vessel. The pressure boundary consists of the tube body 
(with welded forged base plate and tube top) and the storage tube lid. 


Design Loads 


The following summarizes the loads and conditions used in the storage tube structural and thermal 
analysis. 


Design Pressure. The initial fill pressure for the storage tube is nominally 8 psig. An increase or decrease 
in this pressure would result from a change in external temperature. When the storage area air vents are 
50% blocked (accident condition), the storage tube temperature is not expected to exceed 125°F. For this 
condition, the internal pressure may be in the 9 to 11 psig range. The maximum design internal pressure, 
however, (NC–3112.1) is conservatively set to 50 psig (design pressure for the canisters). The storage 
tube assembly is also designed for an external pressure of 14.7 psi that occurs when the storage tube is 
evacuated prior to inert gas filling. 


Design Temperature. Although the maximum temperature during normal storage conditions is not 
expected to exceed 125°F, the design temperature (NC-3112.2) is specified as 300°F. 


Design Mechanical Load. The design mechanical loading is the dead weight of the storage tube, canister, 
and canister internals under 1g gravitational loading with the storage tube and the canister inside the 
storage tube standing vertical. 


Normal Service Temperatures. The minimum and maximum service temperatures for the storage tube 
have been determined from thermal analyses of a combined model of the canister and storage tube with 
appropriate SNF heat generation rate and the maximum and minimum temperatures of air entering 
through the storage vault inlet air vents. Although the minimum and maximum normal air temperatures 
are –26°F and 98°F, respectively, the off-normal minimum (-40°F) and maximum (101°F) have been 
used. 


Normal Pressure. The storage tube assembly internal pressure has been calculated using the initial 
volume and pressure of helium used as cover gas (nominally 8 psig) and the normal service temperatures 
of the canisters. For the structural evaluation for the normal condition, 50 psig internal pressure (design 
pressure) is conservatively used. 


Operating Loads. The normal operating loads are the self-weight of the storage tube components and the 
ISF canister assemblies. 


Thermal Loads. Thermal loads and stresses resulting from the normal service temperatures and 
temperature gradients derived from the thermal analyses have been calculated and used in the structural 
analysis. The storage tube components are fabricated from materials that have similar coefficients of 
thermal expansion, and the storage tube can expand vertically as well as horizontally because of gaps 
designed between the storage tube and its lateral supports. Therefore the thermal stresses resulting from 
normal service temperatures are insignificant. 
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Off-Normal Service Temperature. Off-normal storage tube temperatures result from the off-normal 
temperatures of air entering the storage area and partial blockage of the air vents. Because normal service 
temperatures are calculated using off-normal environmental temperatures, the only off-normal thermal 
loading considered is due to partial vent blockage. Thermal analyses have been performed to determine 
the off-normal storage tube temperatures due to this event. The resulting temperatures are near those for 
the normal events. Structural analyses are, however, performed for a conservative temperature of 300°F. 


Off Normal Service Pressure. The off-normal pressure results from off-normal temperatures. No 
significant change in pressure is calculated; however, a 50 psig pressure (design pressure) is used as 
off-normal pressure.  


Accident Pressure and Temperature. The accident condition temperatures and pressures within the 
storage tubes have been calculated in accordance with NUREG-1536. The storage vault air inlet vents and 
the air outlet vents around the storage tubes are assumed to be 50 percent blocked and normal service 
temperatures are used for the air inlet temperatures. No significant difference between normal, off-normal 
and accident conditions are found. For structural analyses, a conservative pressure of 50 psig and 
temperature of 300°F has been assumed. No separate thermal analysis is performed for this case as the 
same temperature is used as an off-normal temperature. 


Seismic Loads. The storage tube module has been evaluated for loads resulting from a design earthquake. 
The structural evaluation for the earthquake loading has been performed by the equivalent static method 
using a 4.13-g horizontal acceleration and a 0.32-g vertical acceleration. These conservative accelerations 
have been determined as described in Section 4.2.3.3.1 and are based on the results of modal analysis of a 
combined canister and storage tube structural model and the response spectra at the charge face level and 
storage vault floor level. 


As discussed below under Structural Analysis, the ANSYS models used for the storage tube structural 
analyses include gaps between the canister and storage tube and thus account for the nonlinear effects of 
the gaps. 


The structural responses to horizontal and vertical seismic accelerations are combined by the SRSS 
method. 


Drop Accidents. Three components potentially could be dropped onto the storage tube assembly: the ISF 
canister, tube plug, and storage tube lid. 


The ISF canister is handled by a single-failure-proof hoist and grapple system. Therefore, a drop of this 
type is not considered credible. However, as a non-mechanistic drop analysis, the fuel-loaded canister has 
been evaluated for a vertical drop from its maximum height from inside the CHM during placement in the 
storage tube. This event is covered by Section 4.2.3.3.1. 


The tube plug is handled by the tube plug hoist and grapple system of the CHM. This is not a single-
failure-proof hoisting system but is a single load path with large safety factors. A tube plug drop has been 
assessed against a maximum drop height of approximately 89 inches, with no unacceptable consequences. 
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The storage tube lid is handled by commercial-grade hoisting and rigging. A storage tube lid drop from a 
height of 84 inches onto the tube body does not cause a nuclear hazard. The storage tube lid drop event is 
not evaluated because it is bounded by the tube plug drop event by reason of the storage tube lid lower 
drop energy (e.g., lower drop height and mass). 


Load Combinations 


Table 4.2-44 defines the loading combinations for the storage tube assembly components that have been 
used in the stress analyses, to ensure conformance with appropriate ASME code requirements. 


Allowable Loads and Stresses 


The storage tube pressure boundary is evaluated using the acceptance criteria of the ASME Code, Section 
III, Subsection NC. The normal condition loadings are considered as those that are required to satisfy the 
Level A service limits. The off-normal and accident condition loadings are evaluated against Level B and 
Level D service limits, respectively. 


The allowable stress intensities for each of the Service Levels are calculated using the criteria listed in 
Table 4.2-45, and the material mechanical properties provided in Table 4.2-46. The allowable stress limits 
for the storage tube materials are detailed in Table 4.2-47. 


Structural Analysis 


The structural evaluation of the storage tube assembly is performed using ANSYS/Mechanical 
Version 5.7 and ANSYS/LS-DYNA Version 5.7 finite element analysis software and hand calculations. 
Structural analyses are performed by elastic and plastic analysis methods to demonstrate the structural 
adequacy and code compliance for applicable loading conditions postulated at the ISF Facility. 


The ANSYS model includes the lower tube, forged base plate, support stool plate and alignment tees, and 
a simplified canister as shown in Figure 4.2-25. For the simplified canister, the internal structures and 
their associated contact surfaces are not modeled to bring about a stable solution. The upper and lower 
domes are modeled as flat plates. The total canister weight, including that of the loaded spent fuel basket 
and impact plates, is included as an increase in the modeled density of the canister material property. 


The storage tube and simplified canister are modeled using the 3D solid element, SOLID45. The gap 
between the inside surface of the storage tube and the outside surface of the canister is represented by the 
3D node-to-node contact element, CONTAC52. The canister is freestanding inside the storage tube. The 
node-to-node contact between the canister bottom and the storage tube bottom plate allow the canister to 
uplift and tip, but support it under compressive loading. 


Constraints for the storage tube include models of the charge face liner support pads and the support stool. 
The charge face liner support pads are modeled as constrained nodes. Node-to-node contact elements, 
CONTAC52, are modeled between these nodes and nodes on the outer radius of the upper storage tube 
annular forging. The storage tube is freestanding on the support stool. 


The support stool, including the support plate and alignment tees, is also modeled as constrained nodes. 
The support plate constrained nodes are offset vertically from the nodes making up the bottom surface of 
the storage tube bottom forged plate. Node-to-node contact elements, also CONTAC52, between the 
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storage tube bottom plate and the support stool plate, allow the storage tube and its contents to uplift and 
tip, but support it under compressive loading. Node-to-node CONTAC52 gap elements are provided 
between the bottom outer radius of the storage tube and the support stool alignment tees. 


ANSYS Model – Plastic Analysis. The drop analysis is performed using LS-DYNA, a software package 
that contains ANSYS for pre- and post-processing and an explicit code, DYNA3D, developed by 
Livermore Software Technology Corporation. (LSTC). Because LS-DYNA solver provides a fast solution 
for large deformation, non-linear dynamic and contact problems, it is well suited to handle the drop 
analysis. 


For the postulated vertical drop of the tube plug in the storage tube, a quarter-symmetry model is 
necessary. The ANSYS model described above is modified to function properly within LS-DYNA. The 
SOLID45 elements are changed to SOLID164 elements. The BEAM4 elements are not transferred 
because the lid is not modeled. The CONTAC52 gap elements are deleted and node sets are defined in the 
input file for the surfaces in contact. Contact elements are generated by LS-DYNA from these node sets. 


Summary of Results 


The stress intensities and the design margin for the design and service conditions for both 18-inch and 
24-inch diameter storage tubes are listed in Table 4.2-48. Design margin is defined as the ASME code 
allowable stress divided by the actual calculated stress, minus one. A net positive design margin is 
required to demonstrate compliance to the code stress allowables. 


4.2.3.3.4 Charge Face Cover Plate Structural Evaluation 


The charge face cover plate is classified ITS because it protects the storage tube assembly from tornado-
generated missiles. The charge face cover plate is not part of the pressure boundary of the storage tube 
and therefore, has been designed to the AISC Manual of Steel Construction, Ninth Edition. The charge 
face cover plate has been evaluated for static loads, live loads, seismic loads, tornado wind, differential 
pressure and tornado generated missile impact loads.  


Charge Face Cover Plate Loading 


Tornado-Generated Missiles. Tornado missiles in the form of a wooden plank, 6-inch schedule 40 pipe 
and 1-inch steel rod could penetrate the exterior building walls of the Storage Area building. The charge 
face cover plate has been designed to withstand an impact from these missiles without damage to the 
storage tube assembly. 


Tornado Wind and Differential Pressure. The charge face cover plate has been designed to withstand 
the upward suction resulting from the tornado wind speed of 200 mph assuming the building sheeting has 
failed. 


Live Loads. The charge face cover plate is designed to support a live load of 150 psf. In addition, the 
charge face cover plate is designed to support the CHM shield skirt static loads during an off-normal 
condition and the static and dynamic loads during accident conditions. 
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Seismic Loads. The charge face cover plate is designed to withstand the effects of the design basis 
earthquake and will remain in place to protect the storage tube assembly during and following a seismic 
event. 


Lifted Loads. The charge face cover plate is removed from the charge face encast by using a portable 
hoist that is rolled over the charge face to the desired storage location. The hoist attaches to three eyebolts 
that are screwed into threaded holes in the cover plate. The lifting hoist and lifting arrangement is 
designed to ensure that the charge face cover plate is safely handled to prevent dropping it on the charge 
face. 


4.2.3.3.5 Storage Vault Structural Evaluation 


The structural evaluation of the storage vaults is provided in Section 4.7.3.3.3, Storage Area. 


4.2.3.3.6 Heat Transfer and Thermal Evaluation 


This section presents the heat transfer and thermal analysis during storage and SNF handling operations. 
The significant thermal design feature of the storage system is the passive thermosyphon airflow used to 
remove the decay heat of the stored SNF. The system has been evaluated for the removal of up to 
12.9 kW of decay heat distributed between both storage vaults. The maximum individual storage tube 
heat output and vault configurations for this maximum decay heat are presented in Table 4.2-49. The 
naturally circulating air inside the storage vault ensures that concrete temperatures are maintained below 
the design limits. Although long-term fuel cladding temperatures are calculated to be maintained below 
temperature limits where degradation might occur, this SAR does not take credit for fuel cladding 
integrity. 


Air is naturally drawn into the vault structure through the air inlet/vents by the buoyancy action of the 
warm storage air rising. As cooler air is drawn into the vault it warms up from the heat generated in the 
storage tube. This warmer air rises and flows through annular gaps around each storage tube and enters 
the Storage Area building where it is dissipated into the atmosphere through fixed louvers. The analysis 
provides the temperatures and temperature distributions in the fuel, basket, canister, storage tubes and 
concrete throughout the ISF facility for normal, off normal, and accident conditions. 


Design Data 


Ambient Temperature Boundary Conditions 


The ambient temperature boundary conditions used in the heat transfer and thermal calculations are listed 
in Table 4.2-50. 


Thermal Properties of Materials 


The thermal conductivity properties of the steel materials used in the heat transfer and thermal analysis 
were derived from ASME Section II, Part D, Material Properties. The values of surface thermal 
emissivity used in the thermal and heat transfer calculations are listed in Table 4.2-51. The values for the 
canister and fuel packaging stations represent plain metal surfaces while the other values represent 
painted surfaces. 
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Fuel Heat Outputs 


The fuel heat outputs used in the heat transfer and thermal analysis models of the ISF baskets are detailed 
in Table 4.2-52. The values in Table 4.2-52 provide the nominal or average decay heat output values per 
element as well as the maximum decay heat output per canister. The maximum decay heat output canister 
values were used in the heat transfer and thermal analysis models.  


A bounding heat output scenario was also evaluated, using maximum heat outputs of 40 watts and 
120 watts per canister. Canister heat sources of 40 watts and 120 watts were used to calculate the ISF 
canister and storage tube temperature distributions used in their structural analysis. 


Allowable Temperature Limits 


Table 4.2-53 provides the allowable fuel and component temperature limits during normal, short term off 
normal, and short term accident conditions within the storage system or during SNF handling operations. 


Heat Transfer and Thermal Analysis Modeling 


The following sections summarize the main steps in the heat transfer and thermal analysis and provide a 
basic description of the methods and analytical models used. Full details of the methods used in the 
analyses are given in the individual component calculations. 


The thermal modeling of the fuel, ISF basket, ISF canister, storage tube and SNF handling components 
uses a combination of hand calculations and finite element analysis using the ANSYS computer code. The 
ANSYS data sets were produced such that they could be used first to produce the steady state 
temperatures and then as part of the structural analysis. The heat transfer and thermal analysis has been 
carried out with the ISF canister and/or basket located in the FPA, the canister trolley cask, the CHM and 
the storage tube assembly. 


In each of these locations the temperature calculation has been carried out in two stages. In the first stage 
models were created of the standard canister with a heat source representative of the appropriate fuel 
elements. These models were then run to calculate the steady state temperature reached by the canister 
wall. In the second stage a 3-dimensional model of the canister with its basket and fuel was modeled with 
the canister wall temperature, calculated in the first stage, applied as a boundary condition. The results of 
the second stage determined the required maximum steady state temperatures of the canister basket 
components and the temperature distributions. 


Fuel Elements 


The heat transfer process within the baskets and ISF canisters is modeled as conduction only. The fuel 
elements and modules have been modeled as a region of the canister fill gas with the same dimensions as 
the fuel active length. The decay heat is then applied within this gas region as a uniform volumetric heat 
source. Because the thermal conductivity of the fill gas is lower than that of the fuel assemblies, the 
maximum temperatures obtained are conservative. The thermal conductivity is selected to represent either 
helium or air at a specified pressure. 
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ISF Basket Components 


The ANSYS models of the ISF baskets were constructed from 20-noded thermal brick elements. As the 
baskets are symmetric in the axial direction, only a section of the basket was modeled, consisting of half 
the thickness of a spacer plate together with half the gap between the spacer plates. The full circle of the 
spacer plate was modeled to facilitate the thermal stress analysis of the spacer plate and other canister 
components. The resulting centrally located section gives a conservative result because the heat loss that 
occurs from the canister ends is neglected. 


The basket voids are modeled as gas. Heat transfer through the gas is modeled by conduction. Heat 
transfer by radiation and convection has not been considered in this model, which provides a conservative 
analysis. 


The fuel support tubes are located concentrically in the holes in the spacer plates. The clearance gaps 
between the support tubes and spacer plate and between the canister and spacer plate are filled with gas. 


Canisters 


The ANSYS model of the canister is the same as that used for the structural analysis in Section 4.2.3.3.1. 
The steady state canister temperatures have been calculated for representative and bounding heat sources 
of 40 watts and 120 watts. For the long canisters both heat sources have been applied uniformly over a 
canister length of 100 inches. For the short canisters the 40-watt heat source has been applied uniformly 
over two 15-inch canister lengths, representative of that for TRIGA fuel. There is no representation of any 
basket structure within the canister. 


Fuel Packaging Area 


Fuel Operations and Monitoring Station. The heat producing components within the various incoming 
DOE canisters are distributed uniformly within the cross section area of the canisters. The fuel and 
contents of each of the incoming DOE canisters have been modeled as a single cylindrical gaseous region 
with a uniform volumetric heat source over the height occupied by the active length of the fuel. Because 
the fuel components and the basket are metals (oxides or carbides) they have a greater thermal 
conductivity than does the canister fill gas. Initially the canisters have their original gas fill, but after 
opening, the medium will be air. Air has the lower value of thermal conductivity, and this has been used 
for the calculations. This modeling methodology results in a conservative prediction for the maximum 
fuel, basket and reflector component temperatures within the DOE canister. 


The smaller diameter DOE canisters, containing Peach Bottom and TRIGA fuels, are located within an 
adapter that rests within the bench vessel at the fuel operations and monitoring station. This is an encast 
within a concrete shield region that is nominally 3 feet thick. The larger diameter DOE canisters, 
containing the Shippingport reflector modules and loose rods, rest directly within the bench vessel. The 
heat transfer from the DOE canister to the adapter and to the bench vessel is modeled by convection 
through the air annuli and by thermal radiation across the concentric surfaces. The heat is then conducted 
through the concrete and transferred off the outside of the concrete by natural convection to the confined 
air below the FPA workbench level. The confined air also receives heat from other fuel storage and 
handling stations. The confined air then transfers the heat to the workbench by natural convection, and the 
workbench top surface then transfers the heat by natural convection to the FPA HVAC system. The heat 
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transfer route from the DOE canister to the HVAC air has been modeled by hand calculations as a 
1-dimensional steady state system. 


Fuel Bucket Operations Station. Only the individual TRIGA shipping buckets are removed from the 
DOE canister and loaded into the fuel bucket operations station. The heat transfer processes within this 
station have been modeled using the same approach as employed at the fuel operations and monitoring 
station. The model assumes a uniform volumetric heat source within the air-filled fuel bucket. Heat 
transfer occurs in the radial (horizontal) direction from the fuel bucket to the side plates, to the bench 
vessel and then to the confined air below. The radial heat transfer is by conduction in the air, except for 
the heat transfer off the outside of the bench vessel by natural convection. No vertical (axial) heat transfer 
direct to the ventilation system air has been included. The heat transfer route from the TRIGA fuel bucket 
to the HVAC air has been modeled by hand calculations as a 1-dimensional steady state system. 


Fuel Loading Stations. The FPA has three fuel loading stations where the individual fuel elements are 
loaded into baskets. Fuel Loading Stations 1 and 2 have a large bench vessel and can accommodate 
18-inch baskets using an adapter sleeve or 24-inch baskets without an adapter. Fuel Loading Station 3 has 
a smaller bench vessel and can accommodate the 18-inch baskets used for Peach Bottom 1 ART fuel. The 
heat transfer methodology used at the fuel loading stations is the same as that for the vault storage area, 
but with the canister replaced by the adapter sleeve, if used. 


Fuel Decanning Station. The methodology employed in modeling the Peach Bottom fuel and its can at 
the decanning station is the same as that employed at the fuel bucket operations station. The radial 
barriers to heat transfer are the fuel liner, inner can, outer can, adapter sleeve, and bench vessel. 


Canister Trolley Cask and Canister Closure Area 


The maximum steady state temperatures within the canister trolley cask will occur while the cask is 
jacked up into the CCA. In this position a 3-foot-high section of the cask is within the concrete roof of the 
transfer tunnel. To ensure that the results are conservative, it has been assumed that there is no heat loss 
from any part of the cask above the level of the transfer tunnel roof. Canister heat that is passed radially 
into the cask from above the level of the transfer tunnel roof will be conducted down through the cask 
steel shielding into the transfer tunnel area, before being transferred to the HVAC air environment in the 
Transfer Tunnel. 


The natural convection heat transfer that occurs across the air gaps between the inside wall of the canister 
heater module and the canister, between the canister and the inside of the lifting frame bottom bucket, 
between the canister stool and the heater, and between the outside wall of the canister heater module and 
the inside surface of the canister cask, were modeled using a heat transfer correlation (Ref.4-65). The 
thermal radiation that occurs across these air gaps was modeled using a radiation matrix utility. Neither 
the canister lifting cage nor the canister heater module elements were represented explicitly in the model. 


The natural convection heat transfer and thermal radiation from the outside surface of the canister trolley 
cask to the ambient transfer tunnel air environment was modeled using surface effect elements. The 
applied heat transfer coefficient was temperature dependent and based on a laminar natural convection 
correlation. 
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Canister Handling Machine 


For the CHM model heat is transferred from the outside of the CHM to the Storage Area air by natural 
convection and radiation. The air passing through the annulus between the CHM wall and the neutron 
shield material (JABROC) was modeled as a pseudo pipe, with heat being convected to and from the pipe 
by both boundary walls. Radiation and conduction were also modeled across the gap between the 
JABROC and the CHM wall. Conduction, convection, and radiation were included in the model for the 
air gaps within the CHM. Conduction but no convection or radiation was assumed to take place in the 
helium gas contained within the canister, leading to a conservative analysis. Heat loss from the ends of 
the canister was also not considered, leading to a conservative result.  


In the CHM an off-normal condition may occur as a consequence of the failure of the Storage Area 
building ventilation system, following which the Storage Area building air temperature increases to a 
maximum value of 154°F. 


The ANSYS model of the CHM is constructed in 2 dimensions from 4-node axisymmetric thermal solid 
elements. The ISF canister is modeled as a 2-dimensional mesh. 


The air gaps between the various components within the CHM are modeled as mesh elements; if the air 
gap varied with height it was split into a lower and upper region. The natural convection heat transfer that 
occurs across these air gaps was modeled using surface effect elements. The thermal radiation that occurs 
across these air gaps was modeled using a radiation matrix utility. 


A thermosyphon air cooling flow travels vertically upwards in the gap between the outer CHM wall and 
the JABROC. This airflow is modeled using fluid pipe elements with the pipe inlet temperature set at 
100°F or 154°F, the normal and off normal storage area temperatures. The heat transfer coefficient 
applied to both sides of the annulus is temperature dependent and based on fully developed laminar flow. 


The convection that occurs from the outside of the JABROC to the ambient air in the Storage Area 
building was modeled using surface effect elements. The thermal radiation that occurs from the outside of 
the JABROC was also modeled using surface effect elements. 


Vault Storage Tube 


For the vault storage tube model heat is transferred from the outside of the storage tube to the vault air by 
natural convection. The calculation of the air-cooling flow rate through the vault and over individual 
storage tubes is not a part of the ANSYS model. Conduction but no convection or radiation is assumed to 
take place in the helium gas contained within the storage tube and ISF canister, providing a conservative 
analysis. For the thermal calculation in the vault storage tube, conditions for normal, off-normal with 
25 percent duct blockage and accident with 50 percent duct blockage are addressed. 


The ANSYS canister model is incorporated into a 2-dimensional axisymmetric model that features the 
vault storage tube and its base support plate. The storage tube is truncated to the same height as the top of 
the ISF canister. The ANSYS model of the storage tube is constructed in 2 dimensions from 4-node 
thermal solid elements. 
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Heat is transferred through the ISF canister wall and the storage tube wall by the metal thermal 
conductivity, which is input as a function of temperature. The volume between the outside of the ISF 
canister and the inside of the vault storage tube is modeled as helium gas with the heat transported by the 
gas thermal conductivity which is input as a function of temperature. 


Heat is transferred radially from the outside of the vault storage tube to the vault air by natural 
convection. The heat transfer coefficient is based on a laminar, uniform, heat flux correlation. The vault 
cooling air is modeled as pseudo pipe flow using the mass flow rates presented in Table 4.2-54. 


The model boundary temperature is the vault cooling air inlet temperature. These ambient air 
temperatures are selected to represent the maximum values within the specified ranges. 


Summary of Results 


The heat transfer and thermal stress analysis of the SNF handling components, storage tube, ISF canister, 
ISF basket, and fuel have been evaluated in the FPA, canister trolley cask, CHM, and the storage vault. 


Heat Transfer and Thermal Stress Results – Peach Bottom Fuel 


The Peach Bottom 1 fuel geometry is the same as the Peach Bottom 2 fuel geometry for heat transfer 
purposes, except that the bottom of the Peach Bottom 2 fuel is located 18 inches higher in the ISF 
canister. The heat output for the Peach Bottom 1 fuel is significantly less than that for the Peach Bottom 2 
fuel. The temperatures calculated for the Peach Bottom 2 fuel bound the Peach Bottom 1 fuel. 


The heat transfer model for the Peach Bottom 1 ART fuel assembly is the same as the intact Peach 
Bottom 1 fuel assembly for heat transfer purposes. The difference in the baskets is the storage capacity: 
the Peach Bottom 1 and 2 ISF basket contains 10 fuel elements, but the Peach Bottom 1 ART ISF basket 
contains only 7 fuel elements. The 7-position baskets will have lower temperatures and lower temperature 
gradients than the 10-position baskets. The temperatures calculated for the Peach Bottom 2 fuel bound the 
Peach Bottom 1 ART fuel. 


The maximum calculated temperatures of the Peach Bottom 2 fuel during handling and storage are 
summarized in the following tables. These results are bounding for the three Peach Bottom fuel types: 


• Table 4.2-55, Fuel and Component Temperatures in FPA, Canister Trolley Cask and CHM 


• Table 4.2-56, Peach Bottom Fuel – Storage Vault 


The results of the thermal analysis within the Peach Bottom 1 and 2 basket show there are sufficient 
clearances in and around the basket to accommodate the thermal expansions associated with the overall 
temperature increases and the modest temperature differences between components. Representative 
results for the thermal accident case are as follows: 


• fuel support tubes to top plate clearance, 0.35 inch when cold reduces to 0.18 inch when hot 


• fuel support tube diameter to spacer plate through hole clearance, 0.010 inch when cold reduces 
to 0.005 inch when hot 


• basket to canister length clearance, 0.25 inch when cold increases to approximately 0.29 inch 
when hot 
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The maximum thermal stresses calculated for the Peach Bottom 1 and 2 baskets and Peach Bottom 1 ART 
baskets spacer plates and fuel support tubes are summarized in Table 4.2-57. The maximum stresses in 
the spacer plates are localized around the outside of the plate. Away from these points the thermal stresses 
are typically below 200 psi. The thermal stresses within the basket components are self-limiting and are 
classed as secondary stresses. 


Heat Transfer and Thermal Stress Results – TRIGA 


The maximum calculated temperatures of the TRIGA fuel during handling and storage are summarized in 
the following tables: 


• Table 4.2-55, Fuel and Component Temperatures in FPA, Canister Trolley Cask and CHM 


• Table 4.2-58, TRIGA Fuel – Storage Vault 


The results of the thermal analysis within the TRIGA basket show there are sufficient clearances in and 
around the basket to accommodate the thermal expansions associated with the overall temperature 
increases and the modest temperature differences between components. Representative results for the 
thermal accident case are as follows: 


• fuel support tubes to top plate clearance, 0.150 inch when cold reduces to 0.135 inch when hot 


• fuel support tube diameter to spacer plate through hole clearance, 0.012 inch when cold reduces 
to 0.010 inch when hot 


• basket to canister length clearance, 0.250 inch when cold increases to approximately 0.26 inch 
when hot 


The maximum thermal stresses calculated for the TRIGA basket spacer plates and fuel support tubes are 
summarized in Table 4.2-59. The maximum stresses in the spacer plates are localized around the outside 
of the plate. Away from these points the thermal stresses are typically below 300 psi. The thermal stresses 
within the basket components are self-limiting and are classed as secondary stresses. 


Heat Transfer and Thermal Stress Results – Shippingport reflector rods 


The maximum calculated temperatures of the Shippingport reflector rods during handling and storage are 
summarized in the following tables: 


• Table 4.2-55, Fuel and Component Temperatures in FPA, Canister Trolley Cask and CHM 


• Table 4.2-60, Shippingport Reflector Rods – Storage Vault 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.2-56 


 


  


The results of the thermal analysis within the Shippingport reflector rod basket show there are sufficient 
clearances in and around the basket to accommodate the thermal expansions associated with the overall 
temperature increases and the modest temperature differences between components. Representative 
results for the thermal accident case are as follows: 


• fuel support tubes to top plate clearance, 0.30 inch when cold reduces to 0.047 inch when hot 


• fuel support tube diameter to spacer plate through hole clearance, 0.014 inch when cold reduces 
to 0.006 inch when hot 


• basket to canister length clearance will increase as the assembly becomes hotter 


The maximum thermal stresses calculated for the Shippingport reflector rod basket spacer plates and fuel 
support tubes are summarized in Table 4.2-61. The maximum stresses in the spacer plates are localized 
around the outside of the plate. The thermal stresses within the basket components are self-limiting and 
are classed as secondary stresses. 


Heat Transfer and Thermal Stress Results – Shippingport Reflector Modules 


The maximum calculated temperatures of the Shippingport reflector module during handling and storage 
are summarized in the following tables: 


• Table 4.2-55, Fuel and Component Temperatures in FPA, Canister Trolley Cask and CHM 


• Table 4.2-62, Shippingport Reflector Modules – Storage Vault 


Thermal stresses within the reflector module baskets have not been analyzed, as the baskets do not 
provide any structural function. 


Maximum Fuel and Component Temperatures 


Table 4.2-63 provides a summary of the highest fuel and component temperatures from the heat transfer 
analysis during storage and fuel handling operations and compares these temperatures to the allowable 
temperature limits provided in Table 4.2-53. During storage conditions the charge face concrete is 
conservatively assumed to reach the temperature of the storage tube.  


All fuel and component temperatures are within the normal and short term temperature limits. 


Heat Transfer Results - Bounding Canister Temperatures 


Table 4.2-64 summarizes the steady-state temperatures within the canister, calculated for the 
representative and bounding heat sources of 40 watts and 120 watts. The analysis of the canisters in the 
storage vault is based on an air inlet temperature of 101°F (the maximum off-normal inlet temperature). 
These temperatures are used for the ASME structural evaluation of the ISF canister. 


The maximum calculated temperature of 192 °F is significantly below the ISF canister design temperature 
of 650 °F. 
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4.2.3.3.7 Criticality Evaluation 


The design criteria for nuclear criticality are provided in Section 3.3.4, Nuclear Criticality Safety. The 
basic requirements are 1) keff shall not exceed 0.95 for any in-process or fuel storage array under normal, 
off-normal, or accident conditions, and 2) spent fuel handling, packaging, transfer and storage systems 
must be designed to ensure that, before a nuclear criticality accident is possible, at least two unlikely, 
independent, and concurrent or sequential changes have occurred in the conditions essential to nuclear 
criticality safety. 


The scope of this section is a description of 1) the criticality models, and 2) the criticality evaluations and 
results for storage and transfer operations within the Storage Area. Additional information on criticality 
evaluations and operational controls for the ISF Facility are provided in: 


• Appendix 4A to the SAR, Criticality Models 


• Appendix A to the SAR, Safety Evaluation of the Transfer Cask 


• SAR Section 4.7.3.4, Criticality Evaluation for Spent Fuel Handling Operations 


• SAR Section 5.1.3.1, Criticality Prevention 


• SAR Chapter 8, Accident Analysis 


The criticality evaluations for the ISF Facility fall into one of three categories: 


Evaluation of normal fuel handling sequences. Fuel configurations that are known to occur during 
routine storage operations are analyzed to ensure that the planned geometry, separation, and material 
inventories will be safe during normal facility conditions. 


Evaluation of off-normal and accident scenarios. Postulated off-normal and accident scenarios are 
evaluated to ensure that two unlikely, independent, and concurrent or sequential changes in geometry, 
separation, or material inventory are required before keff exceeds 0.95. 


Evaluation of bounding cases. Due to the nature of fuel handling and storage operations, it is difficult to 
postulate all potential combinations of geometry, separation, and material inventory. To ensure that the 
conditions that could lead to a criticality for ISF Facility operations are well understood, “bounding” 
cases have been developed to identify the combinations of geometry, material inventory, and 
reflection/moderation that are required to achieve keff = 0.95 at the ISF Facility. In some instances, these 
bounding cases are used to evaluate the consequences of accident or off-normal conditions. 


Criticality models developed to examine each of the three fuel types under the above conditions are 
provided in Appendix 4A to the SAR. The MCNP4 computer code (Ref. 4-18) described in 
Section 3.3.4.3.2 was used for each of the analyses. 


By a combination of their basic pellet design and their reactor operations exposure, the Shippingport 
reflector modules are not enriched, and the lack of appreciable amounts of fissile material means that 
criticality safety is ensured without further limitations on geometry. The handling, transfer, and storage of 
Shippingport modules and loose rods do not present any limitations with regard to criticality safety. The 
increase in reactivity of Shippingport reflector modules due to neutronic coupling with the other two 
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types of fuels is bounded by other cases involving just the other two types of fuels. Therefore, no further 
criticality evaluations involving Shippingport fuel are provided. 


Normal Storage Area Operations 


When fuel arrives at the Storage Area port, the fuel has been repackaged into the appropriate ISF basket 
and canister configurations. The canister closure operations have taken place and the canister is ready to 
be placed into the storage tube. Sections 4.2.3.2.4, 4.2.3.2.3, and 4.2.3.2.2 describe the physical design of 
these baskets, canisters, and storage tubes, respectively. 


The normal operational case in the Storage Area is to have the ISF canisters stored in the storage tubes. 
Several configurations of TRIGA and Peach Bottom canisters were evaluated. The results of these 
analyses are summarized in Table 4.2-65. Each of these configurations has a keff less than the 0.95 design 
criteria limit. 


A handling operation that can occur in the normal condition is an ISF canister in the CHM passing over 
an ISF canister in the storage tube. The results of the criticality evaluations for a TRIGA canister over a 
TRIGA, and a Peach Bottom canister over a Peach Bottom canister, are shown in Table 4.2-65. The 
various combinations of Shippingport, Peach Bottom, and TRIGA were not modeled since they are 
bounded by the more reactive TRIGA-over-TRIGA configurations. 


Storage Area Criticality Control During Off-Normal and Accident Events 


Shippingport and Peach Bottom fuels do not require the ISF baskets to maintain geometric control of the 
fuel during off-normal or accident conditions. The TRIGA fuel does require the ISF basket to maintain 
geometric control of the fuel during off-normal or accident conditions. Section 4.2.3.3.2 discusses the 
structural analyses of the ISF canister internals and summarizes the results. 


The CHM is designed as a single-failure-proof crane and the associated lifting devices are designed to 
ANSI N14.6. Therefore, accident scenarios involving a loss of geometry control or fuel separation due to 
dropping an ISF Canister are not credible, as two unlikely, independent and concurrent or sequential 
events are required to drop the canister. 


Storage Area Bounding Analyses 


To envelope unforeseen off-normal or accident conditions within the storage area, a parametric study was 
performed that investigated the effects of fully flooding and fully moderating the array of fuel canisters in 
the Storage Vault. Although this scenario is not considered a credible event, it served to demonstrate the 
limits of criticality safety for the storage configuration. The results of this analysis are presented in 
Table 4.2-65. For an infinite array of Peach Bottom fuels, keff = 0.50 under this scenario. For a Storage 
Vault fully loaded with TRIGA fuel, keff = 0.82. A mixed fuel infinite array, fully flooded and moderated, 
yielded keff = 0.84. All of these results meet the design criteria of keff < 0.95. 
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4.2.3.3.8 Chemical and Galvanic Evaluation 


Loss of Corrosion Resistance 


ISF Canister Interior Conditions 


The internal atmosphere of the ISF canister during storage is specifically designed to prevent degradation 
of the fuel and the ISF canister internal structure. Vacuum drying and inert gas filling processes are 
performed to ensure that the canister internal atmosphere contains less than 2500 ppm oxidizing gases and 
less than 1300 ppm water content. This meets the requirements of NUREG 1536, Section 8, Subsection 5. 
The ISF canisters are vacuumed down to a pressure of 1 Torr. The canister is held in vacuum for at least 
2 hours. The fuel is deemed dry if the pressure rises at a rate of less than 10 Torr per hour. The canister is 
then filled with helium and the lid weld is leak tested. Upon passing the leak test, the canister is evacuated 
then backfilled for the second time to provide an inert atmosphere for the fuel. The canister vent plug is 
inserted and the seal welded and leak tested. The ISF canisters are filled with helium with a specification 
of 99.995 percent purity, having less than 5 ppm oxygen and less than 5 ppm water. 


The dry and inert internal atmosphere in the ISF canister ensures that there is not enough moisture and 
oxygen to allow corrosion or galvanic reactions to take place between: 


• the stainless steel components of the ISF canister and ISF basket 


• the stainless steel components of the ISF canister and aluminum components of the Shippingport 
reflector guides 


• the stainless steel components of the ISF basket and the graphite of the Peach Bottom fuel 
element 


• the stainless steel components of the ISF basket and the stainless steel cladding of the TRIGA 
fuel element 


• the stainless steel components of the ISF basket and the aluminum cladding of the TRIGA fuel 
element 


• the aluminum components of the Shippingport guides and the zirconium alloy-4 shell of the 
Shippingport reflector modules 


• the aluminum components of the Shippingport guides and the stainless steel clamps of the 
Shippingport reflector modules 


• the stainless steel components of the ISF basket and the zirconium alloy-4 clad of the 
Shippingport reflector module pins 


The oxide layer produced in anodizing the Shippingport aluminum guides and the natural chromate layer 
produced by the stainless steel will significantly reduce the electrolytic contact between the two materials. 
Any minor corrosion of the aluminum guides produced from the contact of these two materials, inside the 
dry inert environment of the ISF canister, will not be detrimental to the integrity of the ISF canister, fuel, 
or guides. 
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ISF Canister Exterior Conditions 


Just as the internal atmosphere in the ISF canister is designed to prevent degradation of the canister 
contents, the ISF canister is placed in a storage tube whose internal atmosphere is designed to prevent 
degradation of the ISF canister exterior. The ISF canister shell is fabricated from 316L stainless steel; 
corrosion will be extremely slow under normal atmospheric conditions, and negligible under dry and inert 
conditions. The storage tubes are fabricated from carbon steel grade SA-333 and SA-350. The inside 
surfaces of the storage tubes are protected by a graphite-based etch primer paint, which primarily provides 
protection for the carbon steel surface before establishing the internal inert atmosphere. 


After loading the ISF canister into a storage tube, the tube is sealed and tested. The internal atmosphere of 
the storage tube is changed from an air environment to an inert environment by twice applying a vacuum 
down to 1 Torr and backfilling the storage tube with helium gas to a positive pressure with respect to 
atmosphere. The storage tubes are filled with helium with a specification of 99.995 percent purity, having 
less than 5 ppm oxygen and less than 5 ppm water.  


The ISF canister stands on its lower impact absorber, and rests on the carbon steel surface of the storage 
tube base, and it may also lean over so that the tip of the upper impact absorber rests against the wall of 
the storage tube. The dry and inert atmosphere inside the storage tube ensures that there is not enough 
moisture and oxygen to allow corrosion or galvanic reactions to take place between the carbon steel 
components of the storage tube and the stainless steel components of the ISF canister. 


Material Selection 


The selected materials and coatings ensure that the storage tube, ISF canister, ISF baskets, and stored fuel 
elements will not cause chemical or galvanic reactions that could adversely affect the safety of dry 
storage, as required by NRC ISG-15 (Ref. 4-19). 


Galvanic reactions between components of the ISF canister and its basket are precluded by the stainless 
steel composition of ISF canister; the stainless steel or aluminum basket components ; and the dry inert 
canister atmosphere. Galvanic reactions occur when dissimilar metals are in close contact in an 
electrically conductive environment. This usually requires the presence of both oxygen and an electrolyte, 
such as water, between the two metals to facilitate the reaction. The galvanic reaction causes one metal to 
corrode the other because of the difference in electrochemical potential of the two metals. Aluminum and 
ferritic steel are the most notable common instance of galvanic-induced corrosion. Austenitic stainless 
steels have a much lower galvanic effect upon aluminum alloys because of the presence of nickel and 
chrome. Different alloys of stainless steel have little galvanic effect among themselves due to their similar 
compositions. Galvanic effects between zircaloy-clad SNF and the stainless steel basket tubes are 
minimal, and galvanic effects between aluminum-clad SNF and the stainless steel basket tubes are small 
due to the choice of stainless steel for the canister basket. In addition, the lack of water and oxygen in the 
ISF canister during storage conditions minimize galvanic effects. 


Galvanic reactions between components of the ISF canister and components of the storage system are 
precluded by coatings and lack of water and/or oxygen wherever ferritic steels are employed, especially in 
the storage tube. Coatings are low halide and will not cause galvanic reactions or induce stress corrosion 
cracking. Contact between uncoated components of the storage system and the ISF canister during 
loading operations are of short duration and galvanic effects will not occur. 
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Chemical Reactions 


Gadolinium phosphate was selected as a neutron absorber for repository disposal purposes due to its low 
solubility and long life in a repository environment. This material is inert and does not react with the 
stainless steel 316L tube that contains it. 


Liquids used for dye penetrant examinations conform to the low-halide requirements of coatings and 
markers. No cutting fluids or organic lubricants are required for loading SNF into the ISF canister, and no 
chemical reactions with organic materials in the canisters are possible. Carbon/alcohol lubricants used in 
the assembly of the ISF basket will not contribute to chemical reactions with the stainless steel 
components of the ISF basket or canister. 


Decontamination fluids conform to the low-halide requirements of coatings and markers. Acids and 
corrosive materials are not allowed to contact the SNF canister or basket during normal operations. 


Oxidation reactions, initiated by contamination of stainless steel surfaces by uncoated ferritic steel 
components, are limited by the nature of handling operations. Storage system components that could 
cause abrasion of the ISF canister stainless steel surfaces are coated as described in the following section. 
Storage system components that contact portions of the ISF canister for lifting operations (e.g., the CHM 
ferritic steel lifting hardware collets and the ISF canister stainless steel lift pintle) may experience minor 
and localized contamination. 


Contamination of the Outside of the ISF Canister 


The ISF Facility design basis and operational procedures will ensure that the total halide content of 
coatings that will contact the ISF canister will not exceed 200 ppm. The total combined content of iron 
and low melting point elements such as sulfur, lead, copper, zinc, cadmium and mercury will not exceed 
300 ppm. The total halide, iron, and low melting point element content of the electrolyte for 
electrochemical etching (if used) will also conform to the above limits. Control of the constituents of the 
coatings applied to surfaces such as the vault storage tube will ensure that the ISF canister will not be 
adversely affected by contact with the external coating materials. Markers used on components of the ISF 
canister must also satisfy the above limits. 


Housekeeping procedures for ISF canister loading and storage will ensure that coatings prevent 
substantial contact between the ISF canister and ferritic steel components. Substantial contact is defined 
as rubbing, scraping, or abrasion of the stainless steel surfaces of the ISF canister by ferritic steel 
components. Such contact could embed ferritic steel material in the surface layer of a stainless steel 
component and provide an initiation site for pitting corrosion. Incidental contact with ferritic materials 
such as bumping, touching, or gripping (without visible denting of the gripped surface) will not embed 
significant ferritic material in the surface of the stainless steel ISF canister. 


This approach implements a material “start clean, stay clean” policy similar to the approach used for the 
exterior of some large commercial storage cylinders. The ISF canisters are manufactured with process 
controls that exclude ferritic steel materials (such as steel wool) and halogens (in detergents and markers). 
The ISF canister exterior must then be maintained free of contaminants that could be introduced through 
contact with components of the storage system through handling, or by long-term contact in a storage 
vault tube. 
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The ISF canister design requires that coatings be low-halogen and also contain only small quantities of 
several other elements. This specification ensures that coatings used to protect ferritic steels (such as 
PA-21, a black etching primer used in nuclear applications as a protective coating) like the inside of the 
storage tube will not adversely affect the ISF canister if traces of the coating transfer to the outside of the 
ISF canister. 


Furthermore, abrasion of the ISF canister surface by ferritic steel components will be avoided where 
necessary by using stainless or stainless-steel-clad components. Components that do not contact the ISF 
canister in an abrasive fashion, such as a cradle for movement of an unloaded canister in the facility may 
be coated with PA-21 or similar. 


The means of preventing ISF canister exterior surface contamination are summarized below based upon 
the contact environment. Stainless steel components may be used in place of clad or coated ferritic steels 
for less demanding environments. 


ISF Canister Exterior Surface Handling Environments 


Contact Environment Protection Requirements 
General handling Wrap canister in protective film; cover lifting chains with protective 


sleeves. 
Gripping high risk/high wear  From either stainless steel or hard plate (chrome or nickel), make cask 


collet jaws to provide protective layer. 
High risk/high wear areas Make from stainless steel, cover surface with stainless steel, stainless 


steel rubbing strips or hard plate surfaces. CCA new canister port, CHM 
18-inch diameter bore, load/unload port. 


Low risk or low wear areas Paint 


Flammable Gas Generation 


The ISF canister and baskets are designed to prevent the production of flammable gases by chemical or 
galvanic reactions by appropriate selection of materials, coatings and storage environment. The ISF 
canister, basket, and fuels are loaded dry in the FPA and are not subject to water immersion and resulting 
chemical reactions. 


The fuel chemistry analysis of the TRIGA, Peach Bottom and Shippingport Type IV and Type V fuels 
evaluated the formation of flammable mixtures as a result of radiolysis. The results of the analysis are: 


• While chemical reactions are identified that result in production of flammable gases (H2, CO, and 
CH4), rates of reaction are sufficiently slow to eliminate concerns for thermal stability or rapid 
generation of flammable gas mixtures during drying and handling for all three fuel types. 


• Of the three fuel types, only Peach Bottom core 1 fuel has a combination of known fuel failure, 
potential container failure, and material type (graphite and dicarbide fuel) that some flammable gas 
(CH4) may have accumulated while in storage at INL, but the amount present in a container cannot be 
flammable because it is physically limited by the concentration of water vapor that leads to its 
formation.  
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Neither radiolysis nor chemical reactions are expected to produce a flammable atmosphere in any of the 
canisters during the 40-year interim storage period. Good fuel condition and low moisture content serve to 
inhibit the formation of hydrogen, while low oxygen concentration precludes formation of a flammable 
environment. 


• The decay power of Shippingport reflector modules is not sufficient to generate appreciable 
amounts of hydrogen. Over the 40-year interim storage period, hydrogen gas concentrations may 
build up to only 2.5% in the Shippingport canisters. 


• Peach Bottom fuel lacks sufficient moisture to dissociate into a flammable mixture. Hydrogen gas 
concentration in Peach Bottom fuel canisters is estimated to be less than 1% after 40 years of 
interim storage. 


• Free pore and chemisorbed water in TRIGA fuel can potentially be present in quantities sufficient 
to generate significant amounts of hydrogen. The chemisorbed water is present in corrosion 
oxides on the fuel cladding (i.e., Al2O3•3H2O). Free pore water will only be present in significant 
quantities if the TRIGA fuel cladding is breached. TRIGA fuels to be handled at the ISF facility 
are in good condition; therefore, breached or significantly corroded cladding is not anticipated. 


Based on fuel conditions described in Contract No. DE-AC07-00ID13729 and the vacuum drying process 
used to prepare the canisters for storage, flammable hydrogen concentrations (greater than 4%) are not 
anticipated in the ISF canisters. 


As summarized above, the physical and chemical nature of the ISF project fuels are such that they may 
generate low levels of flammable gases such as hydrogen and methane due to interactions with moisture 
and other effects. The quantity of gas produced will not lead to flammable mixtures developing in the ISF 
canister, either before or after the canister has been welded and inerted.  


After the ISF canister has been welded closed, inerted and sealed, the internal atmosphere will be dry 
helium. Under these conditions the spent fuel assemblies are resident in a dry non-oxidizing atmosphere. 
The absence of moisture and of oxygen ensures that the fuel clad and/or fuel material (if it were to be 
exposed) will not react with either the internal canister atmosphere or the basket materials against which 
they rest. Therefore there are no chemistry conditions local to the stored SNF that will produce detectable 
levels of flammable gases. 


However, even though flammable gas mixtures are not expected to be produced during the fuel loading 
and canister closing operations, design features are provided and operating precautions will be taken to 
ensure that there are no consequences if flammable gases are present. The canister loading operations 
prevent flammable gas incidents by removal and prevention of gas accumulation, and monitoring for 
presence of flammable gases. 


Design Features to Preclude Formation and Build-up of Flammable Gases 


The ISF canister and baskets are fabricated mainly from stainless steel (with some aluminum). No organic 
coatings, lubricants or jointing compounds are used in their construction. The ISF canisters are designed 
for dry loading in an air environment. Because the basket cannot get wet, and because of the mainly 
stainless steel structure, no chemical reactions that affect the ISF canister and basket materials during ISF 
canister loading occur that can generate flammable gases. 
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The canister loading and closing operations are carried out in areas where there is always forced 
ventilation that will positively change the air environment around the ISF canister. The ventilation system 
will ensure that no pockets of flammable gases can collect in the working areas. 


The fabrication clearances of the shield plug in the ISF canister allow gases produced in the canister to 
vent away. The internal configuration of the basket structure is designed to ensure that moisture can be 
evacuated during vacuum drying; as a result there are vent paths in the basket to ensure that flammable 
gases cannot build up or be trapped in the basket structure. 


Canister closure operations cause the greatest risk of igniting flammable gas, as canister welding produces 
an ignition source. Before starting the ISF canister welding process the atmosphere near the canister 
shield plug will be sampled with a hand-held atmosphere monitor to ensure that flammable gases are not 
present at a level that could lead to a deflagration. 
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4.3 AUXILIARY SYSTEMS 


4.3.1 Ventilation and Off-Gas Systems 


The ventilation and off-gas system at the ISF Facility is the HVAC system, which consists of the 
following subsystems: 


• Cask Receipt Area – refer to Figure 4.3-1 


• Storage Area – refer to Figure 4.3-2 


• Transfer Area – refer to Figure 4.3-3 and Figure 4.3-4 


• Operations Area 


• Miscellaneous Areas 


HVAC systems are designed to meet the operational life expectancy of the ISF Facility. Components with 
a potentially shorter life are designed and installed to permit replacement with minimal affect on 
operations and maintain personnel exposure ALARA. Provisions are made for the routine maintenance of 
HVAC components in order to maximize their operational life. The confinement barrier established for 
the FPA and FHM Maintenance Area is shown in Figure 4.3-5. This confinement barrier, which is 
established during SNF handling operations, relies on HEPA filters to prevent the release of radioactivity 
to the environment during normal, off-normal, and accident conditions. This confinement barrier is 
further discussed in Section 4.3.1.1.1. 


4.3.1.1 Major Components and Operating Characteristics 


The HVAC system supply and exhaust fans are not required for removal of decay heat from the storage 
vault and not required to ensure the integrity of the SNF at any time during fuel handling operations. 
Decay heat is removed from the stored SNF by passive natural convection through the storage vaults. The 
inlet vents in the concrete storage vault walls and exhaust louvers in the Storage Area building are 
classified ITS. In addition, portions of the ventilation ductwork and HEPA filters that form part of the 
confinement barrier for the FPA and FHM Maintenance Area are classified ITS. The balance of the 
HVAC system is classified NITS. ITS classifications for the ISF Facility are described in Section 3.4. 


The HVAC system is designed to minimize the spread of contamination by filtration, maintain differential 
pressures between contamination control zones, and ensure that air flows from areas of low potential 
contamination toward areas of higher potential contamination. HVAC components are designed to 
provide environmental control that enable SSCs to operate within normal designed temperature 
parameters and interior temperature control for personnel comfort. The HVAC supply room, HEPA filter 
room, and HVAC exhaust room are shown on Figure 4.2-1. The filters, supply and exhaust fans are 
located in these rooms. The HVAC system is designed to: 


• prevent the accidental release of radiological hazards to the environment 


• keep personnel exposure to radiological hazards ALARA 


• maintain environmental conditions for habitability and reliable equipment operation 


• provide integrated systems that support safe operation of the facility 
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The HVAC system is designed based on the following criteria: 


• Doors, walls, ceilings, and roofs in pressure controlled areas are sealed and well insulated to 
prevent pressure loss and condensation. 


• Accurate temperature control is less important than accurate pressure control; therefore, room 
temperatures may fluctuate when a pressure upset occurs. 


• There are no special humidity requirements, so there are no provisions for humidity control. 


The codes and standards listed below provide the principal design and construction requirements for the 
HVAC system: 


• ASHRAE DG-1, Heating, Ventilating, and Air-Conditioning Design Guide for Department of 
Energy Nuclear Facilities (Ref. 4-21) 


• ASHRAE Handbook: Fundamentals (Ref. 4-22) 


• ASME N509, Nuclear Power Plant Air-Cleaning Units and Components (Ref. 4-23) 


• ASME N510, Testing of Nuclear Air Treatment Systems (Ref. 4-24) 


• ERDA 76-21, Nuclear Air Cleaning Handbook (Ref. 4-25) 


• ACGIH, American Conference of Governmental Industrial Hygienists: Industrial Ventilation – A 
Manual of Recommended Practice (Ref. 4-26) 


• SMACNA, HVAC Duct Construction Specifications (Ref. 4-27) 


4.3.1.1.1 Major Components 


The HVAC system uses either electric resistance or electric radiant heating, chilled water or direct-
expansion cooling, and direct ventilation with outside air to maintain the required inside design 
temperatures. An air-cooled chiller and water-to-water heat exchanger (outside the Operations Area 
southwest corner) provide chilled water to the HVAC air handling unit heat exchangers. The primary side 
of the heat exchanger contains a mixture of propylene glycol and water. The secondary side of the heat 
exchanger contains water. Use of the glycol mixture eliminates the need to drain the chiller and primary 
piping each winter. Chemicals are added to inhibit corrosion. The primary pump provides constant flow 
to meet chiller requirements. The secondary pump is equipped with a variable frequency drive and two-
way coil valves to conserve energy and provide improved part-load performance. 


The final Transfer Area exhaust HEPA filters, as shown in Figure 4.3-4, consist of two banks of multiple, 
modular air-cleaning units. Each filter bank contains four modular two-stage air-cleaning units, with a 
total capacity of 23,800 cfm. The design permits one air-cleaning unit to be isolated for filter replacement, 
and a clean unit to be brought on line without diminishing either the capacity or function of the entire 
system. HEPA filters are type B, nuclear grade and meet the requirements of ANSI N509 and ANSI 
N510. Filters are housed in metal enclosures with a series of pressure differential and flow instruments to 
monitor differential pressure and flow across the individual filter banks. 


Intermediate HEPA filters on exhaust ducts serving primary and secondary airborne contamination 
control zones are provided with a spare HEPA filter to allow filter changes without shutting the system 
down. HEPA filters are installed inside the FPA on the inlet to the exhaust ductwork to remove 
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radioactive particulate from the air leaving this area. These filters reduce the number of filter change-outs 
and the associated dose rate for the final filters in the HEPA filter room. These filters also serve as a 
passive confinement barrier during off-normal and accident conditions. 


Transfer Area Exhaust Filtration System 


FPA Filter Units. HEPA filters are installed on the exhaust ducts leaving the FPA. These filters are 
located inside the FPA and are designed to facilitate replacement using the manipulators. These filters 
will act as pre-filters to protect the downstream ductwork from contamination. Isolation dampers are 
provided to isolate these filters during filter changes. Filter changes will be performed remotely using a 
manipulator controlled from the operating gallery. The HEPA filters inside the FPA will not require filter 
efficiency testing since they are only being used as pre-filters. The FPA exhaust duct will be provided 
with an isokinetic sampler, external to the FPA, to assist in determining the condition and efficiency of 
FPA exhaust filters. 


Intermediate Filter Units. Additional HEPA filters are provided in other areas to protect supply and 
exhaust ductwork from contamination and to restrict backflow through the supply ducts should the room 
ever be pressurized. Filter efficiency test ports are provided on the intermediate filter units. 


Final Filter Units. A set of HEPA filters is located immediately upstream of the point where the exhaust 
air discharges to the stack. These filters are considered the final filtration point for removing radioactive 
particles from the exhaust air. Each filter unit consists of one stage of pre-filters followed in series by two 
stages of HEPA filters. HEPA filters will be type B, nuclear grade and shall meet the requirements of 
ASME N509 and ASME N510. Filters are housed in metal enclosures. Bag-in/bag-out techniques will be 
utilized as the means for filter replacement. Isolation dampers are located between parallel banks of 
HEPA filters to facilitate filter changes. Instrumentation is provided on the filter housing for monitoring 
temperatures, flow rates, and differential pressures (dust loading). Injection and sample ports are provided 
for performing in-place filter efficiency tests. 


Filter Change-Outs. The exhaust fans are designed for HEPA changes when the particulate loading on 
the filters reach levels that generate a differential pressure of 4-inches-water. When the differential 
pressure across the filter reaches this level the filters will be changed. Exhaust HEPA filters in the FPA 
will be changed when the dose associated with the filter reaches 250 mrem/hr or 4-inches-water, 
whichever occurs first. The 250 mrem/hr action level on the filter will ensure that the 500 mrem/hr limit 
on the waste containers is not exceeded. Dose rate measurements associated with the internal FPA filters 
are described in Section 7.3.4. Refer to Section 6.4.4 for a detailed discussion regarding the waste 
characteristics and volumes associated with the filters. 


Ductwork 


Supply ductwork serving airborne contamination control Zones 1 and 2 will be fabricated and installed in 
accordance with SMACNA high-pressure duct construction standards due to the pressures involved. 
Ductwork will be galvanized steel with duct liner for thermal insulation. Exhaust ductwork serving Zones 
1 and 2 will be fabricated and installed in accordance ERDA 76-21, ASME N509, and SMACNA high-
pressure duct construction standard. Exhaust ducts are sized to maintain sufficient transport velocities to 
prevent particulate contaminants from settling out of the air stream. 
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Ductwork design is based on high (Class 2) contamination levels in the ductwork between the fuel 
packaging area and the final HEPA filters, moderate (Class 3) contamination levels in other areas, and an 
operating mode in which the exhaust system is shutdown in case of an accident. Ductwork from the FPA 
to the final HEPA filters will be welded construction (Level 4) due to potential contamination. Ductwork 
from the final HEPA filters out through the stack will be welded construction due to the pressures 
involved. Ductwork in other areas will be non-welded construction (Level 2) unless welded construction 
is required due to pressures and routing. This ductwork will be fabricated and installed per SMACNA 
high-pressure duct construction standard. 


Exhaust Stack 


The exhaust stack is nominally 38 inches in diameter and approximately 80 feet high. The stack diameter 
was selected based on fan pressure and discharge velocity requirements. The exhaust height was 
calculated in accordance with the ASHRAE Handbook, Fundamentals to Ensure that Exhaust Re-
Entrainment in the HVAC System Intake Air Does Not Occur. Plume dispersion modeling was performed 
based on these parameters to ensure that radiation levels at the ISF Facility controlled area boundary do 
not jeopardize public health and safety. The exhaust stack features an isokinetic sampler and sample 
ports. Sample ports are located 90 degrees apart, a minimum of eight stack diameters above the inlet to 
the stack and a minimum of two stack diameters below the outlet. The exhaust stack is classified NITS. 
However, it is designed to withstand the effects of a seismic event to ensure that it does not fail and 
adversely affect ITS SSCs in the vicinity. 


Airborne Contamination Control Zones 


Airborne contamination control zones throughout the ISF Facility ensure that radioactive contamination is 
minimized and controlled. The ISF Facility is divided into four airborne contamination control zones, as 
shown in Figure 4.3-6 and Figure 4.3-7, based on varying degrees of potential contamination. These 
zones consist of an inner (primary) airborne contamination control zone where highly radioactive 
materials are processed; surrounded by an intermediate (secondary) airborne contamination control zone 
where some potential for radioactive release may exist; surrounded by an outer (tertiary) airborne 
contamination control zone where there is little potential for radioactive release; surrounded by the 
radiologically clean ancillary areas. Decreasing pressures between airborne contamination control zones 
maintain the airflow inward towards the primary airborne contamination control zone. 


Zone 1 (Confinement Barrier) includes the FPA and FHM Maintenance Area. Air pressures in this zone 
are maintained at the maximum negative values with respect to atmosphere so that air flows toward this 
confinement barrier. 


Zone 2 includes the operating gallery, workshop, CCA, SWPA, Solid Waste Storage Area, Liquid Waste 
Storage Tank Area, HEPA filter room, Transfer Tunnel, and cask decontamination zone. Air pressures in 
this zone are positive with respect to Zone 1 and negative with respect to Zone 3 and ambient pressure. 
This ensures that air flows from this zone towards the primary confinement barrier. 
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Zone 3 includes the Storage Area, Cask Receipt Area, and the following rooms in the Transfer Area: 
Operators Office/Equipment Room, change room, corridor outside Operators Office, New Canister 
Receipt Area, electrical room, HVAC exhaust room, ramp corridor and FHM Maintenance Area shield 
door jack screw enclosure. Contamination is not expected in these areas. These areas operate at 
atmospheric pressure (with the exception of the Operators Office, change room, and corridor, which 
operate at a pressure slightly lower than atmospheric pressure). 


Zone 4 Radioactivity will not be present in ancillary areas such as the Operations Area. The offices in the 
Operations Area are maintained at a pressure slightly higher than atmospheric pressure due to their 
proximity to the Transfer Area. Other ancillary areas are maintained at atmospheric pressure. 


Cask Receipt Area 


The Cask Receipt Area is located in Zone 3. The HVAC system flow diagram for the Cask Receipt Area 
is shown in Figure 4.3-1. The Cask Receipt Area is a radiologically clean area that operates at 
atmospheric pressure and is normally occupied during cask receipt and cask shipping operations. This 
area is heated and ventilated to ensure that the temperature is maintained above 32°F (minimum operating 
temperature for the cask receipt crane) and to provide moderate comfort for operations personnel. Unit 
heaters, wall-mounted exhaust fans, and wall-mounted intake dampers maintain design temperatures 
inside the area. Cask handling operations are suspended if the temperature in the Cask Receipt Area is at 
or below 32°F. 


The ventilation system also removes diesel fumes from the building when a truck is being loaded or 
unloaded. This is accomplished with a separate, dedicated fume collection system that captures diesel 
fumes at the exhaust pipe of the truck and directs these fumes to the outside of the Cask Receipt Area. 


Storage Area 


The Storage Area is located in Zone 3. The HVAC system flow diagram for the Storage Area is shown in 
Figure 4.3-2. The Storage Area exhaust fans are not required to ensure adequate decay heat removal from 
the stored SNF. The Storage Area fixed building ventilation includes the sixteen inlet vents in the 
concrete storage vault walls, the annular gaps between the storage tubes and the charge face encast, and 
the six fixed louvers in the Storage Area building walls that permit airflow to support natural convection 
through the storage vaults. Figure 4.3-8, Figure 4.3-9 and Figure 4.2-4 show the fixed inlet and exhaust 
vents and louvers in the storage vault walls and Storage Area building. Additional information on the 
cooling features of the storage vaults is in Section 4.2.3.2. 


The Storage Area building is a steel-framed metal-panel building that covers the storage vaults. This area 
is radiologically clean and operates at atmospheric pressure. It is normally occupied during storage vault 
loading and monitoring operations. The area is heated and ventilated to ensure that the CHM is operated 
above the minimum operating temperature of 32°F and to provide moderate comfort for operations 
personnel. Canister handling operations are suspended if the temperature in the Storage Area building is 
at or below 32°F. Electric radiant heaters, wall-mounted exhaust fans and wall-mounted intake dampers 
maintain design temperatures in the area. 


The storage vaults in the lower level of the Storage Area are radiologically clean, because of the double-
confinement barrier features of the storage tubes and canisters. These vaults operate at atmospheric 
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pressure and are not occupied. Due to the high radiation levels inside the storage vaults, there are no 
personnel access features (i.e., doors or access ports) to these areas. Supplemental heating in this area is 
not required. The ISF canisters, storage tubes, charge face, and vault structure have been designed for a 
minimum temperature of -40ºF to account for off-normal winter temperatures. 


The ventilation fans in the upper level of the Storage Area are for personnel comfort. The fans and heaters 
inside the Storage Area building are thermostatically controlled to start and stop to maintain temperature 
within operating limits. 


Transfer Area 


The Transfer Area is located in several zones. The Transfer Area HVAC system services the following 
areas (or rooms): 


• FPA 


• FHM Maintenance Area 


• CCA 


• operating gallery 


• workshop 


• HEPA filter room 


• Transfer Tunnel 


• Liquid Waste Storage Tank Area 


• SWPA 


• Solid Waste Storage Area 


• cask decontamination zone 


Transfer Area supply and exhaust air flow diagrams, nominal operating differential pressures, and flow 
quantities are shown in Figure 4.3-3 and Figure 4.3-4, respectively. The Transfer Area is served by a 
once-through system consisting of a central make-up air handling unit, final exhaust HEPA filters, and 
exhaust fans. One-hundred-percent redundant supply and exhaust fans facilitate maintenance and provide 
backup capability. The Transfer Tunnel including the cask decontamination zone also includes stand-
alone recirculation air handling units in each of these two areas to augment heating, cooling, and air 
filtration. These units reduce the size of the central air-handling unit and the required exhaust air flow 
rate. The unit in the decontamination zone receives make-up air from the Cask Receipt Area. Both units 
are provided with individual HEPA filters and continuous air monitors (CAMs). 


Outside supply air entering the air handling unit is filtered before being introduced into the Transfer Area. 
In certain areas, backdraft dampers and barometric dampers prevent flow reversal due to accidental room 
pressurization. Additionally, HEPA filters are installed in the supply air system to the FPA, FHM 
Maintenance Area, Solid Waste Storage Area, and SWPA to prevent the spread of contamination should a 
flow reversal occur in these areas. Fire dampers and tornado dampers are provided at ductwork 
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penetrations into the FPA and FHM Maintenance Area. A fire damper is provided at the ductwork 
penetration to the CCA. 


Exhaust air leaving the FPA passes though HEPA filters installed within the FPA, before merging with 
the common exhaust duct. The common exhaust air passes through two stages of HEPA filtration before 
being discharged to the atmosphere. A variable frequency drive on the exhaust fan increases fan speed to 
maintain a constant exhaust flow rate as particulate collects on the final HEPA filters. A variable 
frequency drive on the supply fan modulates fan speed as pressure control dampers open and close. 


Operations Area 


The Operations Area is located in Zone 4. The Operations Area is a radiologically clean area and operates 
at a pressure slightly higher than atmospheric pressure. It is cooled, heated, and ventilated to maintain a 
comfortable working environment and provided with enough fresh air for odor, moisture, and pressure 
control. Unit heaters, wall-mounted exhaust fans, and wall-mounted intake dampers are provided in the 
HVAC supply room, the storage room and the mechanical equipment room to maintain design 
temperatures inside these areas. 


Miscellaneous Areas 


The New Canister Receipt Area, electrical room, and HVAC exhaust room are served by individual 
heating and cooling units in each room. Room air is recirculated and outside air is not introduced directly 
into these areas. The units in the electrical room and the HVAC exhaust room are designed for year-round 
cooling due to the large amount of heat generated by motors and electrical equipment. Unit heaters offset 
the extra heat loss through open roll-up doors. The rooms are maintained at atmospheric pressure. 


The battery room is ventilated to exhaust battery fumes. A packaged cooling/heating unit serves the 
battery room. Tempered outside air is introduced into the room to make up exhaust air. A separate fan 
exhausts to the outside to ensure a constant supply of fresh make-up air in this room. 


The operators office, change room, and corridor are served by a separate heating and cooling unit. The 
central make-up air-handling unit furnishes ventilation and pressurization air. This area is maintained at a 
slightly negative pressure relative to atmosphere. 


Equipment rooms are heated and ventilated to protect equipment and to provide moderate comfort for 
personnel. Unit heaters, wall-mounted exhaust fans, and wall-mounted intake dampers are provided in the 
HVAC supply room, the storage room, and the mechanical equipment room to maintain design 
temperatures inside these areas. 


4.3.1.1.2 Operating Characteristics 


The HVAC system is designed to operate continuously throughout the year. System capacities meet or 
exceed the requirements for filtration, ventilation, heating, and cooling under normal operating 
conditions. The main supply and exhaust fans serving the Transfer Area include redundant backup fans to 
allow for periodic maintenance and duty cycling between fans and to ensure reliable performance of the 
HVAC system. Occupied areas in the secondary airborne contamination control zone are designed for a 
minimum of four air changes per hour. Room pressure controls are described in Section 4.3.1.2. 
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Normal Operating Conditions 


Table 4.3-1 provides the indoor design parameters under normal operating conditions for the areas in the 
ISF Facility. The rationale and description of the normal ambient design conditions are provided in 
Section 3.2.5.1.6. 


Off-Normal Conditions 


Failure of the HVAC systems could result in temperature changes in various areas of the ISF Facility 
reaching levels shown in Table 4.3-2 due to heat gains from solar, conduction, and internal heat loads 
unique to each area. These off-normal temperatures are based on normal site ambient maximum and 
minimum temperature conditions, as provided in Section 3.2.5.1.6. These temperatures are conservative, 
as they are based on steady-state heat transfer assumptions and do not take into account transient effects 
due to changes in outside air temperature and sun position over time. They also do not account for 
diminishing magnitude of heat transfer as inside temperature approaches outside temperature. Within 
hours of a failure of the HVAC system (assuming that it was not the result of a loss of off-site power), 
personnel would take action to secure lights and motors, which contributes to undesirable heat loading. 


Accident Conditions 


The HVAC system is not required to operate during design basis accidents. Portions of the system 
passively ensure that the confinement barriers of the FPA and FHM Maintenance Area are maintained 
during off-normal and accident conditions. Figure 4.3-5 schematically depicts the ITS and seismic 
boundaries of the HVAC system that penetrate the confinement barrier of the FPA and FHM Maintenance 
Area. Specific ITS functions of the HVAC system under external natural events and a fire event are 
provided below. 


Fire Event 


Although they are located in a room that is equipped with both fire suppression and detection systems, the 
active components (i.e., fans) of the HVAC system are not credited in the mitigation of a fire event. 
HVAC ductwork that penetrates the confinement barrier of the FPA and FHM Maintenance Area 
provides a minimum 1-hour fire barrier to prevent fires outside the confinement barrier from spreading 
into the FPA or FHM Maintenance Area. 


Smoke detectors in the FPA system exhaust duct and in the FHM Maintenance Area will shut down the 
Transfer Area supply and exhaust fans and close the electro-thermal link fire dampers in the supply and 
exhaust ductwork if smoke is detected from a fire inside the confinement barrier or the in-cell HEPA 
filters. This will minimize the spread of radioactive material outside the FPA. These dampers can also 
close due to high temperature if the fire event is in an area outside the FPA or FHM Maintenance Area, to 
prevent the fire from spreading into the confinement barrier. Low combustibility air filters will be utilized 
throughout the facility in accordance with UL 586 and UL 900 (Refs. 4-28 and 4-29). The final HEPA 
filters will have fire detectors and a deluge suppression system. Refer to Section 4.3.8 for a complete 
discussion of the fire protection and detection systems at the ISF Facility. 
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Tornado Event 


The HVAC system is not required to mitigate the effects of a design basis tornado. However, portions of 
the HVAC system provide a confinement barrier for the FPA and FHM Maintenance Area, as shown in 
Figure 4.3-5. The tornado pressure boundary is the roof, walls, and floor of the FPA and FHM 
maintenance area. The HVAC ducts penetrating this boundary are provided with spring-actuated tornado 
dampers designed to activate at a differential pressure exceeding normal operating values and to seal 
properly up to a differential pressure of 1.5 psi per NRC Regulatory Guide 1.76 (Ref. 4-30). The FPA 
supply tornado damper meets ASME AG-1 gas-tight criteria (Ref. 4-31). The tornado dampers are 
provided with locking devices to keep them closed after the tornado passes. The locking device is 
manually disengaged to return the dampers to service. Tornado dampers are installed as close to the 
primary confinement shield wall as practical and are protected from tornado missiles. 


Seismic Event 


The HVAC system is not required to function during or after a seismic event. The seismic switch 
described in Section 4.3.2 will de-energize the ISF Facility electrical distribution system including the 
Transfer Area supply and exhaust fans and local ventilation fans in the Cask Receipt Area and Storage 
Area buildings. Portions of the HVAC system that perform confinement barrier functions are designed to 
withstand the effects of the design earthquake. Figure 4.3-5 shows the seismic boundary. Ductwork that is 
considered ITS is designed to survive the effect of a design basis accident and continue to perform its 
required ITS function. A “breakaway” joint is provided at the ITS/NITS ductwork interface to protect the 
ITS ductwork. 


Flood Event 


The HVAC system is not required to mitigate a design basis flood and will be manually shut down if a 
flood occurs. HVAC equipment on the lower elevations of the ISF Facility could be submerged by 
floodwaters. The exhaust HEPA filters housings and connecting ductwork on the first floor of the 
Transfer Area are designed for airtight operation at pressures in excess of negative 10 inches water. 
However, during a flood event, the lower door seals are approximately 31 inches below the maximum 
probable flood (MPF) elevation. Therefore, the exhaust HEPA filters may have water damage. Before 
restarting the HVAC system after a flood, the interior of the housings will be inspected, cleaned, repaired, 
and leak tested. The filter elements will be changed and aerosol tested. Portions of the HVAC system that 
form a confinement barrier are above the MPF elevation. Therefore, the FPA and FHM Maintenance Area 
are protected from a design basis flood by the supply HEPA filters and in-cell exhaust HEPA filters. 


4.3.1.1.3 Maintenance 


The main supply and exhaust fans serving the transfer area are considered high maintenance items and 
will be provided with 100-percent redundant backup fans to allow periodic maintenance and duty cycling. 
The final HEPA filters will consist of multiple, modular air-cleaning units stacked one on top of the other. 
The system will be designed so that one air-cleaning unit can be isolated for filter replacement, and a 
clean unit brought on line without diminishing either the capacity or function of the entire system. 
Intermediate HEPA filters located on exhaust ducts serving primary and secondary confinement zones, 
will be provided with a spare HEPA filter to allow filter changes without having to shut the system down.  
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Instrumentation will be provided to facilitate maintenance, surveillance testing, and troubleshooting. 
Filter efficiency test ports will be provided on HEPA filters outside the FPA to allow regularly scheduled 
testing of the filters. Systems will be designed to minimize radiation exposure to operating personnel 
during maintenance on potentially contaminated equipment. 


Access will be provided for maintenance and replacement of structures and components with less than a 
40-year life span. Operations manuals, instruction books, and as-built drawings will be provided to permit 
testing, maintenance, and repair of components. Operations and maintenance personnel will receive 
training on the HVAC system and major pieces of equipment, with additional training on HVAC control 
systems. 


4.3.1.2 Safety Considerations and Controls 


HVAC system ductwork and components that provide the confinement barrier for the FPA and FHM 
Maintenance Area are classified ITS. The ITS boundary for this barrier is depicted on Figure 4.3-5. The 
fixed inlet vents in the storage vault concrete walls and the exhaust louvers in the Storage Area are 
classified ITS because they support natural circulation through the storage vault. Items that provide the 
confinement barrier are designed to maintain their integrity during accident events. Tornado dampers 
provide pressure protection for the HEPA filters. The tornado dampers will be protected from missile 
impact. 


The remainder of the HVAC system is classified NITS. However, the main supply and exhaust fans 
serving the Transfer Area must be reliable to ensure that SNF handling operations are not affected. 
Therefore, 100-percent redundant backup fans are provided to allow for periodic maintenance and duty 
cycling. The effects of loss of filter integrity are minimized through the use of local intermediate filters, 
pre-filters in the final HEPA housings, and dual HEPA filtration sections in series in the final HEPA 
housings. 


The Transfer Area supply and exhaust fans and battery room HVAC are connected to the standby motor 
control center (MCC), which can be energized by the standby diesel to ensure ventilation to these areas 
following a loss of offsite power. The HVAC control system will restart these fans automatically once the 
MCC is re-energized by the standby diesel generator after a power failure to maintain differential room 
pressures and continue filtration. However, during a power failure the heating and cooling units shut 
down and room temperatures may eventually equalize with the ambient outdoor temperature until offsite 
power is restored. 


The automated HVAC control system used at the ISF Facility is connected to the uninterruptable power 
supply (UPS) to provide pressure and temperature control during a power failure and to facilitate the 
orderly restart of the HVAC system once power is restored. The Transfer Area supply and exhaust fans 
are fed from the standby MCC, which is powered by the standby diesel generator during a power failure. 
During an off-site power failure, these fans will restart automatically and continue to run to maintain 
differential room pressures. The HVAC automatic control system is powered by a UPS to ensure orderly 
restart of the HVAC system once unit power is restored. 
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The ventilation system has smoke detectors and fire dampers to shut off fans and protect wall openings in 
the event of fire. Ductwork penetrations into the FPA have heat-activated fire dampers with electro-
thermal links that close to confine a fire in the FPA and prevent the spread of contamination through the 
ductwork. Additional information relating to the fire protection system is provided in Section 4.3.8. 


Room and area design pressures are maintained by keeping the volume of exhaust air constant while 
varying the volume of supply air. The total volume of supply air is less than the total volume of exhaust 
air, resulting in negative pressures relative to atmospheric pressure (except for occupied areas such as the 
Operations Area, which has positive pressures). Supply fans are interlocked with exhaust fans and will 
not run unless the exhaust fan is running. Redundant supply and exhaust fans are interlocked to prevent 
simultaneous operation. An automated HVAC control system monitors room pressure, initiates alarms, 
and automatically shuts down the supply fan if a positive pressure is detected in either a primary or 
secondary airborne contamination control zone. The make-up and exhaust systems maintain the design 
pressure differential between rooms. The automated HVAC control system maintains this differential 
regardless of transient effects caused by changes in atmospheric pressure, wind speed and direction 
(except tornadoes), doors opening and closing, and routine maintenance procedures. 


During fuel transfer into and out of the FPA through the cask and canister port, confinement barriers and 
area pressures are maintained by inflatable seals. An inflatable seal integral to the port engages the 
Transfer Cask adapter and canister cask outer shield ring before removal of the port plugs. During fuel 
transfer through the cask port, the confinement boundary includes the outer shield plug, the cask adapter, 
the inflatable seal, and the Transfer Cask. During fuel transfer through the canister port the confinement 
barrier includes the canister port encast, the inflatable seal, the canister outer shield ring, and canister. 
Benefits of using inflatable seals at these ports during fuel transfer include: 


• continuously maintaining the confinement barrier 


• eliminating fluctuations in airflow 


• eliminating fluctuations in area pressures 


• contamination control 


Before waste is transferred out of the FPA through the canister waste port or the process waste port, a 
shroud is placed on the underside of the respective port to minimize HVAC flow leakage and thus 
maintain proper differential pressure between the FPA and the SWPA. This ensures that the boundaries 
between the contamination control zones are maintained. If there is SNF in the FPA, the waste ports will 
not be opened unless the following conditions are met: 


• cask port is closed with the cask port plug installed 


• canister port is closed with the canister port plug installed 


• SNF in the FPA is in a designated storage location 


• HVAC system is operating 


• If the HVAC system becomes inoperable, waste transfer operations are suspended and the waste 
ports are replaced. Both waste ports must be installed before commencing fuel-handling 
operations. 
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Refer to Section 4.7.2.3 for a detailed discussion of the confinement barrier. 


4.3.2 Electrical Systems 


The electrical systems include power distribution, and instrumentation and controls. This section 
describes the major components, key operating characteristics, and safety considerations of the electrical 
systems. 


4.3.2.1 Major Components and Operating Characteristics 


4.3.2.1.1 Power Distribution System 


The electrical power distribution system, except for the seismic switch, is classified NITS and is not 
credited for mitigating any design basis accidents. The electrical distribution system is designed to de-
energize during seismic events to ensure that the fuel handling equipment is in a known safe state. The 
sensors and circuits that perform this function are classified ITS. 


The electrical power distribution system is shown on Figure 4.3-10. Electrical power to the ISF Facility is 
supplied from a utility source at 13.8 kV. A stepdown transformer converts the power to 480V, and the 
480V switchgear distributes the power throughout the ISF Facility. 


The ISF substation is within the security fence, northeast of the Transfer Area, as shown in Figure 4.1-1. 
The step-down transformer, standby diesel generator, and switchgear are at the substation. MCCs are in 
the electrical room on the first floor below the operating gallery. The UPS equipment is in the battery 
room adjacent to the electrical room. The ISF Facility standby diesel generator provides backup power to 
specified loads if the main utility source becomes unavailable. 


A seismic switch, consisting of seismic sensors in conjunction with redundant load interrupter switches 
installed in the 13.8 kV feed to the stepdown transformer will automatically de-energize the normal and 
standby power supply. Local power sources will continue to provide power to essential instrumentation 
and equipment. 


The power distribution system includes the following major components: 


• Unit Substation. The unit substation consists of a main stepdown transformer, switchgear, and 
metering. The stepdown transformer is oil-filled, 13.8 kV, 480/277V delta/wye-grounded, with a 
rated capacity of 3750 kVA. The transformer meets Factory Mutual Standard FM Loss 
Prevention Data Sheet 5-4 (Ref. 4-32) requirements. The switchgear distributes the power to the 
MCCs in the facility electrical room. The unit substation is in the switchyard. 


• Standby Generator. Standby power is provided by a 500-kW diesel generator with fuel tank and 
automatic transfer switch. The generator fuel tank is sized to provide a minimum of 24 hours of 
generator run time. Longer run times can be obtained by bringing in additional fuel from offsite. 
The automatic transfer switch will switch from line power to generator power automatically, and 
may be set to manual or automatic switchback upon return of line power. The generator complies 
with NFPA 70, National Electrical Code Article 702, Optional Standby Systems (Ref. 4-33). The 
standby generator is in the switchyard. 
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• Motor Control Centers. Five MCCs provide the primary power distribution in the ISF Facility. 
Three MCCs provide power to the major facility equipment. During a design basis seismic event 
or loss of line power, power to these MCCs is interrupted. The standby MCC provides power to 
selected equipment and systems as shown in Figure 4.3-11. During loss of line power, the standby 
generator supplies power to the standby MCC, and during a design basis seismic event, power is 
interrupted. A spare MCC is provided for future use. The MCCs are in the electrical room. 


• Seismic Switch. The seismic switch consists of sensors to detect a design basis seismic event and 
pad-mounted, load interrupter switchgear that interrupt power to the step-down transformer. The 
sensors are tri-axial force balanced accelerometers calibrated to detect the ground response within 
an adjustable frequency (1 Hz to 15 Hz) and to trip at an adjustable magnitude (0.05g to 0.5g). 
Each set of accelerometers consists of three units arranged in an X-Y-Z axis configuration. There 
are three of these sets, and two-out-of-three voting logic is implemented to reduce the likelihood 
of spurious trips. The seismic switch is powered by a dedicated uninterruptable power supply 
(UPS). When a design earthquake event is detected, the redundant load interrupters open and 
interrupt power to the step-down transformer. A signal is sent to prevent the diesel generator from 
starting or to trip the diesel if it is already running. The switches remain open until manually reset 
in accordance with facility operating procedures. The seismic switches and the load interrupter 
switchgear are in the electrical switchyard. 


• Uninterruptable Power Supply. The UPS conditions the electrical power and provides a “clean” 
source for those electrical components sensitive to power surges and system fluctuations. The 
UPS is an on-line battery-backed system that provides constant power under normal conditions 
and continues to provide power in loss-of-power events for a minimum of 90 minutes. The loads 
connected to the UPS, shown on Figure 4.3-12, include emergency stop circuits, non-emergency 
communication system, canister closure area personal computer, radiation monitoring, HVAC 
automatic control system, CCTV and the integrated data collection system (IDCS). The UPS is 
rated at a minimum of 25 kVA capacity and is in the battery room. 


The power distribution system is designed for normal, off-normal, and design basis event conditions. 
Under most conditions, the power distribution system is fully functional and systems that require 
electrical power are supplied. In certain off-normal or design basis event conditions, the power 
distribution system is allowed to experience controlled interruption, and facility electrical equipment and 
systems enter a passive, safe state. To implement this design, commercial power is received from a single 
feed from the INL power grid, and divided into three sources to power the facility, each with its own 
characteristics. 


The normal source is supplied directly from the unit substation and distributed to the four normal MCCs. 
The normal source is interrupted upon loss of utility power or a design basis seismic event. If power is 
interrupted by the seismic load interrupters, it will stay off until manually reset. If power is lost for other 
reasons, the normal MCCs will be automatically re-energized when power is restored. Controls for 
individual equipment are designed to remain off until an operator restarts them. The loads connected to 
the normal source are designed to enter a safe state on loss of power and remain safe until power resumes. 


The normal/standby source is supplied from the unit substation and routed through the standby generator 
automatic transfer switch before distribution to the standby MCC. Under normal conditions, the automatic 
transfer switch is aligned to the unit substation. Upon loss of power, the standby generator will 
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automatically start and the automatic transfer switch will align to generator power. The generator will 
take a short time to come up to speed before being placed online; therefore, loads on the normal/standby 
source will experience a momentary loss of power. 


The normal/UPS source is derived from the normal/standby source, and routed through the UPS before 
distribution via the UPS distribution panel. Under normal or loss of utility power conditions, the 
normal/UPS source receives power from the unit substation or the standby generator. Power is passed 
through the UPS, ensuring that the UPS batteries are fully charged and that power is conditioned to 
remove any incoming surges or spikes and distributed to selected loads. 


There is no emergency power system in the ISF Facility, which implements a “fail safe when de-
energized” philosophy. Equipment and systems are designed to enter a passive, safe state on loss of power 
and stay safe until normal conditions are restored. The systems or components that require emergency 
power have local battery packs. 


4.3.2.1.2 Instrumentation and Controls 


Key instrumentation and control systems include the radiation monitoring system, the HVAC control 
system, the IDCS, and the facility interlocks. 


Radiation Monitoring System. The radiation monitoring system includes criticality monitoring, area 
radiation monitoring, continuous air monitoring, record sample air monitoring, and personnel 
contamination monitoring. The radiation monitoring system for the ISF Facility is described in 
Section 7.3.4. 


Heating, Ventilation, and Air Conditioning Controls. The HVAC control system employs a direct 
digital controller to monitor operating parameters, adjust system performance, and issue status and alarm 
signals. The HVAC control system is powered from the normal/UPS source. Additional information on 
the HVAC control system is provided in Section 4.3.1. 


Integrated Data Collection System. The IDCS provides centralized acquisition, processing, and storage 
of ISF Facility data. The IDCS receives data from the following sources: 


• Major equipment provides system status signals such as power on or equipment fault. Equipment 
fault is an indication that one or more equipment faults have been triggered or that the equipment 
is outside its normal operating parameters, such as an end-of-travel limit switch tripped without 
identifying the exact fault condition. Specific information is available at the equipment operating 
consoles. 


• Radiation monitors provide discrete signals indicating when a set point has been exceeded, and in 
selected cases, a continuous analog signal indicating the monitored radiation level. 


• The fire alarm system provides an input indicating the occurrence of any off-normal fire 
detection/suppression condition. 


• The HVAC control system provides status information on key HVAC system parameters. The 
interface to the IDCS is for status information only. The HVAC system is controlled from the 
dedicated HVAC digital control system.  
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• The liquid waste collection system provides a high-level indication for each of the storage tanks. 


The IDCS is powered from the normal/UPS source. The IDCS is in the operations monitoring room. 


Facility Interlocks. The ISF Facility interlock system coordinates control signals between systems and 
components. Each status or alarm signal produced by one SSC and required by the operating logic of a 
second SSC is defined and managed by the facility interlocks. It is a distributed system without central 
equipment or a primary location. Facility interlocks are described in Chapter 5, Operation Systems. 


4.3.2.2 Safety Considerations and Controls 


The ISF Facility’s “fail safe when de-energized” philosophy ensures that fuel handling equipment enters a 
passive, safe state upon loss of power, by providing mechanical safety features independent of the 
electrical systems. This allows the power sources, the associated distribution equipment, and most of the 
electrical control systems to be classified NITS. However, the seismic switch and associated components 
are classified ITS to ensure equipment is de-energized during a seismic event. The seismic switch 
interrupts power from the normal and normal/standby sources at the onset of a design basis seismic event, 
thus forcing the fuel handling equipment into a passive, safe state. The seismic sensors are configured to 
provide a positive signal to the load interrupter switchgear. Upon actuation of the switch (two-out-of-
three voting), the positive signal is interrupted, resulting in both load interrupter switches opening. 
(Redundant load interrupters are provided in the event one fails to open.) This configuration is 
independent of the power supply to the seismic sensors or seismic line switch, because a power failure 
will result in a spurious trip of the load interrupter switches instead of a failure to trip. The seismic 
sensors, the seismic load interrupters, and the connections to the power feeds are ITS. 


4.3.3 Air Supply Systems 


There are two types of air supply systems at the ISF Facility: (1) compressed air, and (2) breathing air. 
The compressed air and breathing air systems are not used to operate any of the fuel handling equipment 
and are not credited for accident mitigation. The compressed air system is classified NITS. With the 
exception of the breathing air piping that penetrates the confinement boundary to the FHM Maintenance 
Area (including the outside isolation valve), the breathing air system is classified NITS. The breathing air 
supply line from the isolation valve through the wall to the FHM Maintenance Area is classified as ITS 
since they are part of the FPA confinement boundary. 


4.3.3.1 Compressed Air 


Compressed air is required for building operations, port seal inflation, maintenance activities, and 
operation of pneumatic tools inside the ISF Facility. An air compressor and associated equipment are in 
the mechanical equipment room. There are compressed air connections throughout the facility where 
operations and maintenance activities occur. These areas include: 


• Cask Receipt Area 


• mechanical equipment room 


• workshop 


• Operators Office and Equipment Area 
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• operating gallery 


• HEPA filter and HVAC exhaust room 


• New Canister Receipt Area 


• Solid Waste Storage Area 


• SWPA 


• Liquid Waste Storage Tank Area 


• Transfer Tunnel 


• CCA 


The compressed air system boundaries are limited to the ISF Facility. The system boundary extends from 
the upstream side of the air compressor inlet filters to the piping and the service air connections (i.e., 
shutoff valves or hose quick disconnects) throughout the facility. 


Air pressure is indicated at various points throughout the system, with a “compressed air trouble” alarm in 
the control monitoring station. The compressed air system also incorporates check valves upstream of the 
air receiver to prevent blowdown of the receiver when the compressor unloads. The compressed air 
system relies on the HVAC system to provide adequate ventilation for compressor air intake in the 
mechanical equipment room. The compressed air system operates on 480 VAC electrical power for the 
compressor and 230 VAC for the air dryer. 


The major components of the compressed air system are an air compressor, aftercooler, refrigerant dryer, 
air receiver, coalescing filter, and service header. The compressed air system is designed to supply dry 
compressed air. Nominal operating pressure is 100 psig. The compressor is a single-stage, reciprocating, 
commercially available compressor. It is complete with an air-cooled aftercooler and a relief valve to 
protect from over-pressurization. The compressor is designed in accordance with ASME B19.3, Safety 
Standard for Compressors for Process Industries (Ref. 4-34). 


The compressor can be started or shut down either manually or automatically. Automatic compressor 
start-up and shutdown is by low- and high-pressure signals from the air receiver. The compressor controls 
also provide for compressor load/unload, based on air receiver pressure, with automatic shutdown after 
running unloaded for a period of time. 


The compressor motor is a standard three-phase motor having a National Electrical Manufacturers 
Association (NEMA) T-frame. The motor starter includes thermal relays to protect the motor windings 
and has a NEMA-rated enclosure. The air receiver has a capacity of 400 to 600 gallons. The receiver is 
designed and fabricated to the requirements of ASME Boiler and Pressure Vessel Code, Section VIII, 
Division 1. 


The compressed air system piping is designed in accordance with ASME B31.9, Building Services Piping 
(Ref. 4-35) and ASME B31.1, Power Piping (Ref. 4-36). 
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4.3.3.2 Breathing Air 


Breathing air provides personnel protection for those areas inside the ISF Facility that may have the 
potential for airborne radioactive contaminants. A high-pressure air compressor, pressure reducing 
stations, air dryer, and self-contained breathing apparatus (SCBA) cylinder charging equipment are in the 
mechanical equipment room. Breathing air manifolds are in the following areas: 


• Transfer Tunnel 


• Transfer Tunnel Decontamination Zone 


• Solid Waste Processing Area 


• Solid Waste Storage Area 


• Liquid Waste Storage Tank Area 


• operating gallery 


• FHM Maintenance Area 


• Operators Office and Equipment Area 


• CCA 


• New Canister Receipt Area 


The breathing air system boundaries are limited to the ISF Facility. The system boundary extends from 
the upstream side of the breathing air compressor inlet filters to the piping and breathing air hose quick-
disconnect manifolds throughout the facility. The breathing air system relies on the HVAC system to 
provide adequate ventilation for compressor air intake in the mechanical equipment room. The breathing 
air compressor is powered from the 480 VAC electrical distribution system standby MCC, which can be 
energized by the standby diesel generator. A local trouble alarm is at the breathing air compressor and a 
remote alarm is in the control monitoring station. 


The breathing air system supplies compressed air for human respiration. The breathing air system is 
charged by a high-pressure compressor capable of delivering a minimum 9 standard cubic feet per minute 
(scfm) of compressed air at 5000 psig. The compressor and related purification equipment are capable of 
processing air to a quality verification level of at least Grade D in accordance with Compressed Gas 
Association, Inc. (CGA) G-7-1990, Compressed Air for Human Respiration (Ref. 4-37) and produces air 
free of moisture, odor, and at acceptable carbon monoxide and hydrocarbon limits. The breathing air 
flow-rate at each breathing air manifold station can provide at least 24 scfm. The number of personnel per 
manifold may be restricted, so that the available flow rate is not exceeded. 


High-pressure storage bottles provide continuous air in the event of a power failure or compressor failure 
while the breathing air system is in use. These bottles will provide approximately 60 minutes of air at a 
rate of 24 scfm. The breathing air system is also capable of charging SCBA cylinders. For personnel 
protection, the SCBA cylinders are inside a Class 2 containment enclosure during the filling process 
(personnel remain outside the enclosure). This enclosure is in the mechanical equipment room. 
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4.3.4 Steam Supply and Distribution System 


The ISF Facility does not contain a steam supply and distribution system. 


4.3.5 Water Supply System 


The potable water system provides drinking water and other domestic needs at the ISF Facility site. 
Potable water is also used as a source of make-up to the chilled water loop in the HVAC system. 


4.3.5.1 Major Components and Operating Characteristics 


Potable water is provided by INTEC as described in Section 4.1.2.3.1. The potable water system 
boundary begins at the ISF/INTEC interface tie-in connection on the west side of the ISF Facility site, as 
shown on Figure 4.1-1 and terminates downstream at each plumbing fixture or equipment that potable 
water is supplied to. The potable water system is designed to meet the expected demand for service and 
support facilities of the ISF Facility, Administration Center, Visitor Center, and Guard House. 


4.3.5.2 Safety Considerations and Controls 


The potable water system is not relied on to mitigate any accidents and does not support any functions 
that are ITS. The potable water system is classified NITS. 


4.3.6 Sewage Treatment System 


The ISF Facility does not have a sewage treatment system. The sanitary wastewater system at the ISF 
Facility begins at floor drain or a potable water end device drain (e.g., sink, toilet, etc.) and extends to the 
tie-in location on the west side of the ISF Facility site boundary, as shown in Figure 4.1-1. 


4.3.6.1 Sanitary Sewage 


The sanitary wastewater system at the ISF Facility is designed in accordance with the Uniform Plumbing 
Code and is classified NITS. Drainage and sewage are collected from the Operations Area, 
Administration Center, Guard House and Visitor Center, and gravity fed to the INTEC sanitary sewer 
line. The decontamination shower and floor and equipment drains in contaminated or potentially 
contaminated areas, do not drain into the sanitary wastewater system. Bathroom fixtures are outside of 
areas that could be contaminated. Therefore, contamination of the sanitary sewer system is not likely. 


4.3.6.2 Chemical Sewage 


The ISF Facility does not have a chemical handling or treatment system. 


4.3.7 Communications and Alarm Systems 


The communication and alarm systems at the ISF Facility consists of three functional groups: 


• non-emergency communications (phone and voice paging) system 


• fire detection, alarm and emergency communication system 


• data communication (broadband LAN) system 
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4.3.7.1 Major Components and Operating Characteristics 


Non-emergency communication system consists of a network of telephones, fax machines and voice 
paging devices in designated areas of the ISF Facility. The non-emergency communication system is 
linked to the INTEC telephone network, which is tied into the local telephone company network. 


Fire detection, alarm and emergency communication system consists of fire detection devices (smoke 
detectors, manual pull stations, flow switches, heat detectors) throughout the ISF Facility; a central fire 
alarm panel in the Operations Monitoring Room of the ISF Facility; audible and visual alarms throughout 
the ISF Facility; and a fiber optic cable network and telephone network connecting the ISF Facility, 
INTEC Facility, and the INL Central Fire Alarm Station. This system also includes emergency fire phone 
sets at the main entry to the ISF Facility Operations Area. 


Data communication system consists of a broadband LAN throughout the ISF Facility operational areas, 
connected to the INTEC network via a T-1 line. 


4.3.7.2 Safety Considerations and Controls 


ISF Facility communication systems are classified NITS. The fire detection, alarm, and emergency 
communication system is normally powered from the standby MCC, which is energized by the standby 
diesel generator in the event of a loss of offsite power. The fire detection, alarm and emergency 
communication system also has a dedicated UPS to ensure function during a loss of offsite power until 
either the standby diesel generator or normal power is aligned to the standby MCC. The dedicated UPS is 
sized for 24-hour standby and 15-minute full alarm capability. The non-emergency communication 
system is connected to the ISF Facility UPS, which also is powered by the standby MCC. 


4.3.8 Fire Protection System 


The fire protection system is designed in accordance with ANS 57.9, Design Criteria for an Independent 
Spent Fuel Storage Installation (Dry Type), NFPA 801 (Ref. 4-38) and other applicable NFPA codes and 
standards; NUREG-1567, Standard Review Plan for Spent Fuel Dry Storage Facilities, and 
NUREG 0800 Branch Technical Position 9.5-1 (Ref. 4-39). When deviations from these documents are 
identified, they will be evaluated and approved by a qualified fire protection engineer as described in 
Section 4.3.8.5 prior to operation of the facility. 


4.3.8.1 Design Bases 


The design bases for the ISF Facility fire protection system are as follows: 


• ITS SSCs are designed and located to minimize, consistent with other safety requirements, the 
fire hazard so that they can continue to perform their safety functions effectively under credible 
fire exposure conditions. Non-combustible and heat-resistant materials are used wherever 
practical throughout the facility, in accordance with 10 CFR 72.122(c), Protection Against Fires 
and Explosions. 


• The fire protection system is designed to minimize the effects of fires on ITS SSCs in accordance 
with 10 CFR 72.122(c). The system is designed to provide capability to fight the fire hazard 
encountered throughout the ISF Facility. 
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• The fire protection system is designed so that pipe rupture or inadvertent operation of the fire 
suppression system does not cause loss of function of ITS SSCs, in accordance with 10 CFR 
72.122(c). 


• Procedural controls are established to limit the use of combustible materials and to prevent 
potentially hazardous situations.  


The ISF Facility contains five buildings, a diesel generator area, and a switchyard that have been 
evaluated for worst-case postulated fires and the potential affect on ITS SSCs. Only one of these 
buildings (the ISF building) and the switchyard contain ITS SSCs. The remaining five buildings or areas 
(diesel generator area, Guard House, Administrative Center, Storage Warehouse, and Visitor Center) do 
not contain ITS SSCs. The ISF Building, where the SNF is received, packaged, and passively stored, and 
radioactive waste is processed/stored, does contain ITS SSCs. In addition, the switchyard area contains a 
seismic switch system that will isolate electrical power from the facility to ensure a safe configuration for 
the electrically operated ITS SSCs. 


The ISF building and switchyard area have been evaluated to address both internal fire hazards and the 
potential affect on nearby ITS SSCs. The remaining four buildings were evaluated for possible exposure 
fire hazards to the ISF building and switchyard where the ITS SSCs are located. Personnel egress from 
each building has been addressed in the design for life safety. 


The ISF building is a two-story, steel-frame Uniform Building Code (UBC) (Ref. 4-63) Type II non-
combustible structure. Portions of the building that contain the SNF handling and storage processes are 
constructed of reinforced concrete for shielding and tornado missile protection, which are equivalent to a 
UBC Type I fire resistive facility. The building consists of three sub-buildings interconnected by a 
partially below-grade tunnel. Figure 4.3-13 and Figure 4.3-14 show the fire protection features of the first 
and second floors, respectively. The three sub-buildings include the Cask Receipt Area, Storage Area, and 
Transfer Area plus the connecting Transfer Tunnel. The type of combustible materials within the facility 
are typical Class A or B combustibles and do not involve dangerous or hazardous combustibles. 


For fire hazards evaluation purposes the ISF Facility is divided into three fire areas: 


• Fire Area 1: areas where SNF is removed from the Transfer Cask, processed into the new storage 
canisters, and prepared for storage 


• Fire Area 2: areas where the SNF is passively stored 


• Fire Area 3: the remaining portions of the ISF building, support structures, and yard area 


Overall, the scenarios for a fire in any location inside or outside of the ISF building considering the fire 
location, intensity, and duration have been analyzed and are discussed in Section 8.2.4.4. The analysis 
determined that the postulated fires would not compromise the ITS SSCs. 


4.3.8.1.1 Fire Area 1 – Fuel Handling Areas 


Fire Area 1 consists of the Transfer Tunnel, FPA, and CCA. The Transfer Tunnel is composed of two fire 
zones, the FPA consists of two fire zones, and the CCA is a single fire zone in this fire area. Each one of 
these rooms will be discussed in detail below. The purpose of this fire area boundary is to isolate ITS fuel 
handling and processing activities from all credible fires outside this area. 
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Transfer Tunnel Fire Zone 


The Transfer Tunnel is a single-story, reinforced-concrete structure located partially below grade and 
connects the Cask Receipt Area, Storage Area, and Transfer Area. The structure has a fire resistive 
construction with a minimum 3-hour fire rating for the structural components. The doors, HVAC 
penetrations, electrical penetrations, and other non-structural components are constructed and maintained 
for a 1-hour fire rating. The Transfer Tunnel consists of two fire zones, the south end where 
decontamination activities occur, and the north end where transfer activity between the Storage Area, 
FPA, and CCA occurs. 


The postulated fire loading in the south end of the Transfer Tunnel is associated with cask 
decontamination activities. Administrative controls on the quantity of materials in this area and the use of 
flammable storage cabinets limit the potential fire loading in this area. The postulated combustibles 
consist of Class A and B materials that constitute a low combustible loading. A low combustible loading 
is defined as an equivalent combustible loading of less than 30 minutes. The 1-hour fire-rated barrier 
between this and surrounding areas will ensure adequate fire protection from this fire loading. Fire 
detection is located in this area. Automatic fire suppression is not provided in this area due to the 
radiological considerations of potentially spreading contamination by spraying contaminated casks or 
trolleys operating in the area. 


The postulated fire loading in the north end of the Transfer Tunnel is associated with operation of the cask 
trolley and canister trolley. The postulated combustibles consist of class A and B materials that constitute 
a low combustible loading. The 1-hour fire-rated barrier between this and surrounding areas will ensure 
adequate fire protection from this fire loading. Fire detection is located in this area. Automatic fire 
suppression is not provided due to the radiological considerations of potentially spreading contamination 
by spraying contaminated casks or trolleys operating in the area. 


Fuel Packaging Area Fire Zone 


The FPA is a tall, single-story, reinforced-concrete structure in the center of the Transfer Area north of 
the Storage Area. The structure has a UBC Type I fire resistive construction with a minimum 3-hour fire 
rating for the structural components. The doors, shield windows, HVAC penetrations, electrical 
penetrations, and other non-structural components are constructed and maintained for a 1-hour fire rating 
or an equivalency evaluation is performed if listed components are not available. The FPA consists of two 
fire zones, the west end where crane maintenance is performed and the east end where fuel packaging 
activity is performed. 


The postulated fire loading in the west end of the FPA is associated with crane maintenance activities. 
Administrative controls on the quantity of materials in this area limit the potential fire loading. The 
postulated combustibles consist of Class A and B materials that constitute a low combustible loading. The 
1-hour fire-rated barrier, including equivalency evaluated components, between this and surrounding 
areas will ensure adequate fire protection from this fire loading. Fire detection is located in this area. 
Automatic fire suppression is not provided due to the radiological considerations of potentially spreading 
contamination outside this area. 


The postulated fire loading in the east end of the FPA is associated with fuel packaging activities. 
Administrative controls on the quantity of materials in this area will limit the potential fire loading. The 
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postulated combustibles consist of class A and B materials that constitute a low combustible loading. The 
1-hour fire-rated barrier, including equivalency evaluated components, between this and surrounding 
areas will ensure adequate fire protection from this fire loading. Fire detection is provided from outside 
the zone by pulling an air sample from within the zone due to the high postulated radiation dose potential 
in this area. Automatic fire suppression is not provided in this area due to the radiological and criticality 
considerations associated with this area. 


Canister Closure Area Fire Zone 


The CCA is a single-story, reinforced-concrete structure above the north end of the Transfer Tunnel near 
the center of the Transfer Area. The structure has a fire resistive construction with a minimum 3-hour fire 
rating for the structural components. The door, window, HVAC penetrations, electrical penetrations, and 
other non-structural components are constructed and maintained for a 1-hour fire rating or, if 1-hour rated 
components are not available, an equivalency evaluation is performed. The CCA is a single fire zone in 
this fire area. 


The postulated fire loading in the CCA is associated with electric arc welding of the fuel canister and 
weld inspection activities. Administrative controls on the quantity of materials in this area and the use of 
flammable storage cabinets limit the potential fire loading. The postulated combustibles consist of Class 
A and B materials that constitute a low combustible loading. The 1-hour fire-rated barrier between this 
and surrounding areas will ensure adequate fire protection from this fire loading. Fire detection is located 
in this area. Automatic fire suppression is not provided due to the radiological considerations associated 
with this area. 


4.3.8.1.2 Fire Area 2 – Storage Vaults 


Fire Area 2 consists of the ISF building structure identified as the storage vaults. The storage vaults are 
composed of two fire zones. This fire area boundary isolates the ITS passive SNF storage area from 
credible fires outside this area. 


Storage Vaults Fire Zone 


The storage vaults are a single-story, reinforced-concrete structure at grade level between the Cask 
Receipt Area and the Transfer Area with the Transfer Tunnel running along the west side. The structure 
has a fire resistive construction with a minimum 3-hour fire rating for the structural components. 
Penetrations into this area are constructed and maintained for a 1-hour fire rating except for the air inlets 
in the exterior walls and charge face annular gap around each storage tube. The storage vaults area 
consists of two fire zones, the west end (Storage Vault 1 area) and the east end (Storage Vault 2 area). 
From a fire protection standpoint the two vaults are essentially the same, with a reinforced-concrete 
barrier separating the two sides. 


This area is a high radiation area that is not accessible once SNF is stored in the storage tubes. The 1-hour 
fire-rated barrier between this and surrounding areas will ensure adequate fire protection from exposure 
fire hazards outside this area. The exterior wall air inlets are located approximately 20 feet above ground 
level at the top of the storage vaults. For shielding purposes these openings are designed with a right-
angle turn down into the storage vaults. The height above grade, indirect path of the opening, and lack of 
credible combustible material on either side of the opening will ensure adequate protection from fire 
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propagation. The small annular gap (~1/4 inch) around each storage tube through the 2-1/2 foot thick 
charge face provides a circuitous path that mitigates the postulated fire hazard from the second floor 
storage area. A low combustible loading would occur in the storage vaults even if the single largest Class 
B fluid container inventory from the second floor storage area entered through the annular gaps. No 
credible ignition source exists in the storage vaults. As a result of the inaccessibility and lack of a credible 
fire hazard in the storage vaults, fire detection or fire sprinklers are not provided in this area. 


4.3.8.1.3 Fire Area 3 – Remaining Areas 


Fire Area 3 consists of the remaining ISF building structures, diesel generator area, Visitor Center, Guard 
House, Administrative Center, Storage Warehouse, switchyard area, and general yard area. The ISF 
building structures included in Fire Area 3 consists of 15 fire zones; each of the remaining 
structures/areas are included in a single fire zone for the yard area. This fire area boundary isolates Fire 
Areas 1 and 2 from exposure fire hazards, minimizes the potential for radiological releases, and separates 
low but significant fire loading zones from these areas. 


Cask Receipt Area (Fire Zone 1) 


The Cask Receipt Area is a tall, single-story, steel-frame structure on the south side of the Storage Area 
and is attached to the Transfer Tunnel. The structure has a non-combustible construction with no fire 
rating on the exterior walls. ITS SSCs in this area include the Transfer Cask, cask trolley, and 155-ton 
hoist used to move the Transfer Cask to the cask trolley. 


The postulated fire loading in the Cask Receipt Area is associated with transport vehicle receipt and 
hoist/crane handling of the Transfer Cask for movement into the Transfer Tunnel (Fire Area 1). 
Administrative controls on the quantity of materials in this area limit the potential fire loading. The 
postulated combustibles consist of Class A and B materials that constitute a low combustible loading. The 
1-hour fire-rated barrier between this area and the Transfer Tunnel south wall will ensure adequate fire 
protection from this fire loading. Fire detection is located in this area. Automatic dry pipe fire suppression 
is provided in this area. 


Administrative controls will ensure that the transport vehicles or other flammable-fueled vehicles will be 
either excluded from the area or administratively limited in fuel capacity. The Transfer Cask and cask 
trolley are inherently fire resistant and will not be adversely affected by a postulated diesel fuel or lube oil 
fire. The fire resistance of the Transfer Cask is described in Appendix A. 


The structural supports for the 155-ton hoist will be protected by 1-hour fire proofing at the floor level up 
to a height determined by the Fire Hazards Analysis (FHA) to ensure that direct flames will not overheat 
the ITS structural elements. The postulated diesel fuel spill will drain to the west side of the structure, 
because of floor slope, and collect in a trench provided to contain these fluids. The postulated fire could 
temporarily burn around the Transfer Cask, cask trolley, or structural support members for the 155-ton 
hoist, but would quickly pool in the drainage trench. Postulated lube oil spills between the cask trolley 
rails would run along the rail slots and minimize the size of the spill by confinement to the narrow rail 
slots. The separation by drainage to the trench or within the rail slots will further minimize the heating 
affect of this postulated fire. In addition, the volume of the Cask Receipt Area will ensure that significant 
heating of structures above this floor-based fire will not occur, due to the relatively small size of the 
postulated worst-case fire. 
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Second Floor Storage Area (Fire Zone 2) 


The second floor Storage Area is an upper-level, single-story, steel-frame structure between the Cask 
Receipt Area and the Transfer Area above the storage vaults. The structure has a fire-resistive 
construction for the first 9 feet of wall elevation. The remainder of the structure is steel-framed non-
combustible construction with no fire-rated barriers except the floor, addressed in the Storage Vaults 
description. ITS SSCs in this area include the CHM and SNF canisters during transfer operations to the 
storage vaults. ITS SSCs also include the charge face cover plate, encasts, and Storage Area fixed 
ventilation. 


The postulated fire loading in the second-floor Storage Area is associated with CHM operation. 
Administrative controls on the quantity of materials in this area limit the potential fire loading. The 
postulated combustibles consist of Class A and B materials that constitute a low combustible loading. The 
1-hour fire-rated barrier between this area and the Transfer Tunnel (Fire Area 1) and storage vaults (Fire 
Area 2) will ensure adequate fire protection from this fire loading. Fire detection is located in this area. 
Automatic fire suppression is not provided due to the radiological considerations associated with this 
area. 


The worst-case postulated fire in this area is from high flashpoint lubricants in various machinery. The 
CHM structural material heat capacity and seismic structural integrity ensure that this fire loading will not 
adversely affect the ITS function of the CHM. The spent fuel canister will be in the CHM during transport 
in this area, and therefore will not be exposed directly to a postulated fire. 


Operating Gallery (Fire Zone 3) 


The operating gallery is a second-floor, steel-frame structure in a two-story building that is U-shaped 
around the east end of the FPA (Fire Area 1). The structure has a non-combustible construction with no 
fire-rated exterior walls. The floor is a 1-hour fire-rated barrier over the electrical room, battery room, 
HEPA filter room, and HVAC exhaust room; and the walls separating this area from the FPA are rated as 
describe in the Fire Area 1 description. ITS SSCs in this zone are associated with the wall to the FPA and 
are described in the discussion for that area. 


The postulated fire loading in the operating gallery is associated with operations activity from this area. 
Administrative controls on the quantity of materials in this area limit the potential fire loading. The 
postulated combustibles consist of Class A materials that constitute a low combustible loading. The 
1-hour fire-rated walls separating this area from the FPA (Fire Area 1) will ensure adequate fire 
protection from this fire loading. Both fire detection and automatic fire suppression are provided in this 
area. 


Workshop (Fire Zone 4) 


The workshop area is a second-floor, steel-frame structure in a two-story building adjacent to the south 
wall of the FPA (Fire Area 1). The overall structure has a non-combustible construction protected with a 
1-hour fire barrier rating in this fire zone. ITS SSCs in this zone are associated with the wall to the FHM 
maintenance area boundary, including the personnel shielded access door, which is included in Fire 
Area 1. Providing fire rating for the barriers surrounding this zone isolates this low fire-load zone from 
ITS components adjacent to this area and confines potential radiological hazards within the zone. 
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The postulated fire loading in the workshop is associated with welding, machining, and repair equipment 
and materials. Administrative controls on the quantity of materials in this area and the use of flammable 
storage cabinets limit the potential fire. The postulated combustibles consist of Class A and B materials 
that constitute a low combustible loading. The 1-hour fire-rated barrier between this and surrounding 
areas will ensure adequate fire protection from this fire loading. Both fire detection and automatic fire 
suppression are provided in this area. 


Operator’s Office and Change Area (Fire Zone 5) 


The Operators Office and Change Area is an upper-level, single-story, steel-frame structure on the west 
side of the CCA (Fire Area 1) partially above the Solid Waste Storage Area. The structure has a non-
combustible construction with no fire rating on the exterior walls. A hallway connects this area on the 
west side of the CCA to the operating gallery on the east side of the CCA. A 1-hour fire-rated barrier is 
provided at the hallway intersection to the operating gallery. No ITS SSCs are in this zone but the 
boundary is shared with the FPA and Transfer Tunnel. Providing fire rating for the barriers separating this 
zone from Fire Area 1 and the second floor of the operating gallery isolates this low fire-load zone from 
ITS components adjacent to this area. 


The postulated fire loading in the Operators Office and Change Area is associated with adjacent canister 
closure operations and health physics activities. Administrative controls on the quantity of materials in 
this area limit the potential fire loading. The postulated combustibles consist of Class A materials that 
constitute a medium combustible loading. A medium combustible loading is defined as an equivalent 
combustible loading of 30 minutes to 45 minutes. The 1-hour fire-rated barrier between this hallway and 
the operating gallery will ensure adequate fire protection from this fire loading. Both fire detection and 
automatic fire suppression are provided in this area. 


Electrical Room (Fire Zone 6) 


The electrical room is a first-floor, steel-frame structure, in a two-story building adjacent to the north wall 
of the FPA (Fire Area 1). The overall structure has a non-combustible construction protected with a 
1-hour fire barrier rating in this fire zone. No ITS SSCs are in this zone, but there is a shared boundary 
wall with the FPA. Providing fire rating for the barriers surrounding this zone isolates this medium fire-
load zone from ITS components on the level above. 


The postulated fire loading in the electrical room is associated with the MCCs and electrical cabling. 
Administrative controls on the quantity of materials in this area limit the potential fire loading. The 
postulated combustibles consist of Class A materials that constitute a medium combustible loading. The 
1-hour fire-rated barrier between this and surrounding areas will ensure adequate fire protection from this 
fire loading. Both fire detection and automatic fire suppression are provided in this area. 


Battery Room (Fire Zone 7) 


The battery room is a first-floor, steel-frame structure in a two-story building adjacent to the north wall of 
the FPA (Fire Area 1). The overall structure has a non-combustible construction protected with a 1-hour 
fire barrier rating in this fire zone. No ITS SSCs are in this zone. The purpose of providing fire rating for 
the barriers surrounding this zone is to isolate this medium fire-load zone from ITS components on the 
level above. 
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The postulated fire loading in the battery room is associated with the batteries, UPS system, and electrical 
cabling. Administrative controls on the quantity of materials in this area limit the potential fire. The 
postulated combustibles consist of Class A materials that constitute a medium combustible loading. The 
1-hour fire-rated barrier between this and surrounding areas will ensure adequate fire protection from this 
fire loading. Both fire detection and automatic fire suppression are provided in this area. 


HEPA Filter Room (Fire Zone 8) 


The HEPA filter room is a first-floor, steel-frame structure in a two-story building adjacent to the south 
wall of the FPA (Fire Area 1). The overall structure has a non-combustible construction protected with a 
1-hour fire barrier rating in this fire zone. No ITS SSCs are within this zone, but there is a shared 
boundary with the FPA. Providing fire rating for the barriers surrounding this zone isolates this medium 
fire-load zone from ITS components on the level above. 


The postulated fire loading in the HEPA filter room is associated with HVAC equipment and the non-
combustible HEPA filters enclosed in the ducting. Administrative controls on the quantity of materials in 
this area limit the potential fire loading. The postulated combustibles consist of Class A materials that 
constitute a low combustible loading. The 1-hour fire-rated barrier between this and surrounding areas 
will ensure adequate fire protection from this fire loading. Both fire detection and automatic fire 
suppression are provided in this area. In addition, the HEPA filtration system is provided with an 
automatic deluge suppression system. 


HVAC Exhaust Room (Fire Zone 9) 


The HVAC exhaust room is a first-floor, steel frame structure, in a two-story building adjacent to the 
south and east wall of the FPA (Fire Area 1). The overall structure has a non-combustible construction 
protected with a 1-hour fire barrier rating on the ceiling and interior walls to the adjacent HEPA filter 
room and battery room. The exterior walls are also 1-hour fire-rated. No ITS SSCs are within this zone, 
but there is a shared boundary with the FPA. Providing fire rating for the barrier separating this zone from 
adjacent rooms and the FPA isolates this medium fire-load zone from ITS components on the level above. 


The postulated fire loading in the HVAC exhaust room is associated with the HVAC equipment. 
Administrative controls on the quantity of materials in this area limit the potential fire loading. The 
postulated combustibles consist of Class A materials that constitute a medium combustible loading. The 
1-hour fire-rated barrier between this and surrounding areas will ensure adequate fire protection from this 
fire loading. Both fire detection and automatic fire suppression are provided in this area. 


New Canister Receipt Area (Fire Zone 10) 


The new canister receipt area is a one-story, steel frame structure, located on the north end of the Transfer 
Tunnel/Canister Closure Area (Fire Area 1). The overall structure has a non-combustible construction 
protected with a 1-hour fire barrier rating on the ceiling to the CCA and south wall. The exterior walls are 
not fire-rated. No ITS SSCs are in this zone. Providing fire rating for the barrier separating this zone from 
adjacent rooms and the Transfer Tunnel/Canister Closure Area isolates this low fire-load zone from ITS 
components in Fire Area 1 and material located in the adjacent radiological storage area. 
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The postulated fire loading in the new canister receipt area is associated with canister receipt operations. 
Administrative controls on the quantity of materials in this area limit the potential fire loading. The 
postulated combustibles consist of Class A materials that constitute a low combustible loading. The 
1-hour fire-rated barrier between this and surrounding areas will ensure adequate fire protection from this 
fire loading. Both fire detection and automatic fire suppression are provided in this area.  


Liquid and Solid Waste Areas (Fire Zones 11, 12, and 13) 


The liquid and solid waste areas include the Solid Waste Storage Area (Fire Zone 11), the SWPA (Fire 
Zone 12), and the Liquid Waste Storage Tank Area (Fire Zone 13). The liquid and solid waste areas are a 
single-story, part steel-frame/part concrete structure at grade level on the west side of the Transfer Tunnel 
(Fire Area 1). The steel structure is non-combustible construction with 1-hour fire rating in this fire zone. 
The reinforced concrete structure is fire resistive construction with a minimum 3-hour fire rating for the 
structural components. No ITS SSCs are in this zone, but part of the walls and ceiling do frame boundary 
with the FPA and tunnel. The barriers surrounding the Liquid Waste Storage Tank Area, Solid Waste 
Processing Area, and Solid Waste Storage Area are 1-hour fire-rated, based on the contents and the 
potential for radiological releases. The walls and doors between the three fire zones that make up this area 
are not fire rated. 


The postulated fire loading in the liquid and solid waste area is associated with waste processing 
equipment and miscellaneous dry combustibles. Administrative controls on the quantity of materials in 
this area and the use of flammable storage cabinets limit the potential fire loading. The postulated 
combustibles consist of Class A and B materials that constitute a medium combustible loading in Fire 
Zones 11 and 12. Fire Zone 13 has a low combustible loading. The 1-hour fire-rated barrier between these 
zones and surrounding areas will ensure adequate fire protection from this fire loading. Both fire detection 
and automatic fire suppression are provided in these areas. 


Operations Area (Fire Zones 14 and 15) 


The Operations Area is a two-story, steel-frame structure on the west end of the FPA (Fire Area 1) and 
the liquid and solid waste areas. The structure has a non-combustible construction with no fire rating on 
the exterior walls. The walls separating this zone from the first and second floor of the Transfer Area are 
1-hour fire-rated. No ITS SSCs are in this zone. Providing fire rating for the barriers separating these 
zones from Fire Area 1, liquid and solid waste areas, and the second floor of the operating gallery isolates 
this medium fire-load zone from adjacent ITS components. 


The postulated fire loading in the operations area is associated with administrative and record keeping and 
health physics activities. Administrative controls on the allowable quantity of materials in this area and 
the use of flammable storage cabinets limit the potential fire loading. The postulated combustibles consist 
of Class A and B materials that constitute a medium combustible loading. The 1-hour fire-rated barrier 
between this area and the remainder of the facility will ensure adequate fire protection from this fire 
loading. Both fire detection and automatic fire suppression are provided in this area. 
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ISF Facility Yard Area (Fire Zone 16) 


The general yard area surrounds the other structures and the switchyard area within the ISF Facility site 
boundary fence. The concern for this area is a wildfire from outside the facility creating a fire hazard for 
the ITS SSCs. The ISF Facility site features provided to mitigate the concern from a range fire are 
discussed in Section 8.2.4.4. 


The general yard area includes several structures to be discussed separately: the diesel generator area, 
Guard House, Visitor Center, Administration Center, Storage Warehouse, and switchyard area. 


The diesel generator area is in the switchyard area over 20 feet northeast of the ISF building. No building 
structure is associated with the diesel generator package. This area does not contain ITS SSCs. The fuel 
oil supply for the diesel engine driver is approximately 1000 gallons, and is directly under the diesel 
engine/generator set in a double-wall tank in accordance with NFPA 30 (Ref. 4-40). The distance 
separating this component from the ISF building and the fuel oil tank design standards ensure that an 
exposure fire hazard is not created. 


A transformer is located in the switchyard area northeast of the Operating Gallery. No building structure 
is associated with the transformer and this area does not contain ITS SSCs. The transformer contains 
approximately 600 gallons of oil. The type of oil is classified as “Less Flammable” per Factory Mutual 
Data Sheet 5-4, Transformers. The transformer is separated from the ISF Building by approximately 
28 feet. 


The Guard House is over 200 feet west of the ISF building. This building does not contain ITS SSCs. The 
building has no fire-rated barriers. The building is a small office area and will contain various amounts of 
Class A combustibles. The distance separating this structure from the ISF building ensures that an 
exposure fire hazard is not created, in accordance with NFPA 80A (Ref. 4-41). Fire detection is provided 
for this structure. 


The Visitor Center is over 200 feet west of the ISF building. This building does not contain ITS SSCs. 
The building has no fire-rated barriers. The building is generally open for display areas and will contain 
various amounts of Class A combustibles. The distance separating this structure from the ISF building 
ensures that an exposure fire hazard is not created, in accordance with NFPA 80A. Fire detection is 
provided for this structure. 


The Administration Center is over 50 feet west of the ISF building. This building does not contain ITS 
SSCs. The building has no fire-rated barriers. The building will contain office spaces with a moderately 
high Class A combustible fire loading. The distance separating this structure from the ISF building 
ensures that an exposure fire hazard is not created, in accordance with NFPA 80A. Fire detection is 
provided for this structure. 


The Storage Warehouse is over 50 feet northeast of the ISF building. This building does not contain ITS 
SSCs. The building has no fire-rated barriers. The distance separating this structure from the ISF building 
ensures that an exposure fire hazard is not created, in accordance with NFPA 80A. Fire detection is 
provided for this structure. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.3-29 


 


  


The switchyard area is an outside area where the ISF Facility power supply transformer and diesel 
generator area (addressed separately) are approximately 20 feet from the northeast corner of the operating 
gallery. This area contains a seismic switch system classified ITS. 


The seismic switch system is ITS during an earthquake and does not provide a safety function during 
other postulated events. If an earthquake is postulated to occur that directly results in a fire in this area, 
the seismic switch system will have performed the safety function before it is exposed to the hazards of a 
subsequent fire. If a fire occurs first, a subsequent earthquake need not be postulated. Therefore, no fire 
protection is necessary to ensure that the seismic switch system can perform the intended safety function. 


4.3.8.1.4 Design Code Compliance 


The following lists various fire water system components and their respective codes. 


• sprinkler systems designed in accordance with NFPA 13 (Ref. 4-42) 


• standpipe and hose stations designed in accordance with NFPA 14 (Ref. 4-43) 


• INTEC fire pumps and water supply tanks provided in accordance with NFPA 20 (Ref. 4-44) and 
NFPA 22 (Ref. 4-45), respectively 


• fire hydrants and water mains designed and installed in accordance with NFPA 24 (Ref. 4-46) and 
American Water Works Association specifications 


• portable fire extinguishers provided in accordance with NFPA 10 (Ref. 4-47) 


• fire protection equipment including the sprinkler systems, standpipe and hose connections in the 
ISF Building, yard hydrants, ISF Facility underground fire main loop, and all associated 
components maintained in accordance with NFPA 25 (Ref. 4-48) 


• fire detection systems designed in accordance with NFPA 72 (Ref. 4-49) 


• lightning protection designed and installed in accordance with NFPA 780 (Ref. 4-50) 


• ISF building occupancy classification in accordance with the Uniform Building Code 
(International Conference of Building Officials) (Ref. 4-51) 


4.3.8.2 System Description 


The fire protection system consists of monitoring, detection, alarm, suppression, and extinguishing 
systems to protect the area or equipment from damage by fire. It includes the following major features: 


• fire protection water supplies, yard mains, and hydrants 


• automatic wet and dry sprinklers 


• standpipes and hose stations 


• fire and smoke monitoring, detection, and alarm systems 


• fire barriers, seals, and penetrations 


• smoke removal 


• offsite fire department support 
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The fire protection system components provide comprehensive protection against fire hazards throughout 
the facility, with the greatest emphasis on the risk of fire in the component’s immediate location. 


The ISF Facility is designed so that ITS SSCs do not require electrical power to perform their safety 
functions. Therefore, no unique features are provided to protect the electrical power and control cabling 
from fire exposure, other than that normally provided by a non-combustible construction type and 
administrative controls to limit the potential fire loading in ITS areas of the facility. 


4.3.8.2.1 Fire Protection Water Supply 


The ISF Facility fire water supply system is provided by the existing INTEC main water distribution 
system, a raw water system independent of the potable water system. It consists of two deep well pumps, 
water storage tanks, fire pumps, make-up pumps, distribution piping, and isolation valves. The fire water 
system is classified NITS. 


The INTEC fire water supply system is designed to be fully redundant. The storage tanks can be filled by 
either deep well pump, and each water storage tank and fire pump can support the maximum water 
demand rate. The fire water storage system consists of two 60-foot diameter by 40-foot high, seismically 
qualified water storage tanks. These tanks supply both the fire water distribution system and the raw 
water system storage tanks. When the water level drops in the raw water tanks, a signal is transmitted to 
the deep well pumps to start. The deep well pumps fill the fire water storage tanks to the point where the 
tanks overflow into a standpipe that supplies the raw water tanks. INTEC use of the raw water system 
continually circulates water through the fire water tanks, thereby maintaining the fire water temperature 
well above freezing during the winter. A minimum of 450,000 gallons is reserved in each of the fire water 
storage tanks for firefighting purposes. This minimum supply exceeds the postulated largest expected fire 
water flow rate in accordance with NFPA 13 for a period of 2 hours, including a 500 gpm allowance for 
manual hose streams at the ISF Facility.  


Each INTEC fire water storage tank has an associated fire pump and pump house. The fire water storage 
tanks and pump systems are independent, but supply a common water distribution system. Each fire pump 
is rated for 2500 gpm at 125 psi and is powered by a diesel driver. Equipment associated with the fire 
water pump trains is UL listed and FM approved. 


The INTEC fire water distribution system static pressure is maintained by two electric make-up pumps 
rated at 300 gpm at approximately 160 psi. These pumps are designed to minimize pressure fluctuations 
on the system and are not required to maintain system operability. These pumps prevent minor system 
pressure fluctuations from unnecessarily starting the larger fire pumps and causing premature wear on the 
main fire pumps. One make-up pump maintains the static pressure of the main water distribution system 
at approximately 135 psi when there is little demand on the system. If the water pressure in the main 
water distribution system drops to approximately 125 psi, the second make-up pump starts. If the pressure 
in the main water distribution system continues to drop and reaches approximately 120 psi, the fire pump 
sequential timers start. 


There is a sequential timer in each of the fire pump control panels. The sequential timer starts when the 
pressure in the main water distribution system drops to approximately 120 psi. A pressure of 
approximately 140 psi must be developed to stop and reset the sequential timer. If the main water 
distribution system pressure has not recovered to greater than approximately 140 psi within 30 seconds, 
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the primary fire pump starts. If the stop pressure of approximately 140 psi has not developed within 
50 seconds, the secondary fire pump starts. The fire pumps must be manually shut off once they have 
started. At the annual fire pump testing, the pump start sequence, primary and secondary, is reversed. 


The INTEC main water distribution system is a loop configuration with two dead-end legs. The main 
water distribution system piping varies from 8 inches to 12 inches in diameter. Several pipe materials are 
present in the underground supply system, including steel, cement-lined ductile iron, PVC, and bond 
strand fiberglass pipe. The two underground connections from the INTEC main water distribution system 
to the ISF Facility underground fire water loop are made from connections to the distribution piping. 


The ISF Facility underground fire main loop is designed and installed in accordance with NFPA 24, 
Standard for the Installation of Private Fire Service Mains and Their Appurtenances, and AWWA 
specifications. Isolation valves throughout the ISF Facility underground fire main loop allow isolation of 
loop sections or of individual fire suppression systems. The isolation valves permit isolation of outside 
fire hydrants from the fire main for maintenance or repair without interrupting the water supply to 
automatic or manual fire suppression systems in the ISF Facility areas containing or presenting a fire 
hazard to ITS SSCs. Fire hydrants are installed approximately every 250 feet along the ISF Facility 
underground fire main loop. Threads compatible with those used by the INL fire department are provided 
on hydrants and standpipe risers in the ISF Facility. 


4.3.8.2.2 Fire Suppression 


The automatic fire suppression in the ISF building is a hydraulically designed (ordinary hazard) system 
that generally uses wet-pipe sprinklers in the climate-controlled portions of the building, and dry-pipe 
sprinklers in the remaining areas. The exceptions are Fire Area 1 (Transfer Tunnel, FPA, and CCA), Fire 
Area 2 (storage vaults), and a portion of Fire Area 3 (second floor Storage Area). 


Fire Area 1 contains areas where SNF is packaged for interim storage; because of concerns with potential 
criticality and spread of contamination, the area does not have automatic water suppression. Fire Area 2 is 
inaccessible to personnel and does not normally contain combustible materials or credible ignition 
sources. A fire zone within Fire Area 3 for the second floor Storage Area contains equipment used to 
transport ISF canisters to the storage vaults (Fire Area 2). Because of concerns for potential spread of 
contamination combined with a low combustible loading, the area does not have automatic water 
suppression. 


The areas of the facility used for operator monitoring and security monitoring are provided with 
automatic sprinkler protection. These areas are located in the second floor operations area (fire zone 15) 
and the operator's office (fire zone 5). 


The primary HEPA filters in Fire Area 3 (HEPA filter room) are provided with an internal deluge system 
in accordance with NFPA 801. 


4.3.8.2.3 Standpipes and Hose Stations 


The ISF building is equipped with seismically supported standpipes and manual hose stations in the stair 
enclosures. 
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4.3.8.2.4 Fire Detection 


Fire detection in the ISF building is provided in areas where significant fire loading is postulated, 
personnel may be present, and the room involves a floor area of at least 200 square feet. 


The fire detection system consists of photoelectric/ionization smoke detectors, or equivalent, and air 
sampling smoke detectors in or drawing air samples from the ISF building areas, except the enclosed 
storage vault area and small closet or cable/duct chase areas. The storage vaults are inaccessible and do 
not normally contain combustible material or ignition sources. Areas that contain smoke detectors and/or 
personnel have manual pull systems. Fire suppression water flow alarms are also provided in the ISF 
building. The smoke detectors, manual pull stations, and water flow alarms in each area are 
interconnected to a central alarm panel in the ISF Facility operations monitoring room. The ISF Facility 
central alarm panel will report grouped alarms (alarm, supervisory, trouble) to the central fire alarm 
station at the continuously manned INL facility. 


The smoke alarms will sound in the ISF building where personnel may be located, and at the continuously 
manned INL facility. 


The fire detection and alarm system equipment is powered by a local battery system that is connected to 
the battery backup UPS system in the ISF building, which is connected to the utility grid and to the 
standby diesel generator. 


Smoke detectors in the HEPA filter air streams and inside the ductwork will monitor air filtration 
equipment and exhausts. In addition, fire or smoke detection anywhere in the ISF building will 
electrically activate the closure of fire dampers in the ventilation ducts serving the FPA and FHM 
Maintenance Area and trip the HVAC system supply and exhaust fans to prevent the potential spread of 
contamination. 


In addition, photoelectric/ionization smoke detectors are installed in the Guard House, Visitor Center, 
Operations Center, and Storage Warehouse buildings. These outlying building smoke detectors are not 
required to protect SSCs ITS, and no credit was taken for these detectors when the evaluation for 
exposure fire hazards was made. 


4.3.8.2.5 Fire Barriers 


Passive fire protection includes fire barrier walls, fire doors, and fire barrier penetration seals. The stair 
enclosures are 1-hour fire rated enclosures for life safety purposes. The remaining fire-rated walls, 
described in Section 4.3.8.1, are 1-hour fire-rated throughout the ISF building. Penetrations in the fire-
rated walls will be sealed in accordance with NFPA 221 (Ref. 4-52). 


Fire doors in the 1-hour fire-rated walls are fire rated in accordance with NFPA 80. Certain specialty 
doors will have an equivalency evaluation performed when rated doors are not available.  


Fire dampers in the ventilation ducts that penetrate into the FPA confinement barrier are fire-rated 
components installed in accordance with NFPA 90A (Ref. 4-53). 
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4.3.8.2.6 Smoke Removal 


Smoke from a fire in the ISF building will be removed by the building’s ventilation exhaust fans, except 
in the Fire Area 1 rooms. The rooms in Fire Area 1 will be isolated by fire dampers, with the ventilation 
fans tripped, until radiological concerns can be addressed. Fans will be manually operated to exhaust any 
remaining smoke from the area after the radiological concerns are addressed. Portable exhaust fans may 
be used by the INL fire department, as necessary. 


4.3.8.2.7 Off Site Fire Department Support 


The INL fire department provides off site fire response in accordance with the emergency plan. The 
protection provided by the INL fire department is similar to that provided to the nearby TMI-2 ISFSI. 


4.3.8.3 System Evaluation 


Potential fires affecting ITS SSCs are evaluated in Section 8.2.4.4. The analysis concludes that these 
postulated fires will not produce an unsafe condition or preclude the ability of the ITS SSCs to function. 
The sprinkler system in the ISF building further ensures that fires will be automatically extinguished 
within a short time. Backup manual fire suppression and early warning fire detection are also provided. 
These features support the defense-in-depth approach used for the overall fire protection program. 


The FHA was performed in accordance with NRC guidance and NFPA-801. The FHA includes an 
assessment of the postulated fire loading in each area, used to establish the adequacy of the passive fire-
rated barriers in the ISF building. Combustible materials in areas containing ITS SSCs are estimated at 
less than 10 pounds per square foot: a fire severity approximately equivalent to a standard fire curve 
1-hour fire loading, as defined by the NFPA Fire Protection Handbook, 18th Edition, Section 7, Chapter 5 
(Ref. 4-54). Therefore, a 1-hour fire-rated barrier will appropriately contain postulated fires in the ISF 
building and passively prevent fire spread outside the area of origin. 


The fire water standpipes in the ISF building stair enclosures are seismically supported to ensure manual 
fire fighting capability throughout the structure after a postulated earthquake. A non-seismically designed 
sprinkler system may fail and create water exposure or flooding concerns. The ISF building electrical 
system, which may be affected by postulated water exposure, is not classified ITS; thus, its failure could 
not adversely affect safety functions. The ISF building drainage system has been sized to accommodate 
postulated pipe break flow and prevent flooding in each area. Potentially contaminated areas containing 
sprinkler piping will drain to the Transfer Tunnel including the rail cutouts that extend into the Cask 
Receipt Area. The Transfer Tunnel is designed to contain the credible water sources discharged from fire 
fighting activities for 30 minutes, in accordance with NFPA 801. 


4.3.8.4 Inspection and Testing Requirements 


The fire protection systems including the sprinkler systems, standpipe and hose connections in the ISF 
building, yard hydrants, ISF Facility underground fire main loop, and associated components will be 
maintained in accordance with NFPA 25. The fire detection and alarm system will be maintained, 
inspected, and tested in accordance with NFPA 72, National Fire Alarm Code. 


Fire barriers, excluding penetration seals, fire dampers, and fire doors will be visually inspected at least 
once per 18 months. Penetration seals will be identified by type and at least 10 percent of each type will 
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be visually inspected at least once per 18 months. If the penetration seal is determined to be inoperable, an 
additional 10 percent of the degraded type of seal will be visually inspected. This process will continue 
until a 10-percent sample with no visually apparent adverse degradation has been completed or until all 
required sealed penetrants of the degraded type have been inspected. Samples will be selected such that 
each penetration seal will be inspected at least once per 15 years. 


4.3.8.5 Personnel Qualification and Training 


The design and selection of equipment, inspection and testing of completed physical aspects of the fire 
protection systems, and development of the overall fire protection program will be performed with the 
assistance of a qualified fire protection engineer. A qualified fire protection engineer will be either a 
graduate of an accredited engineering curriculum and have completed not less than 4 years of engineering 
practice, 3 of which shall have been in responsible charge of diverse fire protection engineering work. If 
not such a graduate, a qualified fire protection engineer shall either (1) demonstrate a knowledge of the 
principles of engineering and have completed not less than 6 years engineering practice, 3 of which shall 
have been in responsible charge of diverse fire protection engineering projects; (2) be a registered 
professional engineer in fire protection; or (3) meet the requirements for Member Grade in the Society of 
Fire Protection Engineers. 


The offsite fire department periodic training and fire drills will be handled under the DOE program for the 
INL site, which has previously been reviewed for the nearby TMI-2 ISFSI. The ISF Facility will 
coordinate training with the INL Fire Department to ensure that site-specific training is incorporated. 
Personnel at the ISF Facility will be provided training as part of the General Employee Training Program. 
Specialized training will be provided to emergency response personnel in accordance with the ISF 
Facility Emergency Plan.  


Personnel responsible for maintaining and inspecting the fire protection equipment will be under control 
of ISF Facility personnel as specified in the fire protection program. 


4.3.9 Maintenance Systems 


This section describes the design bases, locations, and modes of operation related to the maintenance 
programs for the ISF Facility. Chapter 5, Operation Systems, describes the systems and operations 
necessary for maintaining the facility in a safe condition. As part of the maintenance program, routine 
tests and inspections are to be performed, at specific intervals, on selected equipment to verify that safety 
features built into the various systems are operating correctly and have not been damaged or their function 
otherwise compromised. Special tests and inspections will be performed following off-normal events in 
accordance with approved facility procedures. Non-standard operations are discussed in Section 5.1.1.6. 


Generally, ISF Facility major equipment is designed for a 40-year life with replacement components 
having a typical service life of 1 to 5 years. The ISF Facility maintenance program consists of two general 
types of maintenance activities: (1) routine maintenance, and (2) overhaul maintenance. Routine 
maintenance ensures that moving parts are correctly lubricated and that wear is detected before the part 
fails. Equipment is inspected regularly, at intervals determined by the amount and type of work the 
equipment does and the frequency of use. 
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Overhaul maintenance includes replacement of specific components when routine maintenance indicates 
that replacement is required. The extent of dismantling is determined by the condition of the 
subassemblies. Some subassemblies may not require strip-down, but this decision is based on the results 
of inspection as dismantling proceeds. Maintenance activities are performed in accordance with 
operations and maintenance procedures in conjunction with approved facility drawings. 


4.3.9.1 Major Components and Operating Characteristics 


This section describes the major components and operating characteristics of the primary ISF Facility 
maintenance systems. These systems include the following: 


• Storage Area maintenance hoist 


• FHM and PMS 


• FHM Maintenance Area 


• CHM maintenance equipment 


• Transfer Tunnel Trolley maintenance area 


• Workshop Area 


Maintenance features associated with the CHM are described in Section 4.7.3. 


4.3.9.1.1 Storage Area Maintenance Hoist 


The Storage Area maintenance hoist is a 10-ton capacity overhead electric wire-rope hoist system that 
runs along a monorail hoist beam built into the roof structure of the Storage Area. This hoist operates in 
the Storage Area along the centerline of the Transfer Tunnel. It handles parts for the CHM during 
maintenance operations and other equipment used during Storage Area maintenance activities. It also 
raises and lowers equipment through the CHM maintenance hatch. The Storage Area maintenance hoist 
consists of the following components: 


• 10-ton capacity overhead electric wire rope hoist assembly and trolley 


• monorail hoist beam 


• power supply and control collectors, support brackets, and festooning 


4.3.9.1.2 FHM and PMS 


The FHM is mounted on rails in the FPA and FHM Maintenance Area. The PMS is mounted on the FHM 
trolley. It is used primarily to assist in latching and delatching lifting devices in the FPA. It can also assist 
with maintenance work in the FPA, such as removal and replacement of equipment and in-cell HEPA 
filters. Additional information regarding the FHM and PMS is provided in Section 4.7.3 


4.3.9.1.3 FHM Maintenance Area 


The FHM Maintenance Area is at the west end of the FPA, separated by a thick concrete wall and steel 
shield doors. The FHM Maintenance Area is shown in Figure 4.3-15. The opening between the FPA and 
the FHM Maintenance Area is T-shaped to allow passage of the FHM and PMS through steel shield 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.3-36 


 


  


doors. A 2-ton crane is installed in the overhead of the FHM Maintenance Area to provide for the 
removal, maintenance, or replacement of FHM parts. A hoist well is incorporated into the floor of the 
FHM Maintenance Area to allow access to the SWPA below to facilitate removal and replacement of 
components needed to maintain the FHM. A shielded personnel access door provides access into the 
FHM Maintenance Area from the workshop. Stairways and platforms inside the FHM Maintenance Area 
provide access up to the FHM level. 


4.3.9.1.4 CHM Maintenance Equipment 


Maintenance equipment is provided for routine maintenance of the CHM. The CHM is located in the 
storage area over the transfer tunnel for maintenance as this provides a clear working floor area and the 
use of the overhead 10 ton capacity maintenance hoist. 


The major components and operating characteristics of the CHM are discussed in Section 4.7.3. Non-
standard operations for this system are described in Section 5.2.2.1.1. 


The main CHM maintenance equipment items are: 


• maintenance trolley for removing the nose and turret base castings from the rotating turret 


• setting jig for targeting the TV camera 


• hydraulic stud tensioning kit 


• turret jacking equipment 


CHM Maintenance Trolley. The CHM maintenance trolley enables initial site assembly and subsequent 
removal for maintenance, if needed, of the following subassemblies: 


• nose casting and shield skirt 


• lower shield casting 


• intermediate shield casting 


• transition shield casting 


The maintenance trolley assembly consists of a fabricated steel frame supported at each corner by a 
swivel wheel assembly. One side of the frame is removable to allow access for the trolley assembly 
around the CHM shield skirt. On the upper side of the frame are three screw jacks to raise and lower the 
assemblies into position. 


Setting Jig for Targeting the TV Camera. This jig is used to target the cross wires of the TV camera 
image on the center of the CHM nose bore, at the level of the top of the tube plug lifting pintle. With the 
CHM over the maintenance pit, the jig is bolted to the underside of the nose and the camera cross wires 
targeted on to the bulls eye that is located in the center of the jig. This procedure can be repeated at 
regular intervals for confirmatory purposes or after alignment camera maintenance activities. 
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Hydraulic Stud Tensioning Kit. This is commercial equipment used for controlled tightening of the long 
studs in the turret cask shielding sections and preloading the slewing ring bearing studs. The equipment is 
used primarily for initial assembly of the CHM, but can be used for major dismantling and maintenance 
activities. 


Turret Jacking Equipment. The turret jacking equipment is provided to enable removal of the 2 inch 
packers for raising or lowering the turret assembly in situ, without having to dismantle the turret assembly 
down to its smaller piece part assemblies. The packers are adjusted in thickness to set the running 
clearance between the CHM shield skirt over the charge face. Once the running clearance of the CHM has 
been set during initial installation, it is not expected to require further adjustment for the rest of the 
facility operation. 


4.3.9.1.5 Cask and Canister Trolley Maintenance 


Routine maintenance of the cask trolley and the canister trolley takes place in the transfer tunnel at either 
the cask decontamination zone or in the cask receipt area. The cask receipt crane auxiliary hoist, or the 
cask receipt crane main hoist used for lifting components off and on the trolleys when they are in the cask 
receipt area. Maintenance that does not require overhead lifting equipment is performed with the trolleys 
located in the decontamination zone. 


4.3.9.1.6 Workshop Area 


A workshop for routine maintenance and repair of both contaminated and non-contaminated equipment is 
on the second floor of the Transfer Area, outside of the FHM Maintenance Area, as shown in 
Figure 4.2-2. 


4.3.9.2 Safety Considerations and Controls 


The ISF Facility design simplifies access for maintenance of SNF handling equipment, and ensures 
adequate radiation protection and confinement of radioactive contamination, so that routine and corrective 
maintenance can be performed with minimal personnel radiation exposure. 


• Storage Area Maintenance Hoist – The Storage Area maintenance hoist is classified NITS. The 
hoist beam incorporates end stops (bumpers) to prevent damage to equipment. Maintenance 
activities in the Storage Area are performed in a clean non-contaminated area. Workers are 
exposed to only minimal radiation, because of built-in shielding. 


• FHM and PMS – This equipment allows recovery of the FHM hoist and transfer of the FHM and 
PMS to the maintenance area in the event of any single component failure. Off-normal event 
recovery operations for these systems are described in Section 5.1.1.6, and the safety 
considerations/controls associated with the FHM and the PMS are described in Section 4.7.3.2. 
 
Items of the FHM requiring maintenance can be broken down into easily detachable units that can 
be handled by the 2-ton maintenance crane in the FHM Maintenance Area. The units are also 
sized to fit through the door. The FHM design considers that operators wearing protective suits, 
rubber gloves, and respirators to carry out maintenance. Special tools required for maintenance 
are supplied with the FHM. 
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• FHM Maintenance Area – A thick concrete wall separates the FPA and the FHM Maintenance 
Area. Steel shield doors allow the FHM to move between the FPA and the FHM Maintenance 
Area. The shield doors provide the necessary radiation shielding protection if work must be done 
on the FHM while there is SNF in the FPA. A control station adjacent to the shield window in the 
south operating gallery nearest the workshop opens and closes the shield doors. It contains 
controls, indications, and alarms to enable safe control of the shield doors. The control system 
provides operational and safety interlocks, and system status and alarms to the IDCS. 


• Workshop Area – The workshop is designed in accordance with OSHA Standards in 
10 CFR 1910 (Ref. 4-55) to ensure a safe working environment during maintenance activities. 
Appropriate contamination control methods will be used when performing maintenance and 
repair on contaminated items inside the workshop. 


4.3.10 Cold Chemical Systems 


The chilled-water system primary side loop will contain a 50-percent mixture of propylene glycol and 
water. The secondary side loop will contain potable water. A backflow preventer is installed to ensure no 
chemical contamination of the potable water system. Chemicals will be added to inhibit corrosion. Five-
gallon chemical feed tanks are installed in the primary and secondary side of the system, in the 
mechanical equipment room. These chemicals are used in small quantities in the first floor of the Transfer 
Area and do not pose a hazard to personnel or to handling and storage of SNF. 


4.3.11 Air Sampling Systems 


Air sampling and monitoring systems are used for process controls, evaluation of environmental releases, 
and personnel protection. Workplace monitoring uses portable monitors and fixed location samplers. 
Portable monitors are used in work areas with the potential for a rapid or significant change in airborne 
radioactivity. An exhaust stack monitor continuously monitors environmental releases from the facility. 
CAMs and ARMs are in the Cask Receipt Area, Transfer Tunnel, Storage Area, and Transfer Area. CAM 
locations are described and shown in Chapter 7, Radiation Protection. 


4.3.11.1 Major Components and Operating Characteristics 


A fixed monitoring system is used to evaluate the ISF Facility exhaust stack releases. This air sampling 
system samples and monitors ventilation exhaust air for beta, gamma, 3H, and particulate iodine. Multiple 
sampling probes in the stack draw a sample stream down to sampling and monitoring instruments. The 
beta-gamma monitoring units have local and remote alarm capability. A multi-point in-stack isokinetic 
sampling probe is designed based on the airflow profile of the stack. The sampling system is designed so 
that a variation in exhaust flow rate will result in a variation in monitoring system flow rate. A flow 
totalizer is used to determine the amount of stack effluent removed for the monitoring system. 


HVAC exhaust flow from the FPA is sampled by a process fixed head sampler located downstream of the 
in-cell HEPA filters and upstream of the first-stage exhaust HEPA filters. The monitoring unit can initiate 
automatic actions such as tripping the intake and exhaust fan, changing HVAC valve or damper position, 
and other protective actions. In addition to the exhaust monitoring system, fixed and portable sampling 
systems are used in areas with the potential for a rapid or significant change in airborne radioactivity. 
Portable monitoring systems will also be used for personnel protection during maintenance and repair 
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activities in areas with the potential for airborne radioactivity. Fixed location samplers are in the CCA, 
operating gallery, workshop, Transfer Tunnel, Liquid Waste Storage Tank Area, and the SWPA and Solid 
Waste Storage Area. Readouts from various CAMs will be routed to the central radiation control panel. 


Local-alarming portable monitoring units (alpha or beta CAMS) are available to provide early warning of 
significant changes in airborne activity during facility activities, when necessary. Additional operating 
characteristics are described in Chapter 7, Radiation Protection. 


4.3.11.2 Safety Considerations and Controls 


The exhaust stack monitoring system provides local and remote alarms. These units have two 
radioactivity alarm levels (high and low) and system failure indication. The high-level set point is used to 
initiate an alarm; the low-level and system failure set points requires personnel to investigate and 
determine the cause for the alarm. The exhaust stack monitoring system is connected to a dedicated UPS. 
In case of a power failure the system will remain operating. The UPS is powered from the standby MCC, 
which is automatically energized from the standby diesel generator during a loss of offsite power. 


Portable monitors would continue to operate during off-normal and accident conditions. CAMs are 
connected to the UPS and will remain in operation during power failure. Vacuum sources for the radiation 
monitoring equipment are portable and will also continue to operate during off-normal and accident 
conditions. 
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4.4 DECONTAMINATION SYSTEMS 


4.4.1 Equipment Decontamination 


Equipment may require decontamination to reduce personnel radiation exposure. Equipment requiring 
radioactive decontamination may be decontaminated in place or by moving it to an area specifically 
designed for such decontamination processes. Major facility areas where equipment decontamination may 
be needed are equipped with necessary services. Decontamination processes will include methods such as 
wipedown with dry or dampened towels or rags, bottle water, or water spray. More aggressive methods 
may be employed on a case-by-case basis, depending on the value of the item (either monetary or for 
plant operation) and the desired endpoint. 


4.4.1.1 Major Decontamination Systems 


DOE anticipates that four facility areas will require routine equipment decontamination services: (1) 
FHM Maintenance Area, (2) Transfer Tunnel, (3) CCA, and (4) SWPA. Non-routine decontamination 
activities may be required at any location (radiation areas) in the facility. A liquid collection sump is built 
into the FPA first floor for use during decontamination and dismantling of the total facility or the FPA. 
Blind flanges and removable spool pieces outside the area shielding walls will isolate the sump discharge 
lines from the liquid waste collection system. 


FHM Maintenance Area 


The FHM Maintenance Area is on the second floor of the FPA at the west end of the fuel handling area, 
as shown on Figure 4.2-2. This area is separated from the FPA by a shield wall and steel shield doors. The 
shield wall extends above the floor and includes a t-shaped slot to allow passage of the FHM into this area 
for maintenance. The shield door can be closed after the FHM is moved into this area, to allow personnel 
to access this area even if SNF is present in the FPA. 


This area will also be used to maintain or repair other equipment from the FPA that can be brought into it 
by the FHM. A hoist well in the floor of the FHM Maintenance Area allows access to the SWPA below. 
Workers can remove smaller items to the adjacent workshop. Concrete surfaces and joints of this area are 
sealed to minimize the absorption of radioactive contamination and to aid in facility decontamination. 


Cranes and other equipment will normally be decontaminated by manual wipedown using dampened 
towels and rags. Water or mild decontamination solution spray may be used to facilitate decontamination. 
Such waste will be disposed of as solid waste material. A limited quantity of free liquid (mainly water) 
will be allowed in this area. Liquids will be adsorbed and disposed of as solid waste, or transferred to the 
Liquid Waste Storage Tank Area. A floor drain, connected to the 5000-gallon liquid waste storage tank, 
will be plugged until decontamination and decommissioning. 


Transfer Tunnel Cask Decontamination Zone 


The Cask Decontamination Zone, shown in Figure 4.2-1, is in the south section of the Transfer Tunnel 
and is defined by the outer and inner doors of the Transfer Tunnel. The CHM maintenance hatch is in the 
ceiling of the Cask Decontamination Zone. The concrete surfaces and joints in this area are sealed to 
minimize the absorption of radioactive contamination and to aid in facility decontamination. There are 
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three sumps near the north end of this area to support decontamination operations. The sumps can be 
pumped to the 5000-gallon liquid waste storage tank for processing. 


The Cask Decontamination Zone is used to decontaminate external surfaces of the empty Transfer Cask 
and the cask trolley before movement into the Cask Receipt Area, thus preventing the potential spread of 
contamination into the “clean” Cask Receipt Area. This cask is expected to be decontaminated by manual 
wipedown with dampened rags or towels. 


The sumps allow the use of a larger quantity of water and additional portable equipment for 
decontamination. This would be performed as a special process requiring special implementation approval. 


Transfer Area 


There are three sumps near the south end of the Transfer Tunnel to support decontamination operations. 
The sumps can be pumped to the main liquid waste storage tank for processing. 


Canister Closure Area 


The CCA is on the second floor of the Transfer Area, as shown in Figure 4.2-2. This area is 
predominantly a “clean” area and is used for automatic welding of the canister lid to a loaded ISF 
canister, and for drying, purging, and inerting the ISF canister with helium. 


The principal decontamination operation in this area is decontamination of the canister weld prep area 
before automatic welding. Dampened rags or towels will be used for wipedown. They may be dampened 
with either water or mild decontamination solution available in the area in small quantities. 


Solid Waste Processing Area 


The SWPA is on the first floor, west side of the Transfer Area, as shown in Figure 4.2-1. The floors and 
walls are sealed to minimize absorption of contamination and aid in cleanup and decontamination at the 
end of a waste processing campaign. 


Radioactively contaminated material items such as towels, rags, and spray bottles from ISF Facility 
operations is received in this area for volume reduction, packaging and shipping. In addition, there is a 
sump pit, which can be used with a pump to send wastewater to the Liquid Waste Storage Tank Area. 


4.4.1.2 Safety Considerations and Controls 


As discussed above, the floors and walls of areas where decontamination activities are performed are 
sealed to minimize contamination retention. Engineered features to minimize exposure and contamination 
spread also include drainage control, curbing, and floors sloping to local sumps or drains. Using ALARA 
principles, radiation exposure to workers during decontamination activities will be minimized by both 
administrative and engineered controls. Before decontamination activities begin, the surrounding area and 
item to be cleaned will be evaluated to identify radiation levels, specific administrative controls, and 
needed personnel protective equipment. 
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4.4.2 Personnel Decontamination 


Under normal operating conditions, personnel are not likely to be contaminated. However, if a worker 
becomes contaminated, a decontamination shower is provided on the second floor of the Operations Area. 
Wastewater from the shower is collected and sent to the Liquid Waste Storage Tank Area. 


Personnel with suspected radioactive contamination, but without an injury, will go or be escorted to a 
personnel decontamination station. The area of concern will be identified using portable survey 
instrument or other monitoring techniques. Special emphasis will be placed on locating “hot spots” on the 
individual. 


Decontamination methods may include wiping of contaminated area with appropriate material, safety 
shower procedures, eye wash procedures, etc. Decontamination will avoid any method that could spread 
localized contamination or increase penetration of the contaminant into the body. The mildest methods of 
cleansing will be attempted first, and in most instances, mild cleansing should achieve personnel 
decontamination for the types of activities performed at the ISF Facility. Initial decontamination will 
include multiple soap-and-water washes and water rinses. If milder methods are not effective, more 
aggressive decontamination methods will be used, as appropriate. Depending on the extent and location of 
the person’s contamination, and under the direction of medical personnel, these more aggressive methods 
could include soft or stiff scrub brushes, commercial decontamination solution, and chelating agents such 
as potassium permanganate-sodium thiosulfate or other similar chemicals. 


For personnel who have been both contaminated and injured, medical care is the first priority to transport, 
treat, and decontaminate involved workers as needed. DOE maintains an existing memoranda of 
understanding (MOU) with local hospitals. DOE and local area hospitals are well equipped to handle such 
incidents safely and efficiently. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.4-4 


 


  


 


 


 


 


 


 


 


 


 


THIS PAGE INTENTIONALLY LEFT BLANK. 


 


 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.5-1 


 


  


4.5 TRANSFER CASK 


The ISF Facility does not have cask repair or cask maintenance facilities. Two Transfer Casks will be 
used to deliver SNF from the adjacent INTEC area to the ISF Facility. These Transfer Casks are also used 
to transport the SNF from the Cask Receipt Area to the FPA. DOE is responsible for the repair and 
maintenance of these Transfer Casks. 


During transfer of SNF to the ISF Facility, the Transfer Casks will travel solely within the DOE-
controlled area boundary, not on public roads or highways. Therefore, these casks do not require licensing 
or certification under 10 CFR 71 (Ref. 4-56). The ISF Facility is adjacent to and east of the INTEC area, 
as shown in Figure 2.1-5. The Transfer Casks will travel approximately 500 yards between facilities, 
across DOE-controlled roads, on a horizontal transporter. 


The DOE will use two similar Transfer Casks to transfer SNF to the ISF Facility. These casks will contain 
the baskets and liners designed specifically for each type and configuration of SNF. DOE is responsible 
for loading the casks with SNF, closing the casks, placing the casks on the transporter, securing the casks 
on the transporter, performing required inspections, and driving the transportation vehicle with the cask 
and transporter to the Cask Receipt Area, all under DOE regulation. Once the load is accepted at the ISF 
facility, NRC assumes regulatory authority under materials license SNM-2512. The sequences of 
receiving and handling the Transfer Casks at the ISF Facility are detailed in Chapter 5. The Transfer Cask 
handling equipment including the cask receipt crane and the cask trolley are described in Section 4.7. 


Appendix A to the Safety Analysis Report, “Safety Evaluation of the Transfer Cask”, provides a detailed 
evaluation of these casks including the suitability of their use within the ISF Facility. 
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4.6 CATHODIC PROTECTION 


The ISF Facility does not have a cathodic protection system. Because the ISF Facility is a dry, 
aboveground facility, cathodic protection of ITS SSCs in the form of impressed current is not required. 
There are three pipelines within the ISF Facility that have the potential of requiring cathodic protection. 
The applications that have been considered are potable water, service water, and fire water supplies. 


The potable water will be piped from the ISF Facility site vault on the boundary of the ISF Facility. The 
piping material is class polyvinyl chloride (PVC). This type of pipe does not require cathodic protection. 


The service waste will be piped to the ISF Facility site vault on the boundary of the ISF Facility. The 
piping material is acrylonitrile – butadiene – styrene (ABS). This type of pipe does not require cathodic 
protection. 


The fire water will be piped from the ISF Facility site vault on the boundary of the ISF Facility. The 
piping material selected is PVC pressure pipe. This type of pipe does not require cathodic protection. 
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4.7 SPENT FUEL HANDLING OPERATION SYSTEMS 


This section addresses the functions, design features, and design bases of structures, systems and 
components used during SNF handling operations at the ISF Facility, including the following handling 
activities: 


• lifting Transfer Cask from transporter and placement on cask trolley 


• moving Transfer Cask through the Transfer Tunnel to the FPA 


• removing SNF from Transfer Cask and placing it in the FPA 


• SNF packaging operations inside the FPA 


• ISF canister transfer to the CCA on the canister trolley 


• ISF canister closure, welding, examinations, vacuum drying, and helium inerting 


• ISF canister transfer to the storage vault 


The spent nuclear fuel (SNF) handling systems are designed to ensure adequate safety and to withstand 
the effects of site environmental conditions, natural phenomena, and accidents in accordance with 
10 CFR 72.122(b) and 10 CFR 72.128(a). The major SNF handling structures and systems used at the ISF 
Facility consist of the following: 


• Cask Receipt Area 


• cask receipt crane 


• cask trolley 


• Transfer Tunnel 


• Fuel Packaging Area 


• Fuel Handling Machine 


• bench vessels 


• worktable 


• FHM lifting devices 


• canister trolley 


• Canister Handling Machine 


• Canister Closure Area 


This section provides a summary of the analysis and design methodology used for evaluating the SNF 
handling structures and systems for environmental conditions, natural phenomena, normal loading 
conditions, off-normal loading conditions, and accident conditions. 
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SSCs are discussed in this section in the sequence of SNF receipt to SNF storage. Other ancillary 
equipment involved in SNF packaging is also included in this section, such as: 


• power manipulator system 


• master slave manipulators 


• decanning machine 


• vacuum drying system 


• helium backfill system 


• welding equipment 


The FPA shield doors are also included since they provide maintenance and recovery support for the 
FHM. 


4.7.1 Structural Specifications 


This section provides a summary of the codes and standards, materials of construction, fabrication and 
inspection, and features covered by the ISFSI Quality Assurance Program for ITS SSCs used for SNF 
handling operations. 


4.7.1.1 Cask Receipt Area 


The CRA, shown in Figure 4.2-9 and Figure 4.2-1, is a steel-framed building anchored to a concrete 
foundation. The CRA includes the structural steel tower that supports the Cask Receipt Crane (CRC).  


Codes and Standards 


Concrete 


The concrete slab that supports the trolley rails, the concrete footings and foundation that support the 
CRC, and the footings and foundations that support the primary structural steel of the CRA are designed 
to the following principal codes and standards: 


• ANSI/ANS 57.9, Design Criteria for an Independent Spent Fuel Storage Installation –Dry Type 


• ACI 349, Code Requirements for Nuclear Related Concrete Structures (for ITS) (as modified by 
NUREG 1567 paragraph 5.4.3.2 when using ACI-318 for construction) 


• ACI 318 for NITS concrete structures 


• ANSI A58.1 – Minimum Design Loads for Buildings and Other Structures 


• ASCE 7 Minimum Design Loads for Buildings and Other Structures 
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The design of the remaining concrete structures of the CRA complies with the following principal codes 
and standards: 


• Uniform Building Code (UBC) (partially modified by DOE – ID Architectural/Engineering 
Standard for snow loads) 


• ASCE 7 Minimum Design Loads for Buildings and Other Structures 


• ACI 318, Concrete Requirements for Reinforced Concrete Structures. 


Steel 


The design of the primary CRA structural steel, including the structural steel that supports the CRC, 
complies with the following principal codes and standards: 


• ANSI/ANS 57.9, Design Criteria for an Independent Spent Fuel Storage Installation – Dry Type, 
Sections 5 and 6 


• American Institute of Steel Construction (AISC) Manual of Steel Construction, 9th Edition 


• ANSI A58.1 – Minimum Design Loads for Buildings and Other Structures 


• ASCE 7 Minimum Design Loads for Buildings and Other Structures 


• UBC Uniform Building Code (partially modified by DOE – ID Architectural/Engineering 
Standard for snow loads) 


• American Welding Society (AWS), Structural Welding Code, D1.1 


The design of the secondary and non-structural structural steel complies with the following principal 
codes and standards: 


• AISC Manual of Steel Construction, 9th Edition 


• ASCE 7 Minimum Design Loads for Buildings and Other Structures 


• UBC Uniform Building Code (partially modified by DOE – ID Architectural/Engineering 
Standard for snow loads) 


• AWS D1.1 Structural Welding Code 
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Materials of Construction 


Concrete Structures 


• Cement 
ASTM C150 Specification for Portland Cement 


• Aggregate 
ASTM C33 Specification for Concrete Aggregate 


• Reinforcement Steel 
ASTM A615 Specification for Deformed and Plain Billet-Steel Bars for Concrete Reinforcement 
ASTM A706 Specification for Low-Alloy Steel Deformed and Plain Bars for Concrete 
Reinforcement 


• Embedments 
ASTM A36 Standard Specification for Structural Steel 


Steel Structures 


• Structural Steel 
ASTM A36 Standard Specification for Structural Steel 
ASTM A53 Standard Specification for Pipe, Steel, Black and Hot Dipped, Zinc Coated, Welded 
and Seamless 
ASTM A242 Standard Specification for High-Strength Low-allow Structural Steel 
ASTM A572 Standard Specification for High-Strength, Low Alloy Columbium-Vanadium Steels 
of Structural Quality 
ASTM A588 Standard Specification for High-Strength Low Alloy Structural Steel with 50ksi 
Minimum Yield Point to 4 in. Thick 


• High Strength Bolts 
ASTM A325 Standard Specification for High Strength Bolts for Structural Steel Joints 


Fabrication and Inspection 


Fabrication and inspection of the primary steel and concrete of the CRA are in accordance with the 
following: 


Concrete 


• ACI 349 for ITS concrete structures (as modified NUREG 1567 Paragraph 5.4.3.2 when using 
ACI 318 for construction) 


• ACI 318 for ITS concrete structures (as stated in NUREG 1567 Paragraph 5.4.3.3 when using 
ACI 318 for construction) 


• ACI 318 for NITS concrete structures 
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Steel 


• AISC Code of Standard Practice for Steel Buildings and Bridges 


• AWS D1.1 Structural Welding Code - Steel 


Secondary steel and architectural features of the CRA comply with the UBC 


Features Covered by QA Program 
The design, fabrication, inspection and testing of ITS structural concrete and steel shall be in accordance 
with the ISFSI Quality Assurance Program. 


4.7.1.2 Cask Receipt Crane 


The CRC is a fixed single failure proof hoist mounted on a large structural steel tower inside the CRA. 
The design codes and standards for the steel tower are provided above with the CRA structural steel. 
Figure 4.7-1 and Figure 4.2-9 show the hoist and steel tower respectively. The CRC is used to lift the 
Transfer Cask from the transporter on to the cask trolley. The CRC has a rated capacity of 155 tons and a 
working capacity of 150 tons. A loaded Transfer Cask weighs approximately 35 tons. 


Codes and Standards 


The design of the CRC complies with following principal specifications: 


• NUREG-0612, Control of Heavy Loads at Nuclear Power Plants 


• NUREG-0554, Single-Failure-Proof Cranes for Nuclear Power Plants 


• Crane Manufacturers Association of America, Inc. CMAA 70, Specification for Electrical 
Overhead Traveling Cranes 


• ANSI N14.6- American National Standard for Radioactive Materials – Special Lifting Devices 
for Shipping Containers Weighting 10,000 Pounds (4500kg) or More 


• AISC Manual of Steel Construction, 9th Edition 


• NFPA 70 National Electrical Code. 


• AWS D1.1, Structural Welding Code-Steel 


Materials of Construction 


Principal load carrying members of the CRC and other components that perform functions ITS are 
constructed of the materials in Table 4.7-1. 


Fabrication and Inspection 


CMAA 70 is the primary document used for fabrication, construction and testing criteria for the CRC 
with the following exceptions and supplemental requirements: 


• welding is in accordance with AWS D1.1 rather than AWS D14.1 


• anchor bolts are in accordance with AISC, Manual of Steel Construction, 9th Edition 
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• lifting devices are fabricated, tested and inspected per ANSI N14.6 


• NUREG 0554 and NUREG 0612 have been invoked and take precedence over CMAA 70 where 
applicable 


Features Covered by QA Program 


Load bearing members and other components classified as ITS are designed, fabricated, inspected and 
tested in accordance with the ISFSI Quality Assurance Program. 


4.7.1.3 Cask Trolley 


The cask trolley, shown in Figure 4.7-2, is a steel fabricated structure mounted on four rail wheels. The 
cask trolley is used to move the Transfer Cask containing SNF from the CRA to the FPA. The cask 
trolley runs on steel rails from the CRA into the Transfer Tunnel. The cask trolley is designed to transport 
the Transfer Casks described in Appendix A. 


Codes and Standards 


The cask trolley complies with the following principal specifications: 


• NUREG-0612, Control of Heavy Loads at Nuclear Power Plants 


• NUREG-0554, Single-Failure-Proof Cranes for Nuclear Power Plants 


• Crane Manufacturers Association of America, Inc. CMAA 70, Specification for Electrical 
Overhead Traveling Cranes 


• AISC Manual of Steel Construction, 9th Edition 


• ANSI N14.6- American National Standard for Radioactive Materials – Special Lifting Devices 
for Shipping Containers Weighing 10,000 Pounds (4500kg) or More 


• ASME B30.2 and Addenda B30.2a, Overhead and Gantry Cranes (Top Running Bridge, Single 
or Multiple Girder, Top Running Trolley Hoist) 


• AISC – Steel Construction Manual, 9th edition (Rails, rail support plates and cast-in-place anchor 
bolts only) 


Materials of Construction 


Principal load carrying members of the cask trolley and other components that perform functions ITS are 
constructed of the materials listed in Table 4.7-2. 


Fabrication and Inspection 


CMAA 70 is the primary document used for fabrication, construction and testing criteria for the cask 
trolley with the following exceptions and supplemental requirements: 


• welding is in accordance with AWS D1.1 rather than AWS D14.1 


• anchor bolts are in accordance with AISC, Manual of Steel Construction, 9th Edition 
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• lifting Devices are fabricated, tested and inspected per ANSI N14.6 


• NUREG 0554 and NUREG 0612 have been invoked and take precedence over CMAA 70 where 
applicable 


Features Covered by QA Program 


Load bearing members and other components classified as ITS are designed, fabricated, inspected and 
tested in accordance with the ISFSI Quality Assurance Program. 


4.7.1.4 Transfer Area 


The Transfer Area, shown in Figure 4.2-9, Figure 4.2-1 and Figure 4.2-2, includes the north section of the 
Transfer Tunnel, FPA, CCA, operating gallery, waste processing areas, Operations Area, and various 
equipment rooms.  


Codes and Standards 


The Transfer Area is comprised of a concrete structure containing the FPA, CCA, Solid Waste Processing 
Area and north section of the Transfer Tunnel, surrounded by a steel structure containing the Operating 
Gallery, Operations Area and equipment rooms. 


Concrete Structure 


The design of the foundations, walls, roof, and slabs related to the FPA, Transfer Tunnel, and CCA 
comply with the following principal codes and standards: 


• ANSI/ANS 57.9, Design Criteria for an Independent Spent Fuel Storage Installation –Dry Type 


• ACI 349, Code Requirements for Nuclear Related Concrete Structures (for ITS) (as modified by 
NUREG 1567 paragraph 5.4.3.2 when using ACI-318 for construction) 


• ACI 318 for NITS concrete structures 


• ANSI A58.1 – Minimum Design Loads for Buildings and Other Structures 


• ASCE 7 Minimum Design Loads for Buildings and Other Structures 


The design of the balance of the concrete complies with the following principal codes and standards: 


• UBC (partially modified by DOE – ID Architectural/Engineering Standard for snow loads) 


• ASCE 7, Minimum Design Loads for Buildings and Other Structures 


• ACI318, Code Requirements for Reinforced Concrete Structures 
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Steel Structures 


The design of the primary structural steel, crane rails and supports, and the FPA workbench and its 
associated supports and embedments comply with the following principal codes and standards: 


• ANSI/ANS 57.9, Design Criteria for an Independent Spent Fuel Storage Installation – Dry Type, 
Sections 5 and 6 


• AISC Manual of Steel Construction, 9th Edition 


• ANSI A58.1 – Minimum Design Loads for Buildings and Other Structures 


• ASCE 7 Minimum Design Loads for Buildings and Other Structures 


• UBC (partially modified by DOE – ID Architectural/Engineering Standard for snow loads) 


• AWS, Structural Welding Code, D1.1 


• Steel Deck Institute, Design Manual for Composite Decks, Form Decks, Roof Decks, and 
Cellular Deck Floor Systems with Electrical Distribution 


The design of the balance of the structural steel complies with the following principal codes and 
standards: 


• AISC Manual of Steel Construction, 9th Edition 


• ASCE 78 Minimum Design Loads for Buildings and Other Structures 


• UBC (partially modified by DOE – ID Architectural/Engineering Standard for snow loads) 


• AWS D1.1 Structural Welding Code - Steel 


• Steel Deck Institute, Design Manual for Composite Decks, Form Decks, Roof Decks, and 
Cellular Deck Floor Systems with Electrical Distribution 


Materials of Construction 


Concrete Structures 


• Cement 
ASTM C150 Specification for Portland Cement 


• Aggregate 
ASTM C33 Specification for Concrete Aggregate 


• Reinforcement Steel 
ASTM A615 Specification for Deformed and Plain Billet-Steel Bars for Concrete Reinforcement 
ASTM A706 Specification for Low-Alloy Steel Deformed and Plain Bars for Concrete 
Reinforcement 


• Embedments 
ASTM A36 Standard Specification for Structural Steel 
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Steel Structures 


• Structural Steel 
ASTM A36 Standard Specification for Structural Steel 
ASTM A53 Standard Specification for Pipe, Steel, Black and Hot Dipped, Zinc Coated, Welded 
and Seamless 
ASTM A242 Standard Specification for High-Strength Low-allow Structural Steel 
ASTM A572 Standard Specification for High-Strength, Low Alloy Columbium-Vanadium Steels 
of Structural Quality 
ASTM A588 Standard Specification for High-Strength Low Alloy Structural Steel with 50ksi 
Minimum Yield Point to 4 in. Thick 


• High Strength Bolts 
ASTM A325 Standard Specification for High Strength Bolts for Structural Steel Joints 


• Trolley Rails 
ASTM A759 Specification for Carbon Steel Crane Rails 


• Rail Hold Down Brackets 
ASTM A516 Grade 70, Pressure Vessel Plates, Carbon Steel for Moderate and Lower 
Temperature Service 


Fabrication and Inspection 


Fabrication and inspection of the primary steel and concrete of the Transfer Area are in accordance with 
the following: 


Concrete 


• ACI 349 for ITS (as modified NUREG 1567 Paragraph 5.4.3.2 when using ACI-318 for 
construction) 


• ACI 318 for ITS (as stated in NUREG 1567 Paragraph 5.4.3.3 when using ACI-318 for 
construction) 


• ACI 318 for NITS 


Steel 


• AISC Manual of Steel Construction, 1992 


• AWS D1.1 Structural Welding Code - Steel 


Secondary steel and architectural features of the Transfer Area comply with the UBC. 


Features Covered by QA Program 


Concrete and structural steel classified as ITS are designed, fabricated, inspected and tested in accordance 
with the ISFSI Quality Assurance Program. 
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4.7.1.5 Fuel Handling Machine 


The FHM is shown in Figure 4.7-3. The FHM is a 10,000-lb capacity bridge and trolley crane used for 
SNF handling operation inside the FPA. It is single failure-proof in accordance with NUREG-0554. The 
FHM lifting devices are part of the FHM system. The FHM lifting devices are designed to meet the 
applicable requirements of ANSI N14.6. 


Codes and Standards 


The FHM complies with the following principal specifications: 


• NUREG-0612, Control of Heavy Loads at Nuclear Power Plants 


• NUREG-0554, Single Failure Proof Cranes for Nuclear Power Plants 


• CMAA 70, Specification for Electrical Overhead Traveling Cranes 


• ANSI N14.6 - American National Standard for Radioactive Materials – Special Lifting Devices 
for Shipping Containers Weighing 10,000 Pounds (4500 kg) or More 


• AISC, Manual of Steel Construction, 9th Edition 


• ASME B30.2 and Addenda B30.2a, Overhead and Gantry Cranes (Top Running Bridge, Single 
or Multiple Girder, Top Running Trolley Hoist. 


• NFPA 70, National Electrical Code 


• AWS D1.1, Structural Welding Code - Steel 


• ASME BPVC Section IX, Welding and Brazing Qualifications, 2001 Edition, including addenda 
and all supplements 


Materials of Construction 


Principal load carrying members of the FHM are constructed of the materials listed in Table 4.7-3. 


Fabrication and Inspection 


CMAA 70 is the primary document used for fabrication, construction, and testing criteria for the FHM 
with the following exceptions and supplemental requirements: 


• welding acceptance criteria are in accordance with AWS D1.1 rather than AWS D14.1 


• weld procedures and welders will be qualified to AWS D1.1 or ASME BPVC Section IX 


• anchor bolts are in accordance with AISC, Manual of Steel Construction, 9th Edition 


• lifting devices are fabricated, tested and inspected per ANSI N14.6 


NUREG 0554 and NUREG 0612 have been invoked and take precedence over CMAA 70 where 
applicable. 
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Features Covered by QA Program 


Load-bearing members and other components classified ITS are designed, fabricated, inspected and tested 
in accordance with the ISFSI Quality Assurance Program. 


4.7.1.6 Canister Trolley 


The canister trolley, shown in Figure 4.7-4, is used to move loaded ISF canisters from the FPA to the 
CCA for closure lid welding, purging and inerting, and then from the CCA to the Storage Area 
load/unload port. 


Codes and Standards 


The canister trolley complies with the following principal specifications: 


• NUREG-0612, Control of Heavy Loads at Nuclear Power Plants 


• NUREG-0554, Single-Failure-Proof Cranes for Nuclear Power Plants 


• Crane Manufacturers Association of America, Inc CMAA 70, Specification for Electrical 
Overhead Traveling Cranes 


• ASME B30.2 and Addenda B30.2a, Overhead and Gantry Cranes (Top Running Bridge, Single 
or Multiple Girder, Top Running Trolley Hoist) 


• ANSI N14.6- American National Standard for Radioactive Materials – Special Lifting Devices 
for Shipping Containers Weighing 10,000 Pounds (4500kg) or More 


• NFPA 70 National Electrical Code 


• AWS D1.1 2000, Structural Welding Code-Steel 


• AISC – Steel Construction Manual, 9th edition (Rails, rail support plates and cast-in-place anchor 
bolts only) 


Materials of Construction 


Principal load carrying members of the canister trolley are constructed of the materials listed in 
Table 4.7-4. 


Fabrication and Inspection 


CMAA 70 is the primary document used for fabrication, construction, and testing criteria for the Canister 
Trolley with the following exceptions and supplemental requirements: 


• welding is in accordance with AWS D1.1 rather than AWS D14.1 


• rail anchor bolts are in accordance with AISC, Manual of Steel Construction, 9th Edition 


NUREG 0554 and NUREG 0612 have been invoked and take precedence over CMAA 70 where 
applicable. 
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Features Covered by QA Program 


Load bearing members and other components classified as ITS are designed, fabricated, inspected and 
tested in accordance with the ISFSI Quality Assurance Program. 


4.7.1.7 Canister Handling Machine 


The CHM, shown in Figure 4.7-5 and Figure 4.7-6, is a shielded rotating turret assembly mounted on a 
bridge and trolley that runs on rails inside the Storage Area building. The CHM lifts loaded ISF canister 
assemblies from the Canister Trolley and places them in the storage tubes inside the storage vaults.  


Codes and Standards 


The CHM is designed in accordance with the following principal codes and specifications: 


• NUREG-0554, Single Failure-Proof Cranes for Nuclear Power Plants 


• NUREG-0612, Control of Heavy Loads at Nuclear Power Plants 


• CMAA 70, Specifications for Electrical Overhead Traveling Cranes 


• AISC, Manual of Steel Construction Allowable Stress Design, 9th Edition 


• ANSI N14.6, Special Lifting Devices for Shipping Containers Weighing 10,000 pounds (4500 
Kg) or More 


• ANSI/IEEE C2, National Electrical Safety Code 


• NFPA 70, National Electrical Code 


• ANSI/AISC N690, Specification for the Design, Fabrication and Erection of Steel Safety Related 
Structures for Nuclear Facilities 


• ASME B30.2, Overhead and Gantry Cranes (Top Running Bridge, Single or Multiple Girder, 
Top Running Trolley Hoist) 


• AWS D1.1, Structural Welding Code - Steel 


Materials of Construction 


Table 4.7-5 lists the material specifications of the main structural components of the CHM. The 
requirements of the materials selected for the CHM satisfy the requirements of CMAA-70 and the 
additional requirements of NUREG-0554. Components or sub-assemblies of the bridge, trolley, and 
canister hoist are designed as either “structural” or “mechanical” components in accordance with 
CMAA-70-3 and 70-4, respectively.  


Fabrication and Inspection 


CMAA 70 is the primary document used for fabrication, construction and testing criteria for the CHM 
with the following exceptions and supplemental requirements: 


• welding is in accordance with AWS D1.1 rather than AWS D14.1 


• anchor bolts are in accordance with AISC, Manual of Steel Construction, 9th Edition 
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• lifting devices are fabricated, tested and inspected per ANSI N14.6 


• NUREG 0554 and NUREG 0612 have been invoked and take precedence over CMAA 70 where 
applicable 


Features Covered by QA Program 


Load bearing members and other components classified as ITS are designed, fabricated, inspected and 
tested in accordance with the ISFSI Quality Assurance Program. 


4.7.1.8 Storage Area Building (Excluding Storage Vaults) 


The storage vault codes and standards, materials of construction, fabrication, and quality assurance 
features are provided in Section 4.2.1.1. This section addresses the steel framed building over the storage 
vaults. 


The Storage Area building is a NITS structure; however the primary structural members of the building 
have been designed for applicable seismic and tornado loads. 


The Storage Area building, shown in Figure 4.2- 9 and Figure 4.3-8, encloses the storage vaults and 
canister handling machine to provide protection from the environment. The primary structural steel of the 
Storage Area building is supported by the reinforced concrete walls of the storage vault.  


Codes and Standards 


The design of the structural steel of the Storage Area building complies with the following principal codes 
and standards: 


• ANSI/ANS 57.9, Design Criteria for an Independent Spent Fuel Storage Installation – Dry Type, 
Sections 5 and 6 


• AISC Manual of Steel Construction, 9th Edition; 


• ANSI A58.1 – Minimum Design Loads for Buildings and Other Structures 


• ASCE 7 Minimum Design Loads for Buildings and Other Structures 


• UBC (partially modified by DOE – ID Architectural/Engineering Standard for snow loads) 


• AWS, Structural Welding Code, D1.1 


• Steel Deck Institute, Design Manual for Composite Decks, Form Decks, Roof Decks, and 
Cellular Deck Floor Systems with Electrical Distribution 
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Materials of Construction 


• Structural Steel 
ASTM A36 Standard Specification for Structural Steel 
ASTM A53 Standard Specification for Pipe, Steel, Black and Hot Dipped, Zinc Coated, Welded 
and Seamless 
ASTM A242 Standard Specification for High-Strength Low-allow Structural Steel 
ASTM A572 Standard Specification for High-Strength, Low Alloy Columbium-Vanadium Steels 
of Structural Quality 
ASTM A588 Standard Specification for High-Strength Low Alloy Structural Steel with 50ksi 
Minimum Yield Point to 4 in. Thick 


• High Strength Bolts 
ASTM A325 Standard Specification for High Strength Bolts for Structural Steel Joints 


Fabrication and Inspection 


Fabrication and inspection are in accordance with the following: 


• AISC Code of Standard Practice for Steel Buildings and Bridges 


• AWS D1.1, Structural Welding Code - Steel 


Features Covered by QA Program 


The Storage Area building is designed, fabricated, inspected and tested in accordance with applicable 
portions of the ISFSI Quality Assurance Program. 


4.7.2 Installation Layout 


4.7.2.1 Building Plans 


Figure 4.2-1 and Figure 4.2-2 provide a plan view of the first and second floor of the ISF Facility 
depicting the CRA, Storage Area, Transfer Area and interconnecting Transfer Tunnel as well as the 
Operations Area. 


4.7.2.2 Building Sections 


Building section and elevation views of the ISF Facility are provided in the following: 


• Figure 4.2-9 Transfer Tunnel Section (looking east) 


• Figure 4.3-15 Transfer Area Section (looking north) 


• Figure 4.7-7 Storage Area Section (looking north) 


• Figure 4.7-8 Cask Receipt Area Elevation (looking east) 


• Figure 4.3-8 Storage Area Elevation (looking north) 


• Figure 4.3-9 Storage Area Elevation (looking south) 


• Figure 4.7-9 Transfer Area North Elevation (looking south) 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.7-15 


 


  


4.7.2.3 Confinement Features 


The confinement barrier during SNF storage is discussed in Section 4.2.2.3. This section addresses 
confinement features of the ISF Facility during SNF handling operations. 


The confinement boundary associated with SNF handling operations at the ISF Facility is shown in 
Figure 4.7-10. Confinement of radioactive material at the ISF Facility during SNF handling operations is 
accomplished by physical barriers and supplemented by the ventilation system design features. 


Physical barriers that comprise the FPA confinement boundary prevent the spread of radioactive 
materials. In addition, the ventilation system ensures that the flow of air is from areas of low potential 
contamination to areas of higher contamination and then through a series of exhaust HEPA filters before 
release to the environment. A constant volume ventilation exhaust coupled with a variable volume 
ventilation supply is used to accomplish this. 


Supply air is filtered before being introduced into the Transfer Area. In certain areas the supply air is 
filtered through a HEPA filter to prevent the spread of contamination in the unlikely event that a flow 
reversal occurs. Exhaust air is filtered through a minimum of two stages of HEPA filtration before being 
discharged to the atmosphere via the exhaust stack. Refer to Section 4.3.1 for detailed information on the 
design features of the ventilation system. 


Cask Receipt Area 


The CRA does not perform a confinement barrier function. SNF is received at the ISF Facility in the 
Transfer Cask. This cask and associated internal container performs the confinement barrier function 
during this phase of SNF handling operations. 


Transfer Tunnel 


The Transfer Tunnel is designed to ensure that the SNF is protected from damage due to natural 
phenomena during SNF handling operations. The Transfer Tunnel is seismically designed and also 
provides tornado wind and missile protection to the cask trolley and canister trolley. This is accomplished 
by the use of thick reinforced concrete walls, ceiling, and the outer door of the Transfer Tunnel. The cask 
trolley and canister trolley are also designed to prevent damage to the SNF during a seismic event. This is 
accomplished by the use of lock pins and rail brackets that prevent movement of these trolleys under 
seismic loading conditions. 


The Transfer Tunnel is served by the Transfer Area Ventilation System, which is provides both controlled 
air flow and HEPA filtration of the exhaust from the Transfer Tunnel. The inner and outer Transfer 
Tunnel doors also provide ventilation control and impede the spread of contamination from the Transfer 
Tunnel. The outer Transfer Tunnel door is designed to withstand design basis accidents. 


SNF inside the Transfer Tunnel is located within the Transfer Cask or the canister cask. These casks 
provide additional protection to the SNF. 
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Fuel Packaging and FHM Maintenance Areas 


The FPA and FHM Maintenance Area provide a confinement barrier during SNF transfer operations and 
are designed to maintain this function during normal, off-normal, and accident conditions. During SNF 
packaging operations, the confinement boundary is provided by physical barriers formed by: 


• concrete floor, ceiling and walls 


• shield windows 


• sealed wall penetrations 


• HEPA filters and duct work 


• personnel shielded access door into the FHM maintenance area 


• FHM maintenance area hoist well 


• port plugs located in the floor of the FPA 


• inflatable seals at the canister and cask port 


Portions of the HVAC ductwork, dampers and filters form part of the confinement barrier as shown in 
Figure 4.3-5. 


The personnel shielded access door provides access into the FHM Maintenance Area. This door remains 
closed during normal SNF transfer operations and is part of the confinement boundary. This door is 
designed to withstand tornado and seismic loads and to minimize leakage. 


There are two ports in the floor of the FPA that open to the Transfer Tunnel, the Cask Port and the 
Canister Port. When SNF is not being transferred in or out of the FPA, these ports are kept closed by the 
installation of the cask port plug and canister port plug that serve a confinement barrier function. 


During SNF transfer operations between the Transfer Cask and the FPA, an inflatable seal on the 
underside of the cask port, shown in Figure 4.7-11, mates with the cask adapter plate mounted to the 
Transfer Cask to provide a confinement barrier extension into the transfer cask. This inflatable seal 
ensures the integrity of the confinement barrier is maintained when the cask port plug is removed, and 
prevents a radiological release into the Transfer Tunnel in the event of a failure of the HVAC system. The 
inflatable seal is classified ITS and is designed to maintain a seal in the event of a loss of off-site power or 
seismic event. Before removing the cask port plug or the transfer cask lid, this seal will be inflated. Once 
inflated, the fail-safe position of the seal is to remain inflated. 


Upon completion of SNF transfer operations from the Transfer Cask to the FPA, the transfer cask lid is 
reinstalled, the cask port plug is replaced in the cask port, and the cask port seal is deflated. At this time 
the confinement boundary inside the FPA becomes the cask port plug. 


A similar arrangement is used at the canister port. Once the canister trolley is positioned under the 
canister port, the trolley jacks the canister cask upward into the recess below the canister port. The 
canister port seal, shown in Figure 4.7-12, is inflated to form a seal with the canister cask outer shield 
ring. With the canister port seal inflated, the canister port plug is removed allowing access to the ISF 
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canister located inside the canister cask. A loaded SNF basket or reflector module can then be lowered 
into the ISF canister while maintaining the integrity of the FPA confinement boundary. 


After SNF transfer operations into the ISF canister are completed, the canister shield plug is installed into 
the ISF canister and the canister port plug is replaced. At this time the confinement boundary inside the 
FPA becomes the canister port plug. The canister port seal is then deflated, and the canister trolley lowers 
the loaded ISF canister down to clear the recess below the canister port. The canister trolley is now 
moved to the CCA port for welding of the canister lid assembly. 


The Transfer Tunnel, the canister cask, and the canister shield plug that covers the top of the canister 
basket protects the SNF located in the loaded ISF canister from damage. This configuration maintains the 
SNF in a stable and protected configuration while the loaded ISF canister is in the CCA port. 


The cask port and canister port seals are inflated by the facility compressed air system. Seal deflation is 
avoided during transfer operations through the use of a pilot valve and check valves. Seal deflation is 
achieved by actuating a solenoid valve that applies air to the pilot to vent the inflated seal. The solenoid 
and pilot valve fail-safe position is to prevent seal deflation by blocking the vent path. A relief valve 
prevents over-inflation of the seals, and pressure switches monitor the minimum and maximum inflation 
pressure with indication in the operating gallery. Components that function to maintain the confinement 
boundary, which include the pilot valve, check valves and relief valve and associated connecting tubing to 
the seals are classified ITS and are seismically designed. 


A camera system installed within the Transfer Tunnel provides a video display of the canister trolley and 
cask trolley to the operators in the operating gallery. 


There are also two waste ports (canister waste port and process waste port) in the floor of the FPA that 
open to the Solid Waste Processing Area. These ports are normally closed by the canister waste port plug 
and process waste port plug when SNF handling operations are occurring inside the FPA. These plugs are 
part of the confinement boundary during normal operations when waste transfers out of the FPA are not 
occurring. 


The waste ports will not be open during SNF handling operations. In addition, if SNF is present inside the 
FPA, it must be in a designated storage location before removal of either waste port. This will minimize 
the potential for a release of contamination while a waste port is open. As an added precaution, the HVAC 
system must also be operating before removing either waste port. This will ensure that air flow is directed 
into the FPA to prevent the release of any radioactive contamination to the solid waste processing area. 
Additional details of the HVAC system design during waste transfer operations are provided in 
Section 4.3.1, Ventilation and Off-gas Systems. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.7-18 


 


  


4.7.3 Individual Unit Description 


SNF handling operations at the ISF Facility begin in the CRA, and ends when the SNF is stored in storage 
tubes within the Storage Vaults. The following areas are involved in SNF handling operations and are 
described in detail in this section: 


• Cask Receipt Area 


• Transfer Tunnel 


• Fuel Packaging Area 


• Canister Closure Area 


• Storage Area 


4.7.3.1 Functions of Fuel Handling Operational Areas 


4.7.3.1.1 Cask Receipt Area 


Cask Receipt Area Description 


The CRA, shown in Figure 4.2- 9, Figure 4.2-1 and Figure 4.7-8 provides a weather-protected area to 
receive the Transfer Cask, lift the cask from the transporter, and place it on the Cask Trolley. The cask 
adapter and cask lid lifting attachment are also installed inside the CRA. 


The CRA is a steel-frame building approximately 86 feet by 63 feet. Because the CRA finished floor level 
is below grade elevation, a 5-foot retaining wall around most of the perimeter of the CRA is used. 
Portions of the west and north sides of the CRA do not have retaining walls to permit access to the 
building via a sloped driveway, and access into the Transfer Tunnel respectively. A trench and sump pit at 
the west entrance roll-up door prevents rainwater run-off from entering the CRA. 


Reinforced-concrete footers and the retaining wall around the perimeter of the building provide support 
for structural steel columns. The exterior of the CRA is constructed from steel panels bolted to the steel 
superstructure. The roof of the CRA is a pitched standing seam metal roof over steel roof joists and 
purlins. There are isolated footers located in the center of the CRA, which provides bearing support for 
the columns of the 155-ton CRC. 


The floor of the CRA is a reinforced concrete “floating” slab design with a finished floor elevation of 
4913 feet, 2 inches, established to provide an elevation equal to the top of the cask trolley rails that enter 
the north end of the CRA from the Transfer Tunnel. The floor of the CRA is essentially level with 
minimal sloping for drainage to the floor drains. A recessed area on the west entrance to the CRA is 
designed to control run-on of precipitation, or run-off of any diesel fuel or oil that may drop on the floor 
from the transport vehicle during transfer cask delivery. 


A pair of steel rails on 12-foot centers enters the CRA from the north end and traverses the building for a 
distance of approximately 42 feet. The rails are supported by a thicker reinforced-concrete slab that 
extends from the Transfer Tunnel into and under the CRC. The rails run in trenches such that the tops of 
the rails are flush with the finished floor of the CRA. The rails are attached to concrete embedments by 
mechanical means. 
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A steel roll-up door on the west end provides access for the Transfer Cask transporter to the CRA from 
the adjacent road. The CRA is adjacent to the Transfer Tunnel to permit cask unloading and transfer in a 
climate-controlled condition. The CRA is structurally isolated from the adjacent Transfer Tunnel/Storage 
Area by a seismic isolation joint. Electric heaters inside the CRA maintain the temperature above 32°F. 
Cask handling operations are not performed if the temperature inside the CRA is less than 32°F, or more 
than 104°F. 


An auxiliary overhead crane with a capacity of 10 tons runs along elevated rails, in the north-south 
direction. The auxiliary crane is used to remove shipping clamps and install lifting devices on the 
Transfer Cask. 


Cask Receipt Area Activities 


The Transfer Cask is delivered to the CRA on a horizontal transporter. The transporter is moved through 
the CRA external roll-up door and positioned below the CRC. The CRC is a 155-ton fixed hoist, 
supplemented by the cask receipt auxiliary (10-ton X-Y) crane. 


Using a combination of the vertical hoist movements of the CRC, and horizontal motion of the 
transporter, the cask is rotated from the horizontal to the vertical position, pivoting on the lower trunnions 
of the transfer cask and trunnion saddles of the transporter. Once vertical, the cask is raised to clear the 
trunnion saddles of the transporter, allowing the transporter to move away from under the transfer cask. 


The cask trolley is moved into position to its pre-determined location below the transfer cask. The hoist 
lowers the transfer cask into the cask trolley. The cask restraint is fitted to restrain the cask within the 
trolley. The CRC lifting device is disconnected from the transfer cask and raised to clear the path for the 
auxiliary crane. 


The cask receipt auxiliary crane installs the cask adapter to the top of the cask. The cask adapter is a 
circular collar designed to rest on top of the upper trunnions of the transfer cask and around the outside of 
the cask body. The adapter has cutouts that mate with the upper trunnions of the cask. The cask adapter 
has hold down features and turnbuckles, which attach to the trolley base frame and firmly anchor the 
transfer cask to the cask trolley. At this time the transfer cask lid lifting attachment, which allows the 
transfer cask lid to be handled within the FPA, is secured to the cask lid, using the auxiliary crane. The 
cask receipt auxiliary crane is moved away from the cask trolley and the trolley is clear to approach the 
Transfer Tunnel outer door. 


The CRA houses the controls for the CRC, the cask receipt auxiliary crane, cask trolley, and Transfer 
Tunnel inner and outer doors. 


Cask Receipt Area Performance Objectives 


The performance objectives for the CRA are: 


• provide a structural load path and foundation for the CRC (ITS function) 


• provide a structural load path and foundation for the cask trolley rails (ITS function) 


• maintain structural integrity of the primary steel super-structure during postulated tornadoes, 
earthquakes and floods to prevent collapse 
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• provide a structural load path for receipt of the Transfer Cask transport vehicle 


• provide a temperature-controlled environment to maintain the CRC above 32°F to facilitate cask 
handling operations 


• provide a controlled environment free from the effects of rain and snow to allow safe handling of 
shipping casks during inclement weather 


• provide a level of comfort to operations personnel by the use of ventilation and heating inside the 
area. 


• provide adequate lighting to facilitate cask handling operations 


• provide a staging area for equipment required for cask handling operations 


4.7.3.1.2 Transfer Tunnel 


Transfer Tunnel Description 


The Transfer Tunnel, shown in Figures 4.2-1 and Figure 4.2-9, provides a shielded and protected route for 
the cask trolley to safely travel between the CRA and the FPA and the canister trolley to travel between 
the FPA, the CCA, and the Storage Area. 


The Transfer Tunnel is structurally part of two separate areas. The south section is integral with the 
Storage Area vaults, and was designed and analyzed as part of that structure. The north section is integral 
with the Transfer Area structure, and was designed and analyzed as part of that structure. A seismic 
isolation joint between these two structures allows for differential movement during the design 
earthquake. 


The Transfer Tunnel is made primarily of reinforced concrete that provides a shielded corridor between 
the CRA, Storage Area, FPA and CCA. Rails attached to the floor of the tunnel provide the load path for 
both the cask and canister trolley. Both trolleys run on common rails. Interlocks are provided to preclude 
collisions between the trolleys in the tunnel. The tunnel runs from the CRA on the south end, to the CCA 
on the north end, a distance of approximately 170 feet. 


The Transfer Tunnel walls and ceiling are sufficiently thick to provide the necessary radiation shielding in 
the event that personnel need to access this area while SNF is in the FPA bench vessels or Storage Area 
vaults. Access ports in the ceiling of the Transfer Tunnel allow access to the second floor of the Storage 
Area building, FPA, and CCA. These access ports have removable plugs, which are normally installed 
unless transfer operations or ISF canister closure activities are occurring. In addition, a maintenance hatch 
is built into the Transfer Tunnel ceiling, below the southwest corner of the Storage Area, to support CHM 
maintenance activities. 


A camera system installed within the Transfer Tunnel allows the operators to view cask and canister 
trolley transfer operations. The Transfer Tunnel houses the positional switches that interact with the 
trolley instrumentation to allow the operators at the trolley control station to monitor the position of each 
trolley. 


The Transfer Tunnel is separated from the CRA by a steel outer door that provides tornado protection to 
the cask and canister trolleys during SNF transfer operations taking place inside the Transfer Tunnel. This 
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door also supports the HVAC system in controlling the air flow through the Transfer Tunnel. A second 
door is installed deeper into the Transfer Tunnel at the north end of the Cask Decontamination Zone. This 
inner door is closed when SNF transfers are occurring between the Transfer Tunnel and the FPA to aid in 
maintaining the required differential pressure and air flow between these areas. The HVAC system 
maintains the Transfer Tunnel at a pressure below the CRA to ensure the flow of air is from the CRA to 
the Transfer Tunnel when these doors are open. 


Manned access into the north end of the Transfer Tunnel is permitted under strict radiological control to 
facilitate recovery of the trolleys and maintenance of the inflatable seals, should it be necessary. The 
exception is when “vertical” SNF transfers are taking place (i.e., SNF transferred into or out of the FPA 
or Storage Area). 


Transfer Tunnel Activities 


The south end of the Transfer Tunnel contains the Cask Decontamination Zone. The Outer Transfer 
Tunnel Door and the Inner Transfer Tunnel Door define this area. Arriving Transfer Casks are monitored 
for flammable gas atmospheres and internal airborne contamination levels in this area prior to transferring 
the SNF into the FPA. This area is also used to remove the Transfer Cask lid bolts. The cask adapter, 
installed inside the CRA, contains lid hold down features to securely hold the transfer cask lid in place 
with the lid bolts removed.  


The Cask Decontamination Zone is also the area where empty Transfer Casks are monitored after the 
SNF has been transferred into the FPA, before traveling back into the CRA to be returned for reuse. If 
unacceptable levels of external contamination are discovered, the cask and cask trolley will be 
decontaminated. 


In the ceiling of the Cask Decontamination Zone is an access hatch into the Storage Area building. This 
hatch provides a raised area to allow workers to access the top of the Cask Trolley to remove and install 
bolts on the transfer cask lid. This hatch is also used to transfer equipment and parts for the CHM located 
inside the Storage Area building to the CRA. 


The north end of the Transfer Tunnel contains four ports. These ports have removable port plugs, which 
are normally installed unless transfer operations or ISF canister closure activities are occurring. A 
description of these ports follows: 


Cask Port. The cask port, which has an internal diameter of 51 inches, provides a path between the 
Transfer Tunnel and the FPA. This port is used to allow the contents of the Transfer Cask, which is 
positioned under this port by the cask trolley, to be removed and placed inside the FPA for further 
processing and repackaging. This port has an inflatable seal that is inflated before opening the port. The 
seal inflates downward and makes contact with the cask adapter as shown in Figure 4.7-11. The cask port 
plug weighs approximately 8354 pounds and is 62 inches at its largest diameter. The cask port plug is 
made from a fabricated steel exterior shell filled with concrete, and has stepped sides to provide shielding 
and positive positioning inside the port opening. The cask port plug is removed and installed by the FHM 
hoist, which has a capacity of 10,000 pounds. 
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Canister Port. The canister port provides a path between the Transfer Tunnel and the FPA to load SNF 
into an awaiting ISF Canister. An ISF canister is positioned under this port by the canister trolley. The 
canister trolley jacks the canister cask up into a 52-inch diameter cavity in the Transfer Tunnel ceiling, 
located immediately below the canister port opening. The canister port opening into the FPA is 26 inches, 
which permits loading 18 inch and 24 inch ISF baskets or Shippingport reflector modules into awaiting 
ISF canisters. The recess minimizes the direct radiation path into the Transfer Tunnel during SNF 
transfers into the ISF canister. This feature also improves viewing of the ISF canister within the FPA and 
improves the reach when loading the ISF canister. This port has an inflatable seal that is inflated before 
opening the port. The seal inflates radially inward to contact the canister trolley cask outer shield ring as 
shown in Figure 4.7-12. The canister port plug weighs approximately 2568 pounds and is nominally 
38.5 inches at its widest diameter. The canister port plug is made of steel and has stepped sides to provide 
shielding and positive positioning inside the port opening. The canister port plug is removed and installed 
by the FHM hoist, which has a capacity of 10,000 lbs. 


CCA Port. This port provides a path between the Transfer Tunnel and the CCA. The Canister Trolley is 
positioned under this port with a loaded ISF canister after leaving the FPA. This port location is used to 
weld the ISF canister lid assembly to the ISF canister body assembly and to perform purging, vacuum 
drying, inerting, weld examinations and leak checks on the completed assembly. The port cover is made 
of carbon steel plate and has a diameter of approximately 54 inches and weighs approximately 1920 lbs. 
The CCA port cover is normally handled by the CCA crane, which has a capacity of 10 tons. The CCA 
cover is also placed on top of the canister cask after closure activities are completed on the ISF canister. 
Placing the port cover on top of the cask provides additional shielding prior to removing the collets. Once 
the collets are removed, the canister trolley lowers the cask into the Transfer Tunnel, leaving behind the 
CCA port cover in the port opening. 


Storage Area Load/Unload Port. The storage area load/unload port provides a path between the 
Transfer Tunnel and the Storage Area Building. The canister trolley is positioned under this port after ISF 
canister closure operations have been completed at the CCA. This port is accessed by the CHM to lift the 
loaded ISF canister from the canister trolley and raise it up into the CHM turret. The CHM then travels 
over the charge face to deposit the ISF canister in the designated storage tube location. A thick steel cover 
plate protects the port plug from tornado missiles and damage that could occur during routine 
maintenance in this area. The cover plate weighs approximately 1025 pounds, and is removed and 
installed by the storage area maintenance hoist, which has a capacity of 10 tons. 


Below the cover plate is the storage area load/unload port, which is designed with an inner and outer 
section that allows the port to be configured differently to accommodate 18-inch and 24-inch ISF 
canisters. The inner port plug is nominally 18 inches in diameter and is made from a steel external shell 
filled with concrete. The outer port liner is a steel ring that creates a 25-inch diameter port opening when 
removed. When an 18-inch canister is being handled, the inner port plug is removed by the CHM. This 
section weighs approximately 1000 lbs. When a 24-inch canister is being handled, the inner plug and 
outer port liner are connected together by a connecting ring and are removed as one piece by the CHM. 
This combined assembly weighs approximately 2500 lbs. 
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Transfer Tunnel Performance Objectives 


The performance objectives for the Transfer Tunnel are: 


• Provide a structural load path and foundation for the rails of the cask trolley and canister trolley 
(ITS function) 


• Provide structural support and foundation for the FPA (ITS function) 


• Provide structural support and foundation for the Storage Area (ITS function) 


• Maintain structural integrity of the west wall of the Storage Area vault (ITS function) 


• Prevent missiles generated by the design basis tornado from impacting SNF stored in the Storage 
Area vault (ITS function) 


• Prevent missiles generated by the design basis tornado from impacting the cask trolley and 
canister trolley during SNF transfer operations (ITS function) 


• Prevent damage to SNF during a design earthquake (ITS function) 


• Prevent damage to the SNF by maintaining the structural integrity of the load path of the cask 
trolley and canister trolley during the design basis flood (ITS function) 


• Prevent damage to SNF by mitigating and containing the effects of a fire at the ISF Facility 


• Provide radiological protection to workers in the Transfer Tunnel by shielding the direct radiation 
from ISF canisters stored in the adjacent storage vaults or SNF within the FPA 


• Provide a physical personnel barrier to prevent unauthorized or inadvertent entry during transport 
activities to prevent radiation exposure to workers 


• Provide a temperature and weather-controlled environment to permit safe SNF transfer operations 
during inclement weather 


4.7.3.1.3 Fuel Packaging Area 


Fuel Packaging Area Description 


The FPA, shown in Figure 4.3-15 and Figure 4.7-13, is a shielded, tornado protected, seismically 
designed confinement barrier to safely and remotely handle SNF. SNF is removed from the Transfer 
Cask, unpackaged, inspected, placed in new ISF baskets and into new ISF canisters inside the FPA. 


The FPA is located inside the Transfer Area and is constructed with thick reinforced concrete walls, floor 
and ceiling. The FPA long axis runs perpendicular over the top of the Transfer Tunnel as shown in 
Figure 4.2-2. 


On the east end of the FPA the concrete floor has two cavities that extend down to the first floor at 
elevation 4917 feet, 6 inches. A steel “workbench” bridges across these cavities at elevation 
4938 ft-6 inches, and is used to support a number of cylindrical bench vessels used to temporarily hold 
the SNF baskets, waste containers and monitoring equipment during the various repackaging campaigns. 
The workbench also contains the decanning machine and designated laydown areas for the various lifting 
devices and equipment within the FPA. The east cavity is provided to allow future activities not included 
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in the scope of this SAR. The workbench and associated structural steel spans across the FPA and is 
supported by corbels on the north and south walls. 


On the west end of the FPA is an area designated for maintenance of the FHM. The FHM enters this area 
by passing through a concrete shield wall that has a T-shaped slot. Two steel shield doors normally close 
off the slot. The elevated ceiling above the FHM maintenance area allows workers access to the top of the 
FHM and provides a cavity to retract the upper shield door. Power screw jacks are mounted on the roof of 
the FHM Maintenance Area to raise the larger upper door. A smaller door covers the lower slot in the 
wall. The slot provides clearance for the PMS mast. The lower door travels horizontally on rails. Both 
doors are on the FHM Maintenance Area side of the dividing wall. The steel shield doors between the 
FPA and the FHM Maintenance Area allows workers to perform maintenance on the FHM even with 
SNF located inside the FPA. The personnel shielded access door provides the only personnel access into 
the FHM Maintenance Area. There is no direct personnel access into the FPA. The FPA shield doors are 
described in greater detail later in this chapter. 


Most of the handling operations within the FPA are performed by the FHM. The FHM comprises an 
overhead electric crane, fitted with a top running bridge and cross travel trolley. The FHM is equipped 
with a 10,000-lb hoist unit and a PMS. The FHM range of motion is from the east wall of the FPA to the 
west wall of the FHM Maintenance Area. A range of lifting devices are used to suit various lifting 
applications. 


The cask trolley and canister trolley can be accessed via designated ports in the floor of the FPA. These 
ports allow SNF to be moved in and out of the FPA using the FHM under the remote control of operators 
located in the operating gallery. Shielded plugs are provided for each of the ports. These plugs provide 
radiation protection and define part of the confinement barrier between the FPA and the Transfer Tunnel. 
These plugs also help to ensure a negative pressure is maintained in the FPA relative to the surrounding 
areas. 


The FPA is designed with the capability to monitor and handle solid waste generated during SNF 
handling and packaging operations. Waste is routed to the Solid Waste Processing Area through either the 
process waste port or the canister waste port located on the west side of the FPA. These waste ports are 
normally closed during SNF handling operations. When SNF handling operations are not occurring, the 
waste ports also provide a route for bringing new equipment into the FPA. 


Four shield windows on the south wall and three shield windows on the north wall provide visual 
observation stations for operators during SNF handling operations. Master-slave manipulators (MSM) are 
positioned at the shield window locations to perform manual operations inside FPA. The shield window 
assembly has a sealed-glass plate fixed to the window liner on the inside of the FPA that prevents the 
spread of radioactive contamination if the shield window is removed from the window liner for 
maintenance. The shield windows have been evaluated to demonstrate that they can withstand accident 
events. The shield window set is also designed for the temperature differentials that could occur between 
the inside of the FPA and the operating galley during normal, off-normal, and accident conditions. 


A camera system in conjunction with the shield windows provides the ability to visually identify SNF 
cans or elements, and provides a documented inventory record of the SNF that is handled and packaged. 
Cameras are mounted in the FPA and also on the FHM. The weight of each unloaded and loaded ISF 
basket is documented using information from a load cell on the FHM allowing for a record of the weight 
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of SNF stored in each ISF canister. Through-wall penetrations in the walls of the FPA are designed to 
minimize radiation dose rates to operators in the Operating Gallery. 


Fuel Packaging Area Activities 


The following SNF handling activities occur in the FPA: 


• Removing the lid from the Transfer Cask 


• Unloading the DOE canister from the Transfer Cask 


• Removing the lid from the DOE canister 


• Removing SNF elements from the DOE canister 


• Performing decanning operations (PB 1 fuel only) 


• Transferring SNF elements to the ISF basket 


• Installing the basket lid (except Shippingport reflector modules) 


• Placing the loaded basket inside the ISF canister (except Shippingport reflector modules which 
are loaded directly into baskets pre-installed in the ISF canister) 


• Placing the shield plug inside the ISF canister 


In addition to the above, to recover from potential problems that may occur during SNF repackaging 
campaigns, a worktable system, as shown in Figure 4.7-14, is available inside the FPA. This is a multi-
purpose station bolted to the FPA workbench that incorporates various machines and equipment for 
handling and decontaminating empty waste containers used in the transfer of the SNF. The worktable 
system can also be used in recovery and packaging of damaged SNF elements, recovery of stuck or 
broken SNF elements in a fuel can, or cutting and sectioning empty SNF containers. 


Details on specific SNF handling operations inside the FPA are provided in Chapter 5. 


Fuel Packaging Area Performance Objectives 


The performance objectives for the FPA are: 


• Prevent the release of radioactive materials to the environment during normal, off-normal, and 
accident conditions (ITS function) 


• Provide a confinement barrier to permit safe handling of SNF during normal, off-normal, and 
accident conditions (ITS function) 


• Prevent damage to SNF during normal, off-normal, and accident conditions (ITS function) 


• Ensure SNF remains in a subcritical configuration during normal, off-normal, and accident 
conditions (ITS function) 


• Provide the capability to maintain SNF temperatures within allowable material limits (ITS 
function) 


• Provide a structural load path and foundation for the rails of the FHM (ITS function) 
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• Provide structural support and foundation for the bench vessels that contain SNF (ITS function) 


• Provide visual capability through shielded windows and CCTV to allow observation, inspection, 
and documentation of SNF packaging operations 


• Prevent missiles generated by the design basis tornado from impacting SNF being handled in the 
FPA (ITS function) 


• Prevent damage to SNF during the design earthquake (ITS function) 


• Prevent damage to the SNF by maintaining the structural integrity of the confinement barrier 
during the design basis flood (ITS function) 


• Prevent damage to SNF by mitigating the effects of a fire at the ISF Facility 


• Provide temporary storage capability for SNF arriving at the ISF Facility before packaging into 
ISF canisters 


• Provide shielding to workers in the operating gallery and surrounding office and maintenance 
areas due to direct radiation from the SNF being handled in the FPA 


• Provide a physical personnel barrier to prevent unauthorized or inadvertent entry to prevent 
worker exposure to very high radiation dose rates 


• Provide an area to perform remote SNF handling operations 


• Provide a shielded area to permit maintenance and repair activities on the FHM 


4.7.3.1.4 Canister Closure Area 


Canister Closure Area Description 


The CCA, shown in Figure 4.7-15 and Figure 4.7-16 provide a controlled area to perform canister closure 
activities, which include welding, purging, vacuum drying, inerting, inspections, and testing. 


The CCA is a reinforced-concrete room approximately 22 feet wide by 40 feet long and 27 feet high, 
located immediately north of the FPA. The Transfer Tunnel runs below a portion of the CCA to allow the 
canister trolley to be positioned under the floor for access to the CCA port. The CCA building is 
structurally part of the FPA and is located within the Transfer Area of the ISF Facility. 


Adjacent to the CCA is an operations office and equipment room where operators monitor canister 
closure operations. A large observation window between the operators office and the CCA allows 
operators to view the automatic welding, vacuum drying, helium fill, and leak detection sequences while 
remaining outside of the immediate CCA working area. Use of remotely operated equipment reduces the 
dose burden to the operators. 
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The CCA contains the following major components: 


• canister vertical storage rack containing new ISF canister body assemblies and a canister lifting 
cage disassembly station 


• canister lifting cage 


• canister handling equipment 


• canister cleaning module 


• canister welding system 


• vacuum dry, helium fill and leak detection system 


• new ISF canister lid assembly storage racks 


• CCA port and cover plate 


• new canister port and cover plate 


Canister Closure Area Activities 


The following activities are performed in the CCA: 


• receiving and staging new empty ISF canister and ISF basket assemblies 


• installing new empty ISF canisters into the canister trolley via the CCA port 


• maintenance on the canister heater module and canister cleaning module 


• removing ovality from the ISF canister lower subassembly before welding the ISF canister upper 
subassembly 


• welding the ISF canister upper subassembly to the lower subassembly after SNF is loaded into 
the ISF canister 


• performing non-destructive examination on the closure weld 


• vacuum drying the loaded canister 


• inerting the canister with helium gas 


• fitting threaded vent plug into canister vent port 


• seal welding the canister vent plug 


• performing non-destructive examination on the vent plug seal weld 


• performing helium leak testing on the canister closure weld and vent plug seal weld 


New Canister Operations 


New ISF canisters are delivered to the ISF Facility from the fabricators in a new canister crate and placed 
into storage at the ISF Facility warehouse. The empty ISF canisters and baskets are moved horizontally 
from the warehouse to the CCA using the new canister cart. When the new canister cart is positioned 
under the CCA new canister port and the loading bay outer doors are closed, the new canister port can be 
opened. The canister lifting cage and the CCA crane are used to raise the canister and basket from the 
horizontal to vertical position and up into the CCA. The ISF canister shield plug and lid assembly are 
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lifted into the CCA separately from the canister body assembly. The ISF canister body assemblies are 
stored in vertical racks inside the CCA. 


After the canister trolley has transported a loaded canister to the Storage Area, it returns to the CCA to 
collect an empty canister. The canister cask is prepared to receive the new canister by removing the cask 
and canister funnels, and the collet system (described below). This exposes the lifting cage that had been 
used to place the previous canister into the canister cask. This cage is removed and the canister heater 
module is inspected before lowering in the new ISF Canister. A spacer stool is used in the canister heater 
module to accommodate short ISF Canisters. 


After placing a new ISF canister, contained in a lifting cage, into the canister cask, the upper lifting 
equipment is detached from the lifting cage and the canister cask collets are fitted. The internal diameter 
of the new ISF canister body assembly adjacent to the lid weld is trued up using the collets. This removes 
ovality from the bore of the canister body to ensure that the lid assembly fits correctly. The anti-
contamination seals are fitted to the protruding portion of the canister and the cask shield ring and basket 
funnel are fitted. 


The ISF basket is lifted out and then replaced to check that it fits freely in the ISF canister. The ISF 
canister shield plug is placed into the ISF canister and similarly cycled using the CCA crane. After the 
shield plug has been demonstrated to fit freely in the canister, its lifting pintle is fitted with a threaded 
plug that prevents further handling of the shield plug inside the CCA. This is to mitigate any inadvertent 
attempt to remove the shield plug from the canister after it has been loaded with SNF. The canister trolley 
is now ready to be transferred to the FPA for SNF loading operations. 


Canister Closure Operations 


After the ISF basket and ISF canister have been loaded at the FPA and the ISF canister shield plug 
reinserted, the canister trolley is then moved along the Transfer Tunnel into position under the CCA port. 
The canister trolley jacks the canister cask (with the loaded ISF canister and basket assembly) partially 
into the CCA floor opening. The CCA port cover plate is removed from the floor of the CCA. The 
canister trolley is jacked-up further to permit access to the ISF canister for welding, inspection, vacuum 
drying, and inert filling operations. 


After the cask shield ring and basket funnel have been removed from the top of the canister cask, the 
protruding end of the ISF canister is inspected to ensure that no damage has occurred during the basket 
loading operations. The exposed surfaces of the ISF canister are cleaned and swabbed to check that no 
contamination is present on the canister outside surfaces. 


The upper ISF canister subassembly is then installed and welded to the lower ISF canister subassembly 
using the automated canister welding system, followed by NDE inspections. The canister is then vacuum 
dried and filled with helium gas. A helium leak test is performed on the circumferential weld between the 
upper and lower subassemblies. Finally, the vent port plug is fitted and the port seal welded closed and 
inspected. The vent port weld is inspected by dye penetrant inspections, and helium leak test. 


The canister cask shield ring and the canister funnel are fitted to the top of the cask, and before the cask 
collets are released the CCA port cover plate is placed over the top of the cask shield ring. The CCA port 
cover plate is 2 inches thick and by placing it over the top of the cask, it reduces the streaming dose from 
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the ISF canister that occurs when the collets are released. With the cover plate in place, the cask collets 
are released and the canister cask is lowered into the Transfer Tunnel by the canister trolley jacking 
system. As the cask passes down through the CCA port, the cover plate is automatically left behind to 
close the port, and maintain control of the ventilation differential pressure between the CCA and Transfer 
Tunnel. The canister trolley then moves the sealed canister down the Transfer Tunnel to the Storage Area 
load/unload port for the canister to be removed from the canister cask and placed into the storage vault. 


Canister Closure Area Performance Objectives 


The performance objectives of the CCA are: 


• Prevent damage to SNF during normal, off-normal and accident conditions (ITS function) 


• Provide the capability to maintain SNF temperatures within allowable material limits (ITS 
function) 


• Provide a temperature-controlled environment to facilitate canister closure welding and vacuum 
drying 


• Provide an area to stage, handle, and install new canisters into the canister trolley 


• Provide visual capability through an observation window to monitor canister welding, inerting, 
inspecting, and testing activities 


• Provide a boundary to ensure proper ventilation flow path during normal operating conditions 


• Prevent damage to the SNF during the design earthquake (ITS function) 


• Prevent damage to the SNF by mitigating the effects of a fire at the ISF Facility 


• Provide shielding to workers in the operating gallery and surrounding office and maintenance 
areas due to direct radiation from the SNF inside loaded canisters in the CCA 


4.7.3.1.5 Storage Area Building 


Storage Area Building Description 


The Storage Area building, shown in Figure 4.2-4, provides a weather-protected area that covers the 
Storage Area vaults and portions of the Transfer Tunnel. A detailed description of the Storage Area vaults 
are provided in Section 4.2. This section addresses the building above the vaults and charge face. 


The Storage Area building is a steel-framed structure mounted on top of the walls of the Storage Area 
vaults. The steel-frame superstructure is covered with metal panels and a standing seam pitched metal 
roof over steel joists and purlins. 


Fixed louvers located in the walls of the building provide airflow to support natural circulation cooling of 
the Storage Area vaults. The building also has exhaust fans and intake air louvers to provide forced air 
flow for personnel comfort. This forced ventilation is not required to maintain temperature limits for the 
SNF stored in the vaults below. Electric heaters are used to maintain the general area inside the Storage 
Area building and the CHM above 32°F in the winter to permit canister handling operations to continue in 
cold weather. Section 4.3.1 provides additional details on the HVAC system design. 
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The CHM runs along rails mounted to the walls of the Storage Area vaults. The steel superstructure of the 
Storage Area building is independent of the CHM. The Storage Area building also covers the south end of 
the Transfer Tunnel, which allows the CHM to access the Storage Area load/unload port inside a climate-
controlled area. 


Normally, CHM maintenance occurs at the west end of the storage building, over the Transfer Tunnel. A 
10-ton monorail hoist is mounted on structural steelwork in the roof of the Storage Area building to 
facilitate CHM maintenance. The 10-ton hoist can travel the full width of the vault above the Transfer 
Tunnel and is used for removal and replacement of components on the CHM during maintenance. 
However, the maintenance hoist cannot travel over the storage vault area and therefore cannot drop 
dismantled CHM components onto the vault. The hoist is also used to bring maintenance equipment, 
spare parts, and operating consumables into the Storage Area building through the CHM maintenance 
hatch that is located over the Transfer Tunnel. 


Storage Area Building Activities 


The following activities are performed inside the Storage Area building: 


• Transfer loaded canisters from the Transfer Tunnel via the load/unload port to the Storage Area 
vault using the CHM 


• Cleaning of storage canister exterior (if radiological contamination is detected while the ISF 
Canister is in the CHM) 


• Transfer loaded canisters from one storage tube into another storage tube using the CHM 


• Transfer loaded canisters from a storage tube to the load/unload port using the CHM 


• Prepare storage tubes or the load/unload port for CHM operations 


• Closure of storage tubes or load/unload port after CHM operations 


• Leak testing a storage tube 


• Evacuating and helium filling a storage tube 


• Installing a tamper indicating device on the loaded storage tube for SNF accountability purposes 


• Monitoring storage tube conditions during storage 


• Maintenance of the CHM 


After the ISF canister closure is completed at the CCA, the canister trolley travels south along the 
Transfer Tunnel to the Storage Area load/unload port. Once the trolley is positioned under the Storage 
Area load/unload port, a locking pin is deployed to prevent inadvertent movement of the canister trolley 
during transfer of the ISF canister to the CHM in the Storage Area. The canister trolley jacks the canister 
cask up to prepare for removal of the canister. Jacking the canister cask positions the shielded cask close 
to the ceiling of the Transfer Tunnel, thereby minimizing direct radiation inside the tunnel when the 
canister is lifted into the CHM. 


The CHM located in the Storage Area is used to remove the Storage Area load/unload port plug allowing 
access to the canister cask that is positioned below the Storage Area charge face floor. The CHM lowers 
the canister grapple onto the ISF canister until the grapple is seated on the canister. The grapple jaws are 
closed and the ISF canister is hoisted out of the canister cask and into the CHM turret cask. Because there 
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is no shielding in the area above the storage vault, the CHM provides the required shielding and 
protection of the canister until it is placed into the concrete shielded vault area below the charge face of 
the Storage Area. 


The CHM travels to the designated storage tube location using its on-board TV camera navigation system. 
The CHM removes the shield plug from the storage tube and lowers the ISF canister down into a storage 
tube. The CHM re-installs the storage tube plug into the storage tube. The shield plug lifting pintle is 
removed and the storage tube lid is installed, bolted down. The storage tube is evacuated and filled with 
helium. Leak checks are performed to ensure the storage tube vent port dual metal seal rings have sealed 
properly. Finally, the charge face cover plate is installed and bolted down to protect the storage tube 
assembly from potential tornado damage. 


The CHM is also used to remove an ISF canister from a storage tube. ISF canisters will be removed at the 
end of the storage campaign for offsite shipment. ISF canisters may also need to be removed from a 
storage tube for operational reasons (e.g., if a problem were to develop with a storage tube lid seal). 


Removal of an ISF canister from a storage tube is the reverse operation to loading the tube. Before the 
CHM can remove the ISF canister, the storage tube will be vented to reduce the internal helium pressure 
to atmospheric pressure, the lid bolts undone, and the storage tube lid removed. The lifting pintle is fitted 
to the storage tube plug. The CHM can now position itself over the storage tube by lining up with the 
shield plug lifting pintle target. The storage tube shield plug is removed and the canister grapple lowered 
to engage the ISF canister in the tube. The CHM hoists the ISF canister out of the storage tube and takes 
it to its next location. 


Storage Area Building Performance Objectives 


The performance objectives of the Storage Area building are: 


• provide a weather-protected area over the storage vaults to prevent rain or snow from entering 
and to minimize the effect of wind during canister handling operations 


• maintain structural integrity of the primary steel structure during postulated tornadoes and 
earthquakes to prevent collapse 


• provide a flow path to support natural circulation flow from the storage vaults to the outside 
through the fixed louvers in the walls of the storage area building 


• provide a temperature-controlled environment that will maintain the CHM temperature above 
32°F to permit continued SNF handling operations 


• minimize outside debris from blocking the cooling air ventilation ports in the charge face of the 
storage vaults 


• provide a level of comfort to operations personnel by the use of ventilation and heating inside the 
area 


• provide adequate lighting to facilitate canister handling operations 


• provide an area for performing maintenance on the CHM 
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• provide an area for storage of equipment and systems that are required to support SNF storage 
operations 


• provide a physical boundary to ensure personnel safety during canister handling operations 


4.7.3.2 Components for Fuel Handling Operations 


Components for SNF handling operation are discussed in relative order from SNF receipt to storage. In 
addition, this section addresses other major components that are used to support SNF packaging activities. 


4.7.3.2.1 Cask Receipt Crane 


The CRC, shown in Figure 4.7-1, is used to lift the 35-ton Transfer Cask from the transportation vehicle 
and lower it onto the cask trolley. The CRC is rated at 155 tons. The CRC is a fixed, single-failure-proof 
hoist in accordance with of NUREG-0554. A special lifting device, shown in Figure 4.7-17, is used to lift 
the Transfer Cask from the transport vehicle and place it on the cask trolley. The lifting device is designed 
in accordance with ANSI N14.6. The CRC is operated by a pendent from the floor of the CRA. 


The CRC is supported by a structural steel tower, integral with and housed inside, the CRA. A load cell is 
provided in the CRC load path to initiate an alarm if the CRC attempts to lifts more than the maximum 
critical load. The load cell will also trip the drives and engage the brakes on detection of an overload 
condition. The CRC has a dual braking system that fails safe on loss of power. A detailed description of 
cask loading and off-loading sequences is provided in Chapter 5. The CRC and associated lifting devices 
are classified ITS. 


The CRC is assisted by a 10 ton X – Y auxiliary crane. The cask receipt auxiliary crane is used to remove 
and replace transfer cask hold down devices on the horizontal transporter, install the cask adapter, and 
other supplementary rigging operations. The cask receipt auxiliary crane is classified NITS. 


4.7.3.2.2 Cask Trolley 


The cask trolley, shown in Figure 4.7-2, is used to transport a loaded Transfer Cask between the CRA and 
the cask port below the FPA in the Transfer Tunnel, and to return the empty transfer cask back to the 
CRA. The cask trolley is single-failure-proof in accordance with NUREG-0554. The maximum weight 
the cask trolley will transport is a Transfer Cask, cask adapter and cask lid lifting attachment for a total 
design load of approximately 35 tons. The trolley rails are designed for a maximum load that includes the 
trolley, cask, and lifting devices. 


The cask trolley is made of a carbon steel fabricated framework mounted on four wheels to form a base 
platform. The Transfer Cask is supported in an elevated position on the cask trolley in order to present it 
at the correct height at the cask port beneath the FPA. One side of the framework has a vertical opening to 
allow side loading of the cask onto the cask trolley. This feature minimizes the height the transfer cask 
must be raised to position it on the cask trolley. After the transfer cask is placed onto the trolley, a 
restraint device is used to close this opening and ensure the cask remains in an upright position while the 
cask adapter is being installed. 


The trolley runs on a pair of steel rails set 12 ft apart and approximately 215 feet long. The rails are 
attached to rail support plates mounted to the concrete floor of the CRA and Transfer Tunnel. Cask trolley 
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wheels are protected from jamming by track debris deflector plates mounted close to the rail in front of 
and behind each wheel module. The cask trolley design prevents the trolley from being derailed during 
normal operations, a seismic event, or an impact event. In the event of a wheel or axle failure, the trolley 
fall is limited to 1 inch. Jacking points are incorporated adjacent to each wheel. The jacking points allow 
the replacement of a wheel/axle module while a loaded cask is in place on the cask trolley within the 
confines of the Transfer Tunnel. The wheel modules can be replaced at any position within the Transfer 
Tunnel. 


The cask trolley has two speeds; creep at 1 foot per minute, and normal at 10 feet per minute. Slow zones 
have been established on either side of the cask trolley activity positions. The cask trolley can only move 
at creep speed while in these zones and creep or normal speed while outside of these zones. The cask 
trolley is controlled by plant operators at the control console inside the CRA. The cask trolley moves 
along the Transfer Tunnel by driving a pair of wheels using an onboard electric motor and gear unit, 
which incorporates an electromagnetic brake and clutch. Upon loss of electrical power, the brake fails 
safe to stop cask trolley motion. The brake release coils are connected directly across the motor starter 
terminals. The brake incorporates emergency release features that allow the brake to be released for 
recovery of the cask trolley following power failure. 


Video cameras located in the Transfer Tunnel display images of activities on a monitor mounted adjacent 
to the operator console. The control console contains the controls, indicators and alarms required to 
control cask trolley functions. System operational interlocks are carried out by a programmable logic 
controller (PLC), which provides system status via remote signal to the integrated data collection system 
(IDCS). Proximity-type sensors placed within the Transfer Tunnel provide position indication, control, 
and operational interlocks to the PLC for the cask trolley. Over travel of the cask trolley is prevented by 
“end of travel” limit switches that are hard-wired into the drive contactor control circuit. 


The cask trolley has designated stopping positions below the CRC, inside the cask decontamination zone 
of the Transfer Tunnel, and the cask port beneath the FPA. The cask trolley uses a locking pin that 
extends from the base platform and fits into an engineered cavity in the floor to lock the cask trolley in 
position at the cask port beneath the FPA. This feature locks the cask trolley in position before unloading 
the transfer cask through the cask port and into the FPA. The locking pin is design to fail as-is during a 
loss of power. This design ensures that the cask trolley will remain locked in position if a seismic event 
should occur while loading the transfer cask onto the trolley or during SNF transfer from the transfer cask 
into the FPA. The design incorporates manual recovery features to allow extension or retraction in the 
event of a locking pin failure. 


Power for the electric motor is provided by the normal electrical distribution system. An electrical power 
and control cable reeling system is mounted on the cask trolley. A cable guide is attached to guide 
brackets fixed to the concrete floor of the Transfer Tunnel. During cask trolley motion away from the 
CRC, the cable reeling system pays out the electric and controls cable at a constant tension and lays it in 
the cable guide. During cask trolley motion towards the CRC, the cable reeling system rewinds the cable 
back onto the reel.  
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A cask adapter, made from a stainless steel fabricated ring is installed over the top of the Transfer Cask. 
The cask adapter is installed inside the CRA after the transfer cask is situated inside the cask trolley. The 
cask adapter rests on the upper trunnions of the transfer cask and is positioned on the outside of the cask 
body and lid to allow the lid to be removed once inside the transfer tunnel. The cask adapter uses a series 
of turnbuckles around the perimeter that attach to the cask trolley and are used to anchor the cask to the 
trolley. The cask adapter incorporates remote lid release clamps to hold the cask lid closed after the cask 
lid bolts have been removed inside the Transfer Tunnel Cask Decontamination Zone. These remote 
release lid clamps are released by the power manipulator system when the cask is positioned under the 
cask port in the floor of the FPA. 


When the cask trolley is positioned below the cask port, the relationship between the cask adapter and the 
cask port generates an engineered gap. An inflatable seal, mounted on the underside of the cask port outer 
shield plug is deployed using compressed air. This inflatable seal contacts the machined surface of the 
cask adapter and seals the interface between the FPA and the Transfer Tunnel. This seal provides a 
continuous confinement barrier between the FPA and the Transfer Cask before opening the cask port. 
This feature also minimizes the disruption to the HVAC system flow balance and the potential for the 
spread of contamination. 


The cask trolley, cask adapter, and inflatable seal are classified ITS. 


4.7.3.2.3 Canister Trolley 


The canister trolley, shown in Figure 4.7-4, incorporates two major components. The canister cask is 
attached permanently to the canister trolley and is not removed during SNF handling operations. The 
canister cask can be raised and lowered within the trolley using a jacking system and can accommodate 
the three sizes of ISF canisters (18-inch short, 18-inch long, and 24-inch long). 


Canister Trolley. Includes the trolley frame, wheel base platform, wheels, seismic restraints, actuated 
locking pin system, and canister jacking system. The canister trolley performs the following functions: 


• transfers new ISF canisters containing empty SNF baskets and shield plug from the CCA to the 
FPA 


• transfers ISF canisters containing SNF, SNF baskets, and shield plug from the FPA to the CCA 


• raises the canister cask to the required working level at the canister port, CCA port, and Storage 
Area load/unload port 


• transfers sealed ISF canisters containing SNF from the CCA to the Storage Area load/unload port 


Canister Cask. Includes the shielded housing for the ISF canister, the canister heating system, and the 
canister ‘rounding’ equipment. The canister cask performs the following functions: 


• provides means to remove the ovality of the weld preparation area of the ISF canister assemblies 
before transferring the new ISF canister to the ISF canister port 


• supports the ISF canister assembly during the final closure weld process (including vacuum 
drying, weld inspection, and pressure/leak test) 


• provides radiation shielding during the transfer and final closure weld operations 


• provides heating of the canisters to facilitate canister welding and vacuum drying 
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• houses the canister cleaning module (if exterior contamination is detected on an ISF Canister 
while in the CHM) 


When discussed throughout the SAR, the term canister trolley is meant to imply the entire assembly 
(trolley and cask) unless otherwise stated. 


The canister trolley is fabricated from a carbon steel framework mounted on four wheels to form a base 
platform. Mounted on the base platform is a carbon steel fabricated framework to support a jacking 
system and guide for the canister cask. The canister trolley runs on the same steel rails as the cask trolley 
inside the Transfer Tunnel. The canister trolley wheels are protected from jamming by track debris 
deflector plates mounted close to the rail in front and behind of each wheel module. The canister trolley 
design prevents the trolley from being derailed during normal operations, a seismic event, or an impact 
event. In the event of a wheel or axle failure, the trolley fall is limited to 1 inch. The jacking points enable 
the replacement of a wheel/axle module with a fully loaded canister in place on the canister trolley within 
the Transfer Tunnel. The wheel modules are capable of being replaced at any position within the Transfer 
Tunnel. 


The normal travel sequence of the canister trolley is from the CCA to the FPA, back to the CCA and 
finally to the Storage Area. During maintenance, the canister trolley can also be moved into the Transfer 
Tunnel Cask Decontamination Zone. At the designated loading and unloading positions, the canister 
trolley is locked in position using a locking pin system to prevent movement during a seismic event. The 
locking pin extends from the base platform of the trolley and fits into an engineered cavity in the floor to 
lock the canister trolley in position. The locking pin is design to fail as-is during a loss of power. This 
design ensures that the canister trolley will remain locked in position if a seismic event should occur 
while SNF transfer operations or canister closure operations are occurring. The design incorporates 
manual recovery features to allow extension or retraction in the event of a failure. 


The control console for the canister trolley is located in the CCA operations room. A camera system 
installed within the Transfer Tunnel provides video pictures of the canister trolley to the operator during 
operations. The canister trolley has two operating speeds, creep, and normal. The creep speed is one foot 
per minute and the normal operating speed is 10 feet per minute. The canister trolley moves along the 
Transfer Tunnel by driving a pair of wheels using an onboard electric motor gear unit. The motor gear 
unit has an electromagnetic brake and clutch. Upon loss of electrical power, the brake fails in a safe state 
to stop canister trolley motion. The brake incorporates an emergency release feature that allows the brake 
to be released for recovery of the canister trolley following power failure. 


Electrical power is derived from the normal electrical distribution system. An electrical power and control 
cable reeling system is mounted on the canister trolley with the fixed position of the cable in the Transfer 
Tunnel beneath the CCA. As the canister trolley moves away from the CCA, cable pays out at a constant 
tension and is laid in a tray. As the canister trolley moves toward the CCA, the cable reeling system 
automatically re-winds the cable back onto the reel with a cable diverter ensuring even layering of the 
cable on the reel.  


Proximity sensors located within the Transfer Tunnel provide accurate position indication and positioning 
for the canister trolley. The sensors are also used to provide operational interlock functions to the PLC. 
Over travel of the canister trolley is prevented by end of travel shunt limit switches that are hardwired into 
the drive contactor control circuit. The limit switch is hard wired in series with the supply to the drive on 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.7-36 


 


  


the canister trolley and is capable of breaking the full load current of the motor. Refer to Chapter 5 for 
additional details on controls and interlocks. 


In the event of a canister trolley overrun beyond the interlocks, motion is stopped by bumpers mounted to 
the extreme ends of the canister trolley, which react against rail mounted end stops at one end and against 
the cask trolley at the other end.  


A cask jacking system comprised of multiple, inverted translating screw actuators are mounted on the 
canister trolley framework. A braked motor gear unit drives the screw actuators. Suspended from the 
screw actuators is the canister cask. The canister cask provides shielding along the length of the canister. 
The shielding along the length of the canister is in two parts with the top of the shielding sufficiently 
below the canister/lid interface to allow for lid welding and canister ovality removal. The interface 
between the two parts is stepped in order to prevent any radiation shine paths at the joint, and bolted 
together. The bottom part of the shielding is designed to house the canister lifting cage assembly. The top 
part of the shielding is designed to accept the rounding equipment. The function of the rounding 
equipment is to remove any ovality from the canister while it is in the cask. To facilitate handling the 
short ISF canister an internal stool is positioned in the bottom of the cask to present the top of the short 
canister at the same height as the long canister. 


The multiple inverted screw actuators are designed to perform the following functions: 


• raise, lower, and hold the cask and ISF canister in position at each required location under 
normal, off-normal, and accident conditions 


• accurately position the ISF canister at each transfer point in the vertical direction 


• provide redundant features so that the failure of a single system will not result in the loss of 
capability to retain the ISF canister in position 


• incorporate manual recovery features to allow the cask and ISF canister to be safely lowered onto 
the canister trolley in the event of jacking system failure 


The ISF canister heating system maintains the canister temperature between 80°F and 100°F to assist 
vacuum drying of the SNF during the canister closure process. 


When the canister trolley is in position at the canister port below the FPA, the canister cask is jacked up 
into a recess in the Transfer Tunnel ceiling. An inflatable seal is inflated using compressed air to close the 
radial gap between the canister cask and the transfer tunnel recess. This seal extends the FPA confinement 
barrier into the cask when the canister port plug is removed. This seal also minimize the disruption to the 
HVAC system flow balance and the potential for the spread of contamination. 


The canister trolley and control system must function to prevent damage to the SNF during handling, and 
provide reasonable assurance that SNF can be received, handled, packaged, stored, and retrieved without 
undue risk to the health and safety of the public. The canister trolley (canister trolley and the canister cask 
assemblies) provides capabilities for lifting, handling, and transfer of SNF. Therefore, the canister trolley 
is classified as ITS. 
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4.7.3.2.4 Fuel Packaging Area Shield Doors 


This section describes both the FPA shield doors and the Personnel Shielded Access (PSA) door. The 
shield doors are located between the FHM Maintenance Area and the FPA. The PSA door is located in 
the workshop and provides personnel access into the FHM Maintenance Area. 


Fuel Packaging Area Shield Doors 


The FPA shield doors, shown in Figure 4.7-18, and Figure 4.7-19, consist of one vertical door and one 
horizontal sliding door that will be opened to allow the FHM to pass through and then closed to enable 
maintenance of the FHM in the FHM Maintenance Area. The FPA shield doors are constructed from 
carbon steel plates and provide radiological shielding to personnel in the FHM Maintenance Area during 
maintenance of the FHM.  


The vertical door is suspended from two screw jacks. Rollers and guides are mounted on the door, and 
guide the door movements vertically and horizontally. The rollers and guides are mounted on the walls of 
the FHM Maintenance Area. The rollers and guides are designed so that they can be maintained/replaced 
from the FHM Maintenance Area. This ensures that the door guide and restraint systems can be repaired 
or maintained even when there is SNF present within the FPA (when the door is closed). The rollers and 
guides provide support to keep the door in place during and following a seismic event. 


The screw jacks are mounted on the roof of the FHM Maintenance Area. The screw jacks are driven by a 
single-braked motor through a twin output reduction gearbox and drive shafts that are mounted on the 
roof of the FHM Maintenance Area. The brake is electromagnetic and fails safe on a loss of electrical 
power (energize to release and de-energize to brake via a spring). The brake also has a hand release 
feature. 


Two lock assemblies mounted on the roof of the FHM Maintenance Area lock the door in its fully raised 
position. Each lock assembly comprises a manually operated twist lock that mates with a feature on the 
top of the door. Each lock assembly is capable of maintaining its function if the other lock fails. These 
two lock assemblies are used when necessary to perform maintenance on the screw jacks or other door 
features so that the vertical shield door cannot be inadvertently dropped. 


The horizontal door runs on wheel modules on a rail mounted to the wall inside the FHM Maintenance 
Area. The top of the door runs in guide rollers mounted on the vertical sliding door and on the wall of the 
FHM Maintenance Area. The wheel modules are designed so that they can be maintained or replaced 
from the FHM Maintenance Area, thereby allowing maintenance access to these components with 
minimum radiological exposure to the maintenance operator. Attached to the base of the door is a seismic 
restraint that acts to keep the door on its rail during and following a seismic event. In the top face of the 
door is a recess for the guide rollers to run in. The rollers act to keep the door in place during and 
following a seismic event. The horizontal door moves by a rack mounted on the door and a pinion that is 
driven by a braked motor gear unit through an electromagnetic clutch. The motor gear unit is mounted on 
the wall of the FHM Maintenance Area. 


The speed of the vertical sliding shield door is approximately 16 inches per minute, resulting in a time for 
the door to open or close of approximately 8 minutes. The speed of the horizontal sliding shield door is 
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approximately 39 inches per minute, resulting in a time for the door to open or close of approximately 
2 minutes. The shield doors are powered from the standby MCC of the electrical distribution system. 


The shield doors are operated by manual push buttons on a control station. The control station, which 
includes an emergency stop button, is located next to the shield window in the operating gallery nearest 
the workshop to allow operators to see the shield door area. 


The FPA shield doors are classified as NITS, however, the FPA shield doors are seismically designed to 
withstand the design earthquake when they are closed. 


PSA Door 


The PSA door, shown in Figure 4.7-20, is constructed from carbon steel plate mounted on two hinge 
assemblies to a steel door frame. The latch mechanism locks the door from the workshop side while 
allowing for emergency egress from the FHM Maintenance Area. The PSA door is approximately 4 feet 
wide by 7 feet high. 


The PSA door is sealed when closed and is manually opened and closed to allow personnel access into 
and out of the FHM Maintenance Area to perform maintenance on the FHM. The PSA door is classified 
ITS, because it forms part of the FPA confinement barrier. 


4.7.3.2.5 Fuel Handling Machine and Power Manipulator System 


The FHM, shown in Figure 4.7-3, is a 10,000-lb bridge/trolley crane designed to operate in the FPA. It 
has a single failure-proof hoist designed in accordance with NUREG-0554. The PMS is an electrically 
powered robotic arm mounted on a telescopic mast, which in turn is mounted on the bridge of the FHM. 
The PMS does not routinely handle SNF and is not designed to be single failure-proof. 


The FHM system is operated remotely by operators viewing SNF handling operations from the Operating 
Gallery through shield windows in the FPA wall and CCTV cameras mounted on the FHM and in the 
FPA. Operators use the FHM to perform remote handling operations of SNF in the FPA where the levels 
of radiation are too high for hands-on operation. The PMS, mounted on the trolley of the FHM, is used to 
assist in the latching and de-latching of lifting devices and to assist with packaging and maintenance work 
within the FPA. 


The FHM consists of an overhead electric crane with a top running bridge and cross travel trolley. The 
FHM is mounted on rails that run in the east-west direction through the FPA and into the FHM 
Maintenance Area. The FHM is equipped with a hoist unit. A range of lifting devices designed for 
attachment to the FHM hoist provides capability for the various lifting applications associated with 
handling the different SNF types, DOE containers, and ISF baskets in the FPA. The lifting devices for the 
FHM are discussed further in Section 4.7.3.2.10. 


The FHM has a load cell designed to accommodate a minimum of 125 percent of the maximum critical 
load (MCL) for the static load test. The load cell is used to prevent the hoist overloading by an interlock 
that trips the hoist if the MCL is exceeded, and to weigh the SNF assembly or SNF and ISF canister 
basket. The load cell has an accuracy of ±150 pounds at 10,000 pounds. 
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The FHM hoist has a power control braking system and two holding brakes. The brakes act directly on 
the rope drum flanges and fail safe to lock the hoist on loss of electrical power or the loss of a single 
phase. The hold brakes are energized to be ‘off’ and de-energized ‘on’, by dual springs, for redundancy. 
Each of the holding brakes has the capability to fully arrest more than the maximum critical load from 
maximum speed. 


The FHM hoist has two independently powered hoist motors. The motors are powered by variable speed 
controllers where the maximum and minimum speeds allow maximum speed hoisting and “soft landing” 
and “soft start” hoisting. The variable speed controllers allow the operator to select the optimum speed to 
perform accurate maneuvering. The minimum and maximum hoist speed is 0.5 feet/min and 14 feet/min 
respectively. 


The PMS consists of an electrically powered telescopic mast, manipulator arm and tools, and associated 
instrumentation and controls. The telescopic mast is a multi-part telescopic tube set that can retract to 
8 feet and extend to 22 feet. The manipulator arm and remotely detachable jaw and associated tools are 
used to remotely latch and de-latch the special lifting devices on the FHM hoist hook. The PMS is fitted 
with a load cell that is used to prevent the PMS from overloading by tripping an interlock if the design 
load rating is exceeded. A detailed description of operational sequences using the FHM and PMS and the 
instrumentation, controls, and interlocks on the FHM and PMS are provided in Chapter 5. 


A video camera with light source is mounted on the manipulator arm to assist in viewing PMS operations 
or viewing other areas within the FPA. The camera provides the capability to record operations and 
document information such as SNF assembly markings. The monochrome video camera attached to the 
PMS has pan, tilt, zoom, and focus capabilities controlled remotely by operators, and is capable of 
viewing and recording numbers and letters stamped on SNF assemblies. A second monochrome video 
camera with remote pan, tilt, zoom, and focus is mounted on the FHM trolley and provides general 
viewing capability of the FPA. 


Operational and load carrying components of the FHM are classified as ITS. The PMS is classified NITS.  


4.7.3.2.6 Master Slave Manipulator 


A typical MSM is shown in Figure 4.7-21. A series of through-wall MSMs are mounted adjacent to the 
through wall shield windows in the walls of the FPA as shown in Figure 4.2-2. The MSMs are used to 
assist in the steadying and alignment of components suspended from the FHM hoist, and to provide 
support to the PMS by positioning tools and fittings that may be required. 


The MSMs extend the dexterous manipulative capabilities of a human operator into a hazardous 
environment. They provide safe and efficient handling of materials where the human operator cannot 
have direct contact with the material. The MSMs reproduce the natural movements and forces of the 
human hand. The manipulator jaw will move as the operator moves the manipulator handle, except for 
slight amounts of deflection and lost motion. The forces at the jaw are equal to those applied at the 
handle, except for slight amounts of friction and unbalance. 
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The master arm is located in the operating gallery and the slave arm inside the FPA. The MSM uses 
include the following: 


• assisting the FHM 


• removing and replacing the canister and waste package lids 


• latching and detaching unpowered grapples 


• sorting and packaging waste 


• equipment operation and maintenance 


Two through-wall encasts are provided adjacent to each shield window. Each of these positions will not 
be occupied by MSMs. Any encast position that is not occupied by a MSM will have a shield plug 
installed with the shielding capability of the shield wall that can be removed to allow for the installation 
of a MSM should the need arise. Encast liners anchor the through-wall tube during operation of the 
MSMs and provide seals to prevent the spread of radioactive contamination from the FPA. They also 
allow the through-wall tubes to be removed easily from the shield walls surrounding the FPA for 
maintenance and repairs. 


The MSM through wall tubes and encasts are classified ITS since they form part of the FPA confinement 
barrier. The balance of the MSM is NITS. 


4.7.3.2.7 Bench Vessels 


The FPA bench vessels are flanged tube assemblies constructed from steel pipe with flanges welded to the 
top and positioned in openings in the steel ‘workbench’, or encasts inside a concrete cavity in the FPA. 
The primary function of those bench vessels used to support SNF packaging is to provide stability and 
support to the DOE canisters and ISF baskets while individual SNF elements are removed or loaded 
within the FPA. There is also a range of adapters designed for specific applications for each of the SNF 
types that will be assembled into the relevant bench vessel at the start of a particular SNF campaign. 


The bench vessels are not removed during SNF handling operations and are not required to be changed to 
handle different SNF types. A removable bucket is located at the bottom of each bench vessel used to 
support SNF packaging to allow the recovery of items that may fall into the vessels. Unused vessels are 
blanked off if not required for a particular SNF campaign. 


Bench vessels are either stainless steel or coated carbon steel, depending on the location and application 
and are held in position by bolted top flanges. Bench vessels positioned in the steel ‘workbench’ that will 
contain SNF have a steel pipe support ‘stool’ welded to the bottom and are supported by a base plate from 
the concrete floor of the FPA as shown in Figure 4.7-22 (typical bench vessel arrangement for the 
Shippingport Fuel campaign). The base plate incorporates a dowel pin to provide lower lateral restraint 
for the vessel. The dowel pin will allow the bench vessel to be removed and replaced by remote means 
should it become necessary. Bolting the top flange to the steel workbench provides lateral support and 
vertical constraint for the vessels. The bolting arrangement includes a disc spring stack to allow for 
differential thermal expansion between the bench vessel and the first and second floors of the FPA. The 
bench vessels used to support SNF packaging are sized with sufficient clearance to ensure smooth 
loading/unloading of the various canisters, baskets, adapters, and liners buckets. 
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An exception to the design described above is the fuel basket operations monitoring station. This bench 
vessel is an encast located within a concrete cavity that provides shielding to permit radiation monitoring 
of empty waste containers to occur inside this station.  


Bench vessels that support SNF packaging are classified ITS. These are: 


• fuel basket operations and monitoring station 


• decanning station 


• basket receipt station 


• fuel loading stations  


• waste stations 


The specific function of the bench vessels varies according to the particular fuel packaging campaign, as 
shown in Figures 5.1-6, 5.1-8, 5.1-10, and 5.1-12. 


4.7.3.2.8 Decanning Machine 


The decanning machine, shown in Figure 4.7-23, is used to remove a small upper section of the can or 
salvage can that contains the Peach Bottom 1 fuel elements to allow removal and storage in the ISF 
baskets. The can will be received, at the decanning station, in the vertical orientation and restrained, in 
this position, while a small upper section is cut away, to enable removal of the SNF element from the can. 


The decanning machine is required to process three types of cans: 


• Peach Bottom 1 fuel element can 


• Peach Bottom 1 fuel element salvage can 


• Peach Bottom 1 fuel element can, with attached removal tool (ART) 


The cans with or without ART are decanned in the same manner. However, the salvage can contains 
another can within it. Therefore, to remove a SNF element from these cans two cutting operations are 
required. The Peach Bottom 1 fuel element can and salvage can along with the cut locations for each can 
are shown in Figure 4.7-24. 


The decanning machine is situated in a bench vessel inside the FPA directly in front of a shield window. 
A video camera system is used for additional viewing. The orientation of the decanning machine allows 
the can identification number, which is marked near the top of the can to be identified, recorded and 
verified before the cutting process commences. The decanning machine uses an adjustable four-blade 
cutting head to minimize waste and accommodate cutting of both standard and salvage cans, which differ 
in diameter and length. The cans are cut at a predetermined cut zone location near the top of the can, 
thereby removing a small portion of the can to gain access for removal of the SNF element. 


The decanning machine is secured to a bench vessel using alignment dowels installed in the workbench. 
These studs align the tool during installation and secure the tool against seismic forces. The decanning 
machine’s lower base plate & spool assembly also interface with the lower section of the bench vessel to 
provide seismic restraint for the full-length or the SNF element. 
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Based on the physical design features described above, the decanning machine is not capable of damaging 
the SNF. Therefore, the decanning machine is classified NITS. 


4.7.3.2.9 Worktable 


The worktable, shown in Figure 4.7-14, is a multipurpose table bolted to the FPA workbench 
incorporating various machines and equipment. It is designed for safe handling and decontamination of 
empty waste containers (canisters, cans, buckets etc.) used in the transfer of SNF. The worktable also has 
the capability to allow recovery from anticipated problems that may occur during SNF processing 
activities, including the handling and recovery of broken or stuck SNF elements. 


The worktable is a large rectangular base plate with welded pads that have bolted connections to 
accommodate various machines and equipment subsystems. The worktable is made up of 3 sections 
approximately 6 feet long and 4 feet, 6 inches wide for a total length of 18 feet. Each section has location 
features to ensure proper alignment of attached components and has bolted fasteners for attachment to the 
FPA workbench. Construction of the worktable in this modular manner assists in the installation, 
removal, or replacement during the operational life and ultimately with decommissioning. A retaining 
feature around the perimeter of the worktable is provided to contain any loose material within the table 
area. The primary components of the worktable are: 


Tipping Machine – The tipping machine is used to rotate a fuel can complete with SNF element (Peach 
Bottom 1) from the vertical position to a horizontal axis position on the worktable. 


Can Cutting Machine – The can cutting machine is used to cut off the bottom of the Peach Bottom 1 
fuel cans and TRIGA fuel cans. 


Down-ender and Rotate Machine – The down-ender and rotate machine is used in conjunction with the 
FHM to lower a DOE canister or Shippingport liner from the vertical position down to a horizontal 
position on the worktable. 


Canister Slitting Saw – The canister slitting saw is mounted on a dovetail slide assembly that is fixed to 
the worktable. The traverse of the saw, which will be adjusted by an MSM, will enable the cutting of 
DOE canisters or Shippingport liners. The operation of the canister slitting saw is similar to that of the 
can cutting machine, but the size of the component to be cut has increased. 


Canister Support Rollers – Sets of rollers are fixed to the worktable to support the canister when it is 
lowered down on the down-ender and rotate machine by the FHM. Each set of rollers are mounted on a 
fabricated bracket to support the canister at the correct height. The fabricated brackets are bolted to the 
worktable at the correct spacing to support the canister along its length. Alternative sets of rollers are 
provided to accommodate the difference in diameters of the various canisters. 


Jacking Attachment – The jacking attachment is a screw jack mounted on a bracket, assembled onto the 
back of the can cutting machine with the PMS. It is attached with a single pin that can be installed or 
removed using the MSM. 


Rodding Attachment – The rodding attachment assembles to the back of the can cutting machine as an 
alternative to the jacking attachment. It is designed to push broken SNF element parts out of the fuel can 
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and into a new broken fuel element container as shown in Figure 4.7-25. The rodding attachment is also 
utilized in the decontamination of empty fuel cans. 


The worktable and tipping machine are classified as ITS because they may support SNF. The balance of 
the worktable attachments are classified NITS. 


4.7.3.2.10 Lifting Devices for the Fuel Handling Machine 


A range of dedicated special lifting devices work in conjunction with the FHM to lift and move various 
loads inside the FPA. These loads include, but are not limited to the Transfer Cask lid, FPA shield plugs, 
ISF baskets, DOE fuel containers and individual SNF elements. 


The function of each special lifting devices is to provide a safe load path between the FHM hook and the 
item being lifted. There are no electrical, hydraulic, or pneumatic services required to operate the special 
lifting devices. Latching is performed by mechanical means operated by the PMS or MSM. 


The FHM lifting devices are suspended from the FHM hoist hook. Each FHM lifting device has a 
common lifting bail that standardizes the latching and delatching to the FHM hook. The FHM hook 
includes a safety latch, which is actuated by the PMS or MSM to ensure that the special lifting device 
stays secured to the hook. 


Only the required special lifting devices needed for a specific SNF packaging campaign will be in the 
FPA during that campaign. Each of the special lifting devices for a specific SNF campaign has a park 
station in the FPA where it is stored when not in use. 


Lifting devices that provide a load path to support SNF or handle the transfer cask lid are classified ITS. 
Table 4.7-6 provides a list of ITS lifting device for the FHM including a description of the item lifted. 
These ITS lifting devices utilize a single load path requiring increased stress design factors in accordance 
with ANSI N14.6, Section 7, “Special Lifting Devices For Critical Loads”. 


Each of the ITS lifting devices for the FHM have been categorized into six general types as identified in 
Table 4.7-6. One of each type of lifting device is described below. 


Type 1 Lifting Device 


Description: A type 1 lifting device is a lever actuated device with three positive engagement cams that 
rotate outward as shown in Figure 4.7-26. Lifting device 1 and 14 are type 1 lifting devices. Lifting 
device 1 is described below. 


Items lifted with this type of device have a 26-inch inside diameter cavity covered by a 1 inch thick lifting 
flange. The lifting flange has a 22 inch diameter opening in the center. The type 1 lifting device is 
inserted into the lifting cavity and engages the item to be lifted by rotating three cams outward and below 
the lifting flange. 


Three vertical guides center the lifting device as it is lowered into the lifting flange cavity. The bottom 
portion of the vertical guides are tapered so that the lifting device is centered before the cams reach the 
flange. The vertical guides also set the vertical position of the lifting device within the cavity. When the 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.7-44 


 


  


device is inserted into the cavity of the item to be lifted, the cams are 1 inch below the lifting flange to 
provide adequate clearance and ensure engagement. 


The three cams of the lifting device are rotated outward 90 degrees to engage the top flange of the lifted 
item. Each cam is supported by a shaft that protrudes above the cavity. A driven gear is bolted and pinned 
to the top of each shaft. Each of the three cams with associated shaft and driven gear are supported from 
the base plate. The base plate is welded to a vertical shaft that is connected by a nut to the upper plate. 
The lifting bail is welded to the upper plate and a nut is pinned to the shaft to ensure it cannot rotate free. 


Around the main shaft is a tube that has a drive gear welded to the lower portion above the base plate. The 
drive gear engages the three driven gears that are attached to the shaft of the three cams. 


Just below the upper plate is an operating arm that is used by the PMS to rotate the tube with attached 
drive gear. The drive gear rotates the three driven gears, which in turn rotates the three cams 90 degree to 
engage or disengage the item to be lifted. 


Attached to the upper plate is a lock plate that rotates down to lock the operating arm in the engaged 
position to prevent accidental release of the lifted load in the event the operating arm is contacted. The 
lock plate has a protruding latch handle to facilitate engagement by the PMS. An extension spring holds 
the latch in the open or closed position. A stop pin limits the motion of the latch. The latch provides 
visual indication that the lifting device is engaged. 


Operation. To engage the lifting device, the PMS first contacts the latch handle from above, and pushes 
down to move the spring past the over center point. The weight and the spring forces the latch down to 
the engaged position resting against the stop pin. 


The lifting device is then lowered into the cavity of the item to be lifted until the vertical guides contact 
the bottom of the cavity. The PMS then rotates the operating arm to the engaged position which rotates 
the cams outward. The lock plate moves up as the operating arm contacts it, and then down as the 
operating arm engages the notch in the lock plate. The notch in the lock plate engages the operating arm 
and prevents the device from opening. 


To disengage the device, the weight of the lifted item must be off the lifting device to relieve the friction 
on the cams. The PMS first moves the latch handle to the unlocked position, and then moves the 
operating arm to the disengaged position. Latching in the disengaged position is not necessary as the 
friction of the system will hold the cams in the disengaged position.  


Type 2 Lifting Device 


Description: A type 2 lifting device uses a slip clutch actuator which drives an engagement screw that 
threads into the item to be lifted as shown in Figure 4.7-27. Lifting devices 2 and 13 are type 2 lifting 
devices. Lifting device 2 is described below. 


A vertical shaft with the engagement thread is supported by the base plate of the lifting bail and is secured 
to this base plate by a locating collar that allows the shaft to turn. A miter gear is mounted on the upper 
end of this shaft. The mating drive gear is connected to a horizontal paddle. 
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The slip clutch is installed between the drive gear and paddle to prevent over-torque of the engagement 
thread. The clutch utilizes a spring-loaded pawl that engages a notch on a flange. When tightening the 
engagement screw, the angular side of the pawl contacts the end of the notch and is held in position by the 
spring. As the torque increase the spring deflects allowing the pawl to ride up out of the notch and the 
clutch slips. In the loosening direction, the end of the pawl contacts the end of the slot and prevents the 
flange from rotating relative to the pawl. The clutch is then locked in that direction to ensure that it can be 
removed without slipping. 


Around the shaft is a position indication tube with a slot and pin that prevent the tube from sliding off the 
shaft. This position indication tube provides a visual indication that the engagement screw is fully 
engaged in the item to be lifted. The shaft has two colored indentations at appropriate heights. As the 
screw enters the item, the bottom of the tube contacts the item to be lifted and begins to move up. When 
the colored indentation is covered, the device is fully seated. 


Operation. The lifting device is positioned over the threaded hole of the item to be lifted and is slowly 
lowered so that the tapered end of the screw engages the hole. The PMS grips and turns the paddle until 
the colored indentation is covered. The slip clutch prevents over-tightening. To disengage the device, the 
paddle is turned in the opposite direction. 


Type 3 Lifting Device  


Description. A type 3 lifting device uses a hook that engages a lifting bail on the items to be lifted. A 
safety latch ensures the lifting bail is captured by the hook. A type 3 lifting device is shown in 
Figure 4.7-28, and is used on lifting devices 3, 12 and 16. Lifting device 3 is described below. 


The type 3 lifting device consists of a hook welded to a vertical shaft that is welded to the lifting bail. A 
lock bar slides through guides attached to the shaft. When the lock bar is down, the lifted load is captured 
by the hook and lock bar. The lever raises the lock bar until the lock release catches the hook on the top of 
the lock bar to hold the lock bar up. This allows the hook to be disengaged from the lifted load.  


The lock bar provides assurance that the bail of the lifted load will not become disengaged from the hook. 
Accidental operation of the lever will not cause the lid to disengage, therefore locking the bar in the 
engaged position is not considered necessary. The position of the lever provides the visual indication of 
engagement. 


Operation. To engage the lifting device, the FHM hoist is used to position the hook in the lifting bail of 
the item to be lifted. The PMS then strikes the lock release, which lowers the lock bar. To release the 
lifting device, the PMS raises the lever until the lock release engages the notch on the top of the lock bar. 


Type 4 Lifting Device  


Description. A type 4 lifting device uses a sliding tube which actuates multiple gripper fingers to provide 
positive engagement of a lifting pintle as shown in Figure 4.7-29. Lifting devices 4, 5, 8, 11, 17b, and 18 
are type 4 lifting devices. Lifting device 8 is described below. 


This lifting device uses three gripper fingers to engage a lifting pintle on the item to be lifted. A sliding 
tube actuates the gripper fingers and locks them in place after engaging the lifting pintle. 
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A locator guide block with a tapered leading edge is used to align the lifting device with the lifting pintle 
on the item to be lifted. The locator guide block also supports the gripper fingers and is part of the load 
path. The three gripper fingers pivot on pins. The sliding tube moves down over the lower portion of the 
gripper fingers holding them in engagement with the pintle. The upper portions of the gripper fingers 
have arms that protrude through slots in the sliding tube when the gripper fingers are engaged. When the 
sliding tube is raised, the bottom portion of the slots push the arms of the gripper fingers inward toward 
the shaft to release the gripper fingers from the lifting pintle. 


The shaft is attached to the locator guide block at the bottom end and a lifting bail at the top to form the 
load path. The sliding tube moves vertically up and down the shaft. Vertical travel of the sliding tube is 
controlled by the lifting bail at the top of the shaft and the lower stop at the bottom of the shaft. Mounted 
towards the top of the slide tube is a latch block which supports a spring-loaded latch that engages in 
grooves in the shaft. This latch is used to hold the sliding tube in the engaged and disengaged positions. 
Releasing this latch allow the sliding tube to lower to engage the gripper fingers around the lifting pintle 
of the item to be lifted. The latch block plates are used by the PMS to raise and lower the sliding tube. 


Operation. The sliding tube is raised to the disengaged position by the PMS until the spring latch 
engages the groove in the upper shaft. The lifting device is lowered down over the lifting pintle of the 
item to be lifted. The PMS is used to press the spring latch to release it from the groove in the shaft and 
then to push the latch block plates down until the gripper fingers are engaged around the lifting pintle. 
The weight of the sliding tube assembly ensures the gripper fingers remain engaged; therefore accidental 
operation of the spring latch will not disengage the lifting device. 


To disengage the lifting device, the PMS raises the latch block plates to raise the sliding tube until the 
spring latch engages the groove in the shaft. As the sliding tube moves up, the gripper fingers open to 
release the lifting pintle.  


Type 5 Lifting Device 


Description. A type 5 lifting device uses a sliding tube actuator with collet friction gripping as shown in 
Figure 4.7-30. Lifting devices 15a, 15b, and 17a are type 5 lifting devices. Lifting device 15a is described 
below. 


This device uses a collet to grip the item to be lifted. A conical tube is slid over the collet by a spring to 
provide the gripping action. The outside of the collet is tapered to allow it to be forced inward by the 
outer sliding tube. The collet is threaded to the shaft and pinned to prevent unscrewing. The upper end of 
the shaft is attached to the lifting bail. The collet, shaft and lifting bail form the load path.  


The sliding tube is spring loaded to squeeze the collet together to engage the item to be lifted and 
provides the gripping force and compensation for wear. At the top of the sliding tube is the latch block 
that supports a spring latch. The spring latch engages grooves in the shaft to hold the sliding tube in the 
engaged and disengaged positions. The latch block plates on the top and bottom of the latch block are 
used by the PMS to raise and lower the sliding tube to disengage and engage the collet around the item to 
be lifted. Raising the latch block plates forces the spring to be extended. When the upper latch block plate 
hits the bottom of the lifting bail, the spring latch can engage the groove in the shaft to hold the sliding 
tube up in the disengaged position. 
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Operation. With the sliding tube raised to the disengaged position, the lifting device is lowered over the 
item to be lifted. The PMS inserts the fingers of its gripper between the two latch block plates and closes 
the gripper until it contacts and releases the spring latch. This releases the sliding tube to move vertically 
relative to the shaft. The PMS then moves the latch block plates down until the sliding tube is forced over 
the collet and the spring in the tube compresses. When the slide tube reaches its down limit of travel, the 
PMS opens its gripper fingers allowing the spring latch to engage the lower shaft groove. To release the 
load, the process is reversed. The position of the tube and latch provide visual indication the device is 
engaged. 


Type 6 Lifting Device  


Description. A type 6 lifting device uses a screw driven actuator assembly with a hinged jaw friction 
gripper as shown in Figure 4.7-31. This is used for lifting device 6. Lifting device 6 is described below. 


Lifting device 6 grips the Peach Bottom 2 fuel assembly by friction since the upper end fitting of these 
SNF elements had been previously removed. The screw actuator assembly compresses springs which 
force the fixed and movable jaws together to provide the gripping force on to the SNF element.  


A vertical locator block on the fixed jaw sets the vertical position of the lifting device on the SNF 
element. The fixed jaw is attached to a lifting bail by a square shaft. The movable jaw pivots about a 
shoulder bolt on the fixed jaw. A fixed jaw is used to align the SNF element with the lifting bail so that 
the SNF element hangs vertically when lifted.  


The PMS turns the paddles to rotate the screws of the spring actuator assembly. The screws of the spring 
actuator assembly force the upper portion of the movable jaw away from the upper portion of the fixed 
jaw causing the lower portion of the jaws to close and grip the SNF element. The springs on each screw 
force the jaws to compress to ensure that sufficient grip force is applied.  


Around each screw is a housing attached to the screw. When the housing contacts the crossbar sufficient 
force has been generated. Only the cross bar on the movable jaw side is threaded.  


Since the PMS can operate only one screw at a time, each screw has sufficient free play to allow one to be 
fully engaged while the other is full disengaged. This feature prevents using the screw to provide the 
opening force, therefore two extension springs are used to open the jaws.  


Operation. With the jaws in the open position, the lifting device is lowered over the SNF element until 
the vertical locator block rests on it. The PMS grips one of the paddles to turn one screw until its housing 
contact the cross bar. It then turns the other paddle until its housing contacts the cross bar. The procedure 
is reversed for disengaging the device. 


4.7.3.2.11 Canister Welding System 


The canister welding system is located inside the CCA and performs the following functions: 


• Perform the circumferential weld between the ISF canister lid assembly and body assembly after 
the SNF has been loaded 


• Perform the seal weld on the vent plug after completing the vacuum drying and helium back fill 
process 
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The welding system consists of two remote controlled, automated welding machines and a common 
control/supply unit. The welding heads are connected to the control/supply unit by a bundle of hoses and 
cables. One of the welding heads is configured to perform the circumferential canister lid assembly to 
body assembly weld, the other is configured to seal weld the canister vent plug. The circumferential 
welding head is re-configured to weld both 18 and 24-inch canisters. The seal welding head does not need 
to be re-configured since the same vent plug and socket arrangement is used on both the 18 and 24-inch 
canisters. The lid assembly to body assembly welding head is fitted with a CCTV system that allows the 
operators to remotely view the weld formation. Both welding heads are remotely operated and supplied 
power, gas, and water from the control/supply unit. 


The welding system control unit is connected to the operators’ computer and provides a real time display 
of the weld parameters and enables the welding heads to be remotely controlled. There is an observation 
window in the CCA wall to allow the operators to observe the welding heads from the operating console. 


The welding heads are lifted onto the canister using the CCA crane. The circumferential welding head is 
secured to the canister lid assembly and the vent plug seal welding head is secured to the canister vent 
socket. To minimize the time that the operators are exposed to the loaded ISF canister, the welding heads 
are designed for ease of use and to minimize the set up and removal time. To aid the attachment and 
alignment of the welding heads to the ISF canister, a jig is used to align the welding head to the lid 
assembly in advance of fitting the lid assembly to the body assembly. 


The welding system is capable of completing the lid assembly to body assembly weld in accordance to 
the requirements of the ASME Code, Section III, Division 1, Subsection NB and Code Case N-595.  


The welding process is a multipass, full penetration single sided Category B butt weld, per ASME 
NB3351.2. The vent plug seal weld is a single pass seal weld. 


The closure welds are inspected and tested in accordance to the requirements of the ASME Code 
subsection NB5000. 


Circumferential Weld  Ultrasonic examination, acceptance criteria per NB5331 and NB5332
Liquid penetrant, acceptance criteria per NB5352 


Seal Weld Liquid penetrant, acceptance criteria per NB5352 


After the lid assembly to body assembly weld has been completed the closed canister is subjected to a 
vacuum test where the pressure within the canister is reduced to less than one Torr and over a period of 2 
hours must rise less than 10 Torr per hour. After seal welding the vent plug the dried, back filled, and 
sealed canister is examined for helium leakage. The rate at which helium escapes must not exceed 1x10-4 
std cm3/sec. 


A welding system qualification program will determine the final welding parameters. The welding system 
must perform a number of trial welds in order to determine: 


• The weld parameters that must be controlled in order to consistently achieve an acceptable weld. 


• The optimum value for each of the controlled weld parameters. 


• The appropriate control method and permissible variation limits for each of the weld control 
parameters. 
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• The maximum gap that can be tolerated between the opposing lands of the circumferential weld 
preparations. 


• The maximum clearance that can be tolerated between the vent plug and vent socket. 


• Demonstrate the welding system is capable of consistently and reliably producing high quality 
circumferential and seal welds, with no unacceptable weld defects, that fully comply with the 
requirements of the ASME code. 


4.7.3.2.12 Vacuum Drying and Helium Fill System 


The canister vacuum dry, helium fill, and leak detection system is required to: 


• Vacuum dry the canister and SNF to acceptable levels of dryness. 


• Provide a suitably inert canister environment, thus preventing degradation of SNF and ISF 
canister internals, by means of introducing helium cover gas. 


• Allow for placement of the canister vent plug while maintaining the required helium environment 
within the canister. 


• Leak test the canister lid assembly to body assembly circumferential weld and vent plug seal weld 
to the required acceptance standards. 


The majority of the vacuum, helium fill, and leak detection system is located within the CCA as shown in 
Figure 4.7-16. The connection tool and HEPA filter are located within the CCA. The individual 
assemblies of the canister vacuum dry, helium fill, and leak detection system and their detailed individual 
functional requirements are as follows: 


Canister Connection Tool 


The canister connection tool provides a leak tight connection between the ISF canister and the vacuum 
dry and helium fill systems. 


The canister connection tool is used to: 


• remove the canister vent plug for vacuum drying and helium filling 


• re-insert the canister vent plug while maintaining the required overpressure of the helium back-
fill in the canister 


The canister connection tool is designed to provide a leak tight connection between the canister and the 
vacuum dry and helium fill systems. The canister connection tool is designed so that after helium filling 
the canister vent plug and seal can be re-inserted while maintaining the required overpressure of the 
helium back-fill in the canister. The vent plug incorporates a seal that allows the back-fill pressure to be 
maintained before vent plug seal welding. 


The canister connection tool has a minimum design pressure of less than 1 Torr absolute and a maximum 
design pressure of 50 psig. The canister connection tool is designed to the requirements of ASME B31.1, 
and is fabricated from stainless steel. The canister connection tool incorporates a lifting feature so that the 
CCA crane can lift it on and off the canister. 
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Two pressure transducers and a thermocouple within the canister connection tool measure the absolute 
pressure and temperature during vacuum drying. The signals are wired back to an operator’s computer 
within the equipment room that records pressure-temperature-time data to prove conformance to the 
vacuum drying criteria. The pressure and temperature instruments are checked before and after each 
vacuum dry/helium fill operation. 


Before each vacuum dry/helium fill operation the canister connection tool is leak tested. The face of the 
connection tool that seals onto the top of the canister incorporate two O-ring seals and an O-ring 
interspace and test port, to facilitate leak testing the O-ring interspace. 


Vacuum Drying System 


The vacuum drying system is required to evacuate and remove any oxidizing gases that may degrade the 
SNF or ISF canister internals during long-term storage, and to dry the SNF to acceptable levels of 
moisture. The ISF canister is then back filled with helium cover gas. The system incorporates a HEPA 
filter that utilizes bagging techniques for filter replacement. 


The canister vacuum drying system connects to the canister connection tool and is designed to provide a 
vacuum of 1 Torr or less. The canister is held in vacuum for a period of at least 2 hours with a pressure 
rise of less than 10 Torr per hour. The ISF canisters undergo two cycles of vacuum drying and helium 
filling. To aid the drying and welding processes the canister is heated as required to a temperature range 
of 80°F to 100°F. 


A HEPA filter is located between the canister connection tool and the vacuum pump. The filters are 
housed in metal enclosures, utilizing bag in and out techniques as means of filter replacement. 
Instrumentation is provided for monitoring differential pressure of the HEPA filter. The canister vacuum 
drying system is also designed for an internal pressure of 50 psig to mitigate against the possibility of the 
helium fill system pressurizing the vacuum dry system. The vacuum pump discharges, via a diffuser, into 
the CCA. An oil mist filter and water trap is provided on the exhaust side of the vacuum pump. 


The canister vacuum drying system piping is designed to the requirements of ASME B31.1. The piping is 
fabricated from stainless steel. Flexible tubing is used to connect the canister connection tool to a 
manifold mounted on the south wall of the CCA. Rigid tubing runs from the manifold to the remainder of 
the system. The HEPA filter and the balance of the equipment on the exhaust side of the filter is located 
in the CCA. 


Helium Fill System 


The helium fill system is required to provide the ISF canister with a helium atmosphere that is inert and 
sufficiently free from oxidizing gases that may degrade the SNF during long-term storage. 


The canister helium fill system connects to the canister connection tool and is designed to provide an inert 
helium atmosphere to the canister at 20 psia ± 1psia (at 90°F ± 10°F). The canister helium fill system 
includes a pressure relief device set to 40 psig to protect the canister from over-pressurization resulting 
from off-normal events such as failure of cylinder pressure regulators. The helium fill system is designed 
to withstand a vacuum of less than 1 Torr. This low design pressure mitigates against the effect of the 
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helium fill system experiencing the vacuum of the vacuum fill system. The canister helium fill system 
piping is designed to ASME B31.1. 


The helium gas is of sufficient purity to ensure that the ISF canister atmosphere contains sufficiently 
small concentrations of impurities to prevent oxidation and degradation of the SNF, the canister and its 
internal structures.  


Leak Check System 


The leak check system is required to demonstrate that the lid assembly to body assembly closure weld and 
the vent plug seal weld have acceptably low leak rates. This is carried out using a portable, hand held 
helium sniffer. The helium sniffer is source-checked before and after leak testing. 


Both the canister lid assembly to body assembly closure weld and vent plug seal weld are helium leak 
tested in accordance with the requirements of the ASME Boiler and Pressure Vessel Code, Section V, 
Article 10, Appendix IV to verify that no leakage can be detected that exceeds the rate of 1x10-4 std 
cm3/sec. The leak testing is performed in accordance with ANSI N14.5. 


4.7.3.2.13 Canister Handling Machine 


The CHM is located in the Storage Area building as shown in Figure 4.7-5 and Figure 4.7-6. The CHM is 
a crane with a rigidly attached shielded cask used to transfer loaded ISF canisters from the canister 
trolley, located in the Transfer Tunnel, to the vault storage tubes. The CHM will also be used in the future 
to remove ISF canisters from the storage vault and transfer them to a transport cask for offsite shipment. 
The CHM rails are set at a span of 73 feet to ensure access to all the storage tubes, the CHM maintenance 
hatch and the Storage Area load/unload port. 


The storage tubes are accessed from a charge face above the vaults. Storage tubes and the vault storage 
system are discussed in detail in Section 4.2. The CHM consists of a bridge and trolley that carries a 
shielded cask/turret assembly. The CHM runs on rails mounted on a parapet wall that runs in the east-
west direction above the charge face floor of the Storage Area. A single failure proof wire rope hoist and 
grapple system is mounted at the top of the turret assembly. The hoist and grapple assembly handles the 
loaded ISF canisters. The total weight of the CHM assembly is approximately 380 tons, and the working 
capacity of the canister hoist is 10,000 lb. The hoist load capacity is 13,500 lb. and this includes the 
weight of the lifted load, plus the ISF canister grapple and load block. 


The maximum loaded weight of a 24-inch canister containing a Shippingport Reflector module is 
approximately 10,000 lb. The maximum loaded weight of an 18-inch ISF canister containing Peach 
Bottom fuel is approximately 4100 lb. 


The CHM is powered from the normal electrical distribution system. A single operator uses the trolley-
mounted control desk to operate the CHM. Operations for positioning the CHM and handling the ISF 
canisters are performed at the control desk. Drive control interlocks prevent the possibility of an ISF 
canister being trapped inside the nose cavity of the CHM by inadvertent activation of any of the travel 
drives or turret rotate drive when the ISF canister is being raised or lowered. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.7-52 


 


  


The CHM is held locked in position during canister raise/lower operations. This avoids the potential for 
trapping and damaging a canister if uncontrolled movement of the CHM occurred with the canister 
partially inserted into a storage tube and the CHM. A seismic event could lead to such an occurrence, so 
the CHM locking system is designed primarily to withstand seismic forces. To ensure that uncontrolled 
motion of the CHM does not occur, substantial clamps lock the bridge to the long travel rail system, the 
trolley to the bridge, and the rotating parts of the turret to the trolley and the non-rotating base casting. 


The turret is fully shielded and provides protection from gamma and neutron radiation emitted by the SNF 
in the ISF canisters during transfer operations. 


The 24-inch diameter long, 18-inch diameter long, and 18-inch diameter short ISF canisters are all 
handled by the CHM. The internal bore of the turret cask is sized for handling 24-inch ISF canisters. An 
internal sleeve is fitted to the bore of the turret cask and nose unit cavities when the CHM handles 18-inch 
diameter ISF canisters to create an acceptable radial clearance between the canister and cask body. 


The major subassemblies of the CHM are: 


• A bridge assembly including girders, cross travel rails, end trucks, long travel drive, wheels, 
seismic locks, and the power supply collecting system. 


• A trolley assembly with structural steel frame, cross travel drive unit, wheels, seismic locks, 
power supply collecting system, operator control desk, instrumentation and control cubicles, and 
a turret rotate festoon system used to convey power and control between the trolley and the 
rotating turret. 


• A turret assembly, shown in Figure 4.7-32 and Figure 4.7-33, that incorporates three operational 
cavities: 


o A canister cavity inside the main cask body together with a dedicated single failure proof 
canister hoist and grapple for raising and lowering the ISF canisters containing SNF. 


o A storage tube plug cavity with its dedicated plug hoist and grapple system that is used 
for handling tube plugs. 


o A navigation cavity with its CCTV system that is used to accurately position the CHM 
over the storage tubes or other stations and for viewing the canister identification 
numbers. 


The turret and cask assembly consists of several subassemblies: 


• A cast steel cask body is used to form the canister cavity and tube plug hoist cavity. The steel is 
used to provide gamma shielding and is surrounded by a fabricated Jabroc jacket, which provides 
neutron shielding. Jabroc is a boron impregnated densified wood product. 


• A single failure-proof canister hoist subassembly complete with load block, guide sheaves, drum 
and drive system, gearboxes, brakes, and electrical and mechanical safety systems. 


• Pneumatically operated, canister grapple that is suspended from the canister hoist load block to 
safely transfer canisters between the various locations.  


• A support turntable and rotate drive system for the turret assembly. 
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• A retractable shield skirt subassembly, which is lowered to close the gap between the bottom of 
the CHM and the charge face to maintain radiation shielding when a canister is raised or lowered 
across the interface. 


• A tube plug hoist and grapple sub-assembly, which removes and re-inserts the tube plugs at the 
storage tubes and other charge face penetrations. This permits the insertion and removal of 
canisters while maintaining shielding throughout the operating cycle. 


• A turret locking pin assembly to seismically lock the rotating turret/cask assembly to the trolley. 


• A base locking pin assembly to seismically lock the non-rotating nose part of the cask to the 
rotating body section of the cask during canister raising or lowering operations. 


• Base torsion link that provides the torque reaction for the fixed nose unit and prevents it from 
rotating when the turret is indexed between operational positions. 


• A CCTV subassembly that is used to align the CHM nose over its selected destination and also 
permits reading of canister identification numbers. 


• Pneumatic system that provides compressed air for the canister grapple operation and for cooling 
the CCTV lights. 


Detail descriptions of the CHM subassemblies are provided below. 


Bridge and Drive 


The CHM crane bridge girders are plate box sections, utilizing welded construction with diaphragms at 
suitable intervals. The bridge drive consists of two variable speed motors located on the trucks. Fast travel 
speed of 40 feet/min and creep of one foot/min are achieved by a variable speed system drive which also 
provides the control required to position the trolley to within the 3/16 inch target location. Rail clamps are 
used to provide the required ‘Y’ direction seismic clamping force. A hydraulic power pack provides the 
releasing force. In the ‘X’ and ‘Z’ directions, passive systems are used that do not require deployment. 
The ‘X’ direction seismic restraints are formed by the wheel flanges and the ‘Z’ direction seismic 
restraints are formed by shaped hooks that reach under the rail head to prevent vertical uplift. The bridge 
‘X and ‘Z’ restraints are passive and are in place during CHM transfer operations. 


Trolley and Drive 


The CHM trolley supports the rotating CHM turret assembly and nose, and enables the CHM to be 
traversed in the east - west direction. The trolley frame is built up from structural shapes and plate, 
welded into a rigid unit. Cross traverse buffers are installed to arrest the trolley in the event of a failure of 
the end of travel, and ultimate end of travel limit switches. The trolley cross-traverse drive consists of a 
motor, brake, reduction gearbox driving two of the four trolley wheels. Fast travel speed of 40 feet/min 
and creep of one feet/min are achieved by a variable speed system drive which also provides the control 
required to position the trolley. 


Rail clamps are used to provide trolley ‘X’ direction seismic clamping force. A second rail is mounted to 
the top face of the girders for use by the seismic restraint system. A hydraulic power pack, provides the 
releasing force. In the trolley ‘Y’ and ‘Z’ directions, passive seismic restraints are used. The trolley “Y” 
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restraints are formed by the wheel flanges and the trolley “Z” restraints are formed by shaped hooks that 
reach under the rail head to prevent vertical uplift. 


Turret Body 


The shielded cask provides safe transfer of ISF canisters within the Storage Area building. The cask is 
designed into the structure of the CHM turret assembly. Gamma shielding consists of steel castings made 
from carbon steel, while neutron shielding is provided by Jabroc (boron impregnated densified wood) 
above and below the turntable fabrication. At the turntable fabrication and around the nose, the neutron 
shielding is provided by cast concrete. 


The cask assembly is bolted to the turntable fabrication with a segmented packer at the interface. This 
segmented packer, in conjunction with the annular gap between the Jabroc and the cask gamma shielding 
provides a natural convection air passage. 


When the CHM is in traveling mode, the turret is rotated so that the TV camera is positioned above the 
hole in the nose assembly – this is called the ‘navigation position. The lower ends of the canister and tube 
plug cavities are automatically closed off whenever the upper turret/cask is rotated to the navigation 
position, thereby completing the shielding requirements. This closure prohibits accidental dropping of a 
canister onto the charge face while in transit and the closure also provides axial gamma shielding. 


To provide operational and seismic restraint against uncontrolled oscillation, especially during canister 
raising and lowering operation, a powered turret locking pin locks the upper turret/cask to the trolley, and 
a powered base locking pin locks the upper turret/cask to the base assembly at each turret index position. 


The completion of the radiation shielding at the interface between the charge face and the nose of the 
CHM is achieved by lowering the shield skirt when the CHM is connected to a storage tube. The shield 
skirt annular cast slab is raised and lowered by three motor driven screw jacks and, when in the lowered 
condition, sits on three pads which protrude from the underside of the assembly. In the raised condition, 
the assembly is suspended from the screw jack lead screws. 


Charge face height variation is accommodated in the stroke of the screw jacks while an over-travel system 
in the jack suspension point allows the charge face construction tolerances to be accommodated. This 
system is also used to prevent the CHM body weight from being supported by the charge face after the 
skirt has been lowered to touch the charge face. The over-travel system is also sufficient to ensure that the 
vertical seismic motion of the turret does not cause the turret body to impact the charge face. 


ISF Canister Hoist and Enclosure 


The CHM canister hoist system provides variable lifting and lowering speeds of zero to 5 feet per minute. 
The motor drive system incorporates a brake for controlled lowering of the load with a capacity to stop 
and hold the rated load independently of the load holding brake. The hook is capable of a 40 foot travel 
up and down to ensure that the grapple can access the bottom of a storage tube and be lowered out of the 
CHM into the Transfer Tunnel for maintenance. 


The hoist design is based on a dual rope system with a twin-grooved drum. The hoist drum is driven by a 
variable speed motor and primary drive train external to the hoist structure with a secondary drive train 
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connected to the opposite end of the drum. An electric shoe brake positioned before the motor provides 
the main load holding brake function. The secondary drive ensures that no single failure will result in the 
loss of the ability to stop and hold a load. The secondary drive incorporates a second shoe brake, a depth 
resolver, and a hand-wind connection. 


Connected behind the motor through a bevel gearbox are a hand-wind connection, a depth resolver, and a 
depth indicator. The handwind provides a means of raising and lowering a load in the event of a motor 
failure. An interlock switch ensures that the power to the motor is isolated before engagement of the 
handwind handle. The shoe brake is provided with a manual release mechanism to aid manual handwind 
operations. 


The position of the grapple is shown on the visual indicator while the depth resolver provides an accurate 
reading of grapple height for use with the control system. 


The balancing beam is positioned at the top of the hoist structure and each rope, attached via duplicate 
load cells, is positioned equi-spaced about the beams central pivot. Two damping cylinders are also 
connected to the balancing beam and provide protection against rope overload in the event of a single 
rope failure. 


In the unlikely event that one of the hoist ropes should fail, the load on the remaining rope will 
overbalance the beam. The damping cylinders ensure that this overbalance motion occurs in a smooth and 
controlled manner, limiting any impact or shock loading to the mechanism, rope, and structure to within 
allowable values. A mechanical stop above the beam limits the amount of beam movement during this 
type of event. Twin limit switches positioned on the balancing beam pivot mounting indicate when 
excessive rope length discrepancy movement has occurred and stops the hoisting sequence. 


The load sensing system for the ISF canister hoist consists of four in line load cells, two per rope. With 
four falls of rope supporting a lifted load of 13,500 pounds, the load cells will see a load of 3,375 pounds. 
The load cells are used to provide signals that feed into interlocks to control the hoist under overload or 
underload conditions. 


With both drives external to the hoist enclosure, operation of the handwinds and access to the drive 
components for inspection is achieved without having to open the hoist enclosure. Gloveports, windows, 
and internal lighting within the hoist structure facilitate inspection of the internal components. Removable 
sealed panels allow access to the hoisting system for maintenance or repair work. Maintenance platforms 
and access ladders allow in situ servicing. 


ISF Canister Grapple 


The CHM ISF canister grapple, shown in Figure 4.7-34, is a self-centering eight-jaw grapple, designed to 
engage, lift, lower and release ISF canisters. A pneumatic cylinder controls the jaws operation once the 
grapple is positioned and a mechanical lock ensures the jaws cannot be opened when the grapple is 
carrying a load. The grapple configuration is designed to ensure that all the jaws can achieve the fully 
closed position without being constrained by the ISF canister lifting ring. Sequence control and indication 
of the grapple state is facilitated through limit switches mounted on the grapple. A manual release 
mechanism is incorporated in the unlikely event of the jaws failing to open with the primary release 
system.  
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Tube Plug Exchange. If a faulty storage tube plug occurs, then it can be replaced by using the ISF 
canister grapple to handle a new tube plug to exchange it with the faulty tube plug. Due to the different 
lifting features of the ISF canister and the tube plug, the ISF canister grapple is not capable of lifting a 
tube plug by its regular lifting pintle, therefore, a tube plug adapter is fitted to the new tube plug, which 
provides an ISF canister style lifting feature. The adapter consists of a feature that is manually bolted into 
the tube plug, in place of the lifting pintle. Its profile matches the ISF canister lifting feature. Control 
system interlocks ensure that when handling a replacement tube plug the ISF canister grapple only raises 
part way up the ISF canister cask. 


Turret Rotate Drive and Locking System 


Rotation of the CHM turret and the support turntable is achieved by a drive comprising a pinion driven by 
an epicyclic reduction gearbox via a variable frequency driven AC motor with brake, hand release lever 
and tacho generator. A separate input shaft to the gearbox permits manual hand drive; a key interlock on 
the access cover to the hand drive shaft inhibits the motor while the hand drive is engaged. End of travel 
rubber buffers stop the travel if the electrical travel limit switches fail. 


Angular position indication of the turret assembly is provided by a resolver driven from the reduction 
gearbox. The turret is driven to one of the three nominal positions on the resolver and, at the tube plug 
hoist, ISF canister hoist and TV camera positions, the final location is achieved by a turret locking pin, 
which also provides the rotational seismic lock. Pockets fitted to the turntable accept the locking pin at 
these three positions. Similarly, the nose locking pin prevents relative rotation between the rotating turret 
base and the non-rotating nose casting during a seismic event. 


Retractable Shield Skirt 


A retractable shield skirt around the lower end of the base assembly is lowered onto the charge face to 
provide continuous shielding whenever a canister or tube plug is being handled. This facility is required 
when the CHM operates at the load/unload port or a storage tube. The shield skirt is designed to provide 
radial shielding at the interface. Vertically floating plate segments provide flexibility to accommodate 
unevenness of the operating floor over the diameter of the skirt. Raising and lowering the shield skirt is 
accomplished by three motor driven screw jacks. When the shield skirt is resting on the charge face, it is 
suspended such that vertical seismic displacements are accommodated such that the shielded cask/turret 
system does not impact the charge face and the vertical movement of the turret does not cause the shield 
skirt to impact the charge face. 


The retractable shield skirt assembly consists of a concrete and steel annular shield ring fitted around the 
protruding nose of the CHM base. The cast steel ring forms the bulk of the gamma shielding. Additional 
gamma and neutron shielding is provided by a top slab and annular ring of concrete. 


The screw jacks used to raise and lower the skirt are driven via a braked geared motor reduction unit. A 
manual hand drive feature is incorporated on the motor unit utilizing a key interlock. Removal of the 
access key from the CHM operator’s station inhibits the skirt drive. 


In order to provide access for the hand drive handle at the motor the interlock key must be inserted and 
turned, this action retains the key at the motor and allows hand drive operations to commence. The motor 
brake is fitted with a spring return manual release lever for use during hand drive operations. 
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Tube Plug Hoist and Grapple 


The CHM tube plug hoist and grapple, shown in Figure 4.7-32, is designed to engage and lift, and lower 
and release tube plugs from the storage tubes. The tube plug hoist is mounted on top of the tube plug cask 
cavity of the CHM and consists of a 20-ton screw jack driven by an electric motor. The motor drives the 
jack through a bevel gearbox and a mechanical torque limiter that is used to prevent any overloading of 
the hoist and grapple assembly. 


A pair of detectors fitted in the tube plug cavity wall indicates when the grapple is holding a tube plug. 
These detectors are to prevent the CHM being uncoupled from a storage tube without first replacing the 
tube plug. The exception is when the CHM is in the tube plug exchange mode. If a tube plug is found to 
be faulty, then the plug is raised and held in the tube plug cask while a replacement tube plug fitted with 
an adapter is inserted using the ISF canister grapple. 


Turret Locking Pin 


The turret locking pin prevents rotation of the turret during a seismic event while the CHM is coupled to 
an operating position or while traveling between locations. The locking pin is necessary because the 
center of gravity of the large mass of the turret is eccentric to the center of rotation. 


The locking pin assembly is extended and retracted inside a housing that is bolted to the CHM trolley. 
The pin can engage with any one of three identical pockets bolted to the turret support turntable. These 
pockets align with the pin when one of the three positions is aligned with the CHM nose (i.e., ISF canister 
cask, tube plug cavity, or TV camera cavity). 


The pin is extended and withdrawn by a mechanical screw jack system that is driven by an electric motor. 
A hand wind facility permits manual operation of the pin. Engagement of the hand wind is interlocked to 
prevent electric motor operation. Electrical switches are provided in the engaged and disengaged positions 
to provide the interlock and control signal requirements. 


Base-Locking Pin 


The base-locking pin is similar in principle and features to the turret locking pin and prevents relative 
rotational movement between the machine nose and the interface with the bottom face of the rotating 
turret assembly. The base locking pin assembly is attached to the turret base plate and extends into 
pockets machined into the machine base nose block. 


Base Torsion Link 


The turret assembly and nose unit are connected by the lower ball bearing slewing ring. An anti rotation 
restraint feature is provided to prevent rotation of the nose when the turret assembly rotates during 
handling operations and to maintain the orientation of the nose relative to the bridge and storage tube 
positions. 


The base torsion link and support bracket restraint system comprises a link attached at one end to the nose 
casting and at the other to the torsion link support frame. The torsion link support frame is mounted from 
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the underside of the trolley fabrication. An adjustable clevis arrangement is used as the attachment 
method at each end of the link.  


The base torsion link is not subject to seismic loadings as the loads are transferred through to the base 
locking pin. 


TV Camera System Cavity 


The CHM camera system cavity, shown in Figure 4.7-32, consists of a shield box, bolted to the top face 
of the support slab on the CHM turret assembly. The cavity houses the cameras and lighting equipment 
necessary to achieve accurate positioning of the CHM and enable viewing inside the storage tubes. 


The functional requirements of the system are to: 


• enable the operator to align the CHM over any storage tube position 


• provide the operator with a means to read the identifier number on the top face of each tube plug 


• provide the operator with the facility to view down to the bottom, inner face of the storage tube 


• provide the facilities for identification of an ISF canister within a storage tube 


Alignment and viewing functions are performed by a camera, fitted with a motorized zoom, focus, and 
auto iris lens. A standby camera, fitted with a fixed lens, is also installed into the cavity to allow course 
alignment with the maintenance pit in the event of main camera failure. The main camera and zoom lens 
are mounted centrally within the TV camera cavity with the standby camera offset and angled to provide 
a maximum viewing target. 


To achieve the required accuracy the main camera is optically aligned with the machine axis to ensure 
that the machine movements are correctly represented on the monitor screen. The target is a recess 
machined into the top of each tube plug lifting pintle. The recess provides suitable scene contrast for the 
camera. 


The video signals from the cameras are fed into a commercial electronic X-wire generator whose output is 
connected to a video monitor. The resulting monitor picture is a composite of tube plug or ISF canister 
identifier and cross wire, the latter formed by the electronically generated X-wire. The presence of the 
X-wire anywhere on the target will confirm alignment of the machine and the video picture allows 
confirmation of the object identifier. 


Tungsten halogen lamps, mounted concentrically around the main camera and lens assembly inside the 
cavity, provide target and storage tube illumination. Lighting level output from the lamps is adjustable 
due to the range of the object distance from the camera, 5 to 30 feet (i.e., to more than cover the range of 
top to bottom of storage tube), this allows the operator to minimize and control any glare.  


To maximize equipment life and minimize any rise in camera temperature due to heat generated by the 
lamps, an air supply is connected to the TV camera cavity. The air supply is taken from the CHM 
compressed air supply, and is automatically energized and de-energized, via a solenoid operated valve, 
when the lamps are operated. The cooling air enters the cavity above the camera and flows down through 
cutouts around each lamp. 
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Pneumatic System 


The CHM has an on board air compressor that provides compressed air for operation of the ISF canister 
grapple and to provide a cooling flow of air to the ISF canister TV camera and lighting equipment. 


The CHM pneumatic system consists of a compressor, pneumatic panel, and an air receiver situated on 
the top plate of the hoist structure. The CHM pneumatic system is divided into three main subsystems: 


The Grapple Open System. The ISF canister grapple jaws are closed by the self weight of a central 
sleeve within the grapple. The central sleeve is raised, to open the jaws, by energizing the pneumatic 
cylinder. Compressed air is fed into the cylinder to retract the rod and raise the sleeve. When the air 
supply is removed the spring return in the cylinder extends the rod and allows the sleeve to lower down to 
close the jaws. A solenoid actuated spool valve is used to direct the compressed air to, or to relieve 
pressure from, the grapple actuation cylinder. The solenoid actuated spool valve is spring fail to relieve 
the pressure within the grapple actuation cylinder on loss of electricity; this ensures the grapple air supply 
fails safe, i.e., with the jaws closed. 


The Grapple Manual Open System (Manual Release). The ISF canister grapple manual release is used 
to open the jaws in the event that the sleeve cannot be raised by the main jaw opening cylinder. If the 
manual release cylinder is retracted, it raises the jaw operating sleeve to open the jaws. 


An air receiver is mounted on the top of the hoist enclosure and holds sufficient air to allow the grapple 
emergency release to function should there be a loss of electrical supply that prevents the compressor 
from operating. 


A check valve fitted between the main line system and the receiver prevents loss of pressure in the 
receiver and the grapple cylinder in the event of a loss of supply. A fortress interlock valve unit is used to 
direct the compressed air to the manual release cylinder when required; releasing the pressure allows the 
cylinder to retract. The air supply is connected to the grapple by a quick release coupling at the grapple 
load block. This coupling is disconnected during normal operation and is only connected, via the hoist 
enclosure glove port, when required. 


TV Camera Cooling System. Cooling air is fed down to the camera cavity to minimize the rise in 
camera temperature due to the heat generated by the lamps. A solenoid valve controls the flow of 
compressed air to the camera cavity; it opens when the lights are switched on and closes when the lights 
are switched off. The solenoid actuated spool valve is spring fail to close on loss of electricity. 


4.7.3.3 Design Bases and Safety Assurance 


The design bases for each of the three main ITS structures within the ISF Facility and each major ITS 
component involved with SNF receipt, packaging and storage are discussed in this section. This section 
also provides the design loads, load combinations, structural analysis methodology and summary of 
analysis results for each of these ITS structures and components. 


The design bases of the ISF canister assembly, ISF basket assembly, and the storage tube assembly are 
discussed in Section 4.2.3.3. 
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4.7.3.3.1 Cask Receipt Area 


Design Bases 


The CRA consists of a central structural steel tower that supports the CRC and a steel framed building 
that surrounds, and is connected to, the central tower structure. The central tower is a welded, moment-
resisting frame and is designated as ITS. The remainder of the steel building is a braced frame and is 
NITS. In the discussion that follows, primary structural members include columns, beams, and braces that 
constitute the main load path for building loads. Roof purlins, floor joists, and wall girts are considered 
secondary steel members. The CRA has been evaluated and designed to include the following: 


• Tornado – Primary structural steel of the CRA including the CRC tower is designed to withstand 
tornado wind loads using the assumption that the wall and roof panels remain in place to transfer 
the wind loads to these members, even though they are not designed to stay in place under 
tornado wind conditions. 


Wall and roof panels are not designed to withstand tornado missiles or tornado differential 
pressure. Therefore, the structure is considered vented and the primary steel is not subjected to 
the design differential pressure. 


Primary structural support members of the CRA including the steel tower that supports the CRC 
are designed to withstand tornado missiles. Secondary members such as purlins and girts are not 
designed to withstand tornados. 


• Earthquake – Primary structural steel members of the CRA are designed to resist the design 
earthquake. Since the worst case load on the tower occurs when the CRC lifts its maximum load, 
the vertical lifted mass was included in the seismic analysis of the CRA. The NITS primary 
structural steel members of the CRA are also designed to withstand the design earthquake loads. 
Secondary members such as purlins and girts, as well as roof and wall panels, are not designed 
for the design earthquake.  


• Fire or Explosion – A fire hazards analysis was performed to evaluate potential fires that could 
affect the CRA to ensure that ITS SSC’s of the CRA can continue to perform without loss of 
safety function during credible fires. Fire detection and suppression systems are installed in the 
CRA. Refer to Section 4.3.8 for additional details on the fire protection system inside the CRA 
and potential fire hazards. 


• Flood – The design flood is based on failure of the Mckay Dam under conditions of maximum 
probable precipitation. The CRA is assumed to be fully flooded for the design flood. The 
elevation of the floor of the CRA is 4,913 feet 2 inches and the level of the floodwater is at 
4,921 feet. The floodwater is expected to reach a depth of eight feet within the CRA. Because the 
CRA is fully flooded, the buoyancy forces on the center tower ITS structure are negligible. The 
hydrodynamic forces on the structure are also negligible because of the low velocity of the flood. 
The floodwater takes 13.5 hours to reach the ISF site and fuel handling operations will be secured 
and the facility placed in a safe configuration when the flood warning is received. Refer to 
Section 3.2.2 for additional details on the PMF. 


• Lightning – The CRA incorporates a lightning arrestor system designed in accordance with 
NFPA 780, Lightning Protection Code. 
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• Shielding Considerations – The CRA building does not provide a shielding function. SNF is 
confined within shielded Transfer Casks when being handled inside the CRA. Workers in the 
CRA are shielded from radiation during SNF transfer operations inside the Transfer Tunnel by 
the canister trolley and the Transfer Casks.  


• Temperature Effects – The HVAC system is designed to maintain the temperature inside the 
CRA between 40°F and 105°F with an outside minimum and maximum normal site ambient 
temperature range of -26°F and 98°F. Since the CRA is a steel structure, enclosed in insulated 
roof and wall panels, the thermal stresses associated with off normal temperature conditions are 
considered negligible and self-limiting, and therefore not specifically included in the design of the 
CRA. 


• Retrieval Considerations – Spent fuel handling in the CRA consists of lifting the Transfer Cask 
from the transporter to the cask trolley. The CRC is a single failure proof design, which considers 
credible loading conditions. In the event of a breakdown of the CRC, normal repair activities 
could be performed in the CRA since radiation levels would be minimal. The hoist brake hand 
release feature allows a fully loaded CRC to be lowered by hand safely and in a controlled 
manner in accordance with the requirements of NUREG-0554. 


• Decontamination Considerations – The CRA is considered a clean area and is not expected to 
become contaminated during transfer cask handling operations. Empty transfer casks leaving the 
Transfer Tunnel are monitored in the cask decontamination zone before being released to the 
CRA. 


Design Loads 


The following loads were included in the design of the CRA. They are based on the loads presented in 
Table 3-1 of NUREG 1536. 


• Dead Loads (D) – This includes the self-weight of the structure and permanently attached 
equipment and utilities including the weight of the CRC. 


• Live Loads (L) – The CRA floor is designed for a live load of 200 psf. Loads associated with the 
Transfer Cask trolley are treated as concentrated live loads in addition to the area floor loads. The 
CRA roof live load is defined as 20 psf and the roof snow load is 30 psf. 


• Soil Pressure (H) – These are defined as lateral soil pressure due soil weight, ground water, and 
loads imparted through the soil from adjacent structures. These loads are considered negligible 
for analysis of the ITS structures of the CRA.  


• Wind Loads (W) -Wind loads are based on a 90 mph three-second gust in accordance with ASCE 
7 and are applied to both ITS and NITS structural members of the CRA. Refer to Section 3.2.1.1 
for design basis wind load parameters. 


• Temperature Loads (T) – Considered negligible for the CRA 


• Earthquake Loads (E) – Loads attributable to the direct and secondary effects of the design 
earthquake are applied to the base of the CRA. The response spectra method is used to evaluate 
structural demand on CRA structures. Refer to Section 3.2.3 for seismic design criteria applied to 
the CRA. 
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• Tornado Loads (Wt) – Tornado loads include tornado wind, tornado differential pressure, and 
tornado missiles. Specific tornado loads applied to individual components of the CRA are 
discussed above. Refer to Section 3.2.1 for tornado load design criteria and parameters applied to 
the ISF Facility. 


• Accident Loads (A) – There are no accident loads, other than those described above, included in 
the design of the CRA 


Material Properties 


Properties of concrete used in the analysis of the CRA include: 


• Concrete Units Weight, γconc = 145 pcf 


• Concrete Compressive Strength, f ′c = 4,000 psi 


• Concrete Young’s Modulus, Econc = 3,604,000 psi 


• Concrete Poisson’s ratio, v = 0.2 


• Reinforcing Steel Yield Strength, fy = 60,000 psi 


• Reinforcing Steel Modulus, Esteel = 29,000,000 psi 


• Coefficient of Thermal Expansion = 5.5 x 10-6 in./in./°F 


Properties of steel used in the analysis of the CRA: 


• Modulus of Elasticity = Esteel = 29,000,000 psi 


• Poisson’s Ratio, v = 0.3 


• Density γ = 490 pcf 


Soil properties used in the analysis of the CRA are: 


• In-place unit weight of soil = 135 pcf 


• Mohr-Coulomb Soil friction angle (φ) = 41° 


• Lateral soil coefficient for at-rest conditions = 0.34 


• Lateral soil coefficient for passive conditions= 4.81 


• Lateral soil pressure for active conditions = 0.21 


• Soil/Concrete Coefficient of Friction (μ) = 0.55 


Load Combinations 


The loads listed in Table 4.7-7 were included in the structural analysis of the CRA. Specific load 
combinations are discussed in Section 3.2.5.2. 
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Structural Analysis 


The major structural components are the four columns that support CRC. The steel structure analysis of 
the CRA was limited to the primary structural members. The secondary structural members included in 
the analysis were used to collect loads for transfer to primary members. The four center tower columns 
are supported by a four foot thick mat foundation which also supports the cask and canister trolley rails. 
The rest of the CRA building is supported by spread footings isolated from the mat foundation. 


Computer Model and Program. The CRA structural steel was analyzed by using a frame element model 
in the finite element program STAADPRO (Ref. 4-57). The steel structure was designed and analyzed as 
a bolted braced-frame except for the central tower. The center tower supporting the CRC was modeled 
with the end moments restrained to represent the moment resisting connections. The end moment 
restraints (local My and Mz) were released for the rest of the CRA surrounding the center tower to model 
the bolted braced-frame connections. A yield strength of 50 ksi was specified for all steel W-shapes. The 
four center tower columns in the direct load path of the CRC were modeled with moment-resisting 
connections at the base. The rest of the column bases for the CRA were pinned (Figure 4.7-35 through 
Figure 4.7-38).  


The ratio, K, effective column length to actual unbraced length was determined from inspection of the 
shape of the deflected column and a comparison with the AISC Manual. The unbraced length of beams 
and columns was specified such that the value chosen enveloped the actual lengths for the group. 


Modeling of Mass and Stiffness. STAADPRO includes a structural section library for rolled steel 
sections contained in the AISC Manual. This provides an accurate call out of the steel section properties 
used in the model. Non-prismatic section structural properties and additional masses were externally 
calculated, documented, and included in the input stream. The program internally assigns nodes so that 
the dynamic degrees of freedom match the system degrees of freedom. The frame elements have 6 
degrees of freedom for both static and dynamic response. Self-weight of the structure is automatically 
lumped to the nodes and additional external dead loads are accounted for by manually lumping mass at 
appropriate nodes. 


The CRA model contains rigid elements and nodal constraints to simulate eccentricities, member offsets 
at multi-member connections, and nodal coupling.  


Dynamic Coupling. Mass and stiffness characteristics of the CRC support beams and girders were 
explicitly modeled in the CRA analysis in order to correctly account for coupling between the CRC and 
the rest of the building. The lifted load of 155 tons was included as a vertical accelerated mass in the 
analysis. Significant masses of other equipment were applied at appropriate locations and positioned to 
automatically capture the worst dynamic effects on the supporting main structure.  


Consideration of Adjacent Structures. The Storage Area is adjacent to the CRA and is structurally 
isolated from it by a seismic gap.  


Static Analysis 


The static analysis of the CRA included the effects of self-weight, dead loads, live loads and wind loads. 
Some primary loads were applied to secondary structural members. Forces and in some cases moments 
were then transferred to the primary members. 
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The tornado wind loads were applied in a manner consistent with ASCE 7. A comparison of the roof 
pressure coefficient values between ANSI 58.1 and ACSE 7 revealed that the ASCE 7 values are 
approximately 13% greater than the ANSI 58.1. Wall pressure coefficients were the same in both 
references. Both normal and tornado wind loads were included in the finite element model. 


Thermal loads were not included in the computer analysis since only normal temperatures need be 
considered and the gradient between normal temperatures did not result in a significant change in length 
of the steel. Steel is a ductile material at normal temperatures and the forces are considered to be self-
limiting. 


Dynamic Analysis 


Dynamic Soil-Structure Interaction. The effects of structure-soil-structure interaction were captured in 
the CRA analysis by using an input response spectra generated from the SSI analysis (discussed in section 
3.2.3.1.8). No additional amplifications are performed in this analysis. The results of the SSI analysis 
showed that the SSI effects are not pronounced in the response of the CRA and the fixed-base analysis 
methods adequately capture the response of the structure. 


Modal Analysis. Modal response characteristics were evaluated and the fundamental frequencies in three 
global directions were noted. Mode shapes and level of mass participation were evaluated to check the 
dynamic model. More than 90% of the building mass was accounted for, meeting the requirements of 
ASCE 4 (Ref. 4-58) and NRC Regulatory Guide 1.92 (Ref. 4-59).  


Linear Elastic Dynamic Response Spectra Analysis. The seismic response of the CRA was analyzed by 
the response spectra method. The input response spectra used were calculated from the SSI analysis of the 
CRA as discussed in section 3.2.3.2. The 4% spectra were used for the CRA because the ITS tower 
structure is a welded moment-resisting frame. Modal combinations were performed by the ten percent 
method to account for closely spaced nodes. The analysis was run for 500 modes in order to dynamically 
capture sufficient mass in the three directions and 100% of the structure’s mass was captured by 
accounting for the remainder of the missing mass. Spatial combination of the modal responses in the three 
orthogonal directions was performed by the square root of the sum of the squares (SRSS) method. 


Structural Steel Design 


Structural steel was designed in accordance with the AISC Manual allowable stress method as modified 
by the requirements of NUREG 1536. The load combinations were calculated in accordance with the 
criteria presented in section 3.2.5.2. Capacity/demand ratios were computed for selected members to 
show compliance with the design criteria.  


Local effects of applicable tornado missiles were evaluated for tower column sections in accordance with 
the methodologies in Topical Report BC-TOP-9-A, “Design of Structures for Missile Impact” Revision 2, 
(Ref. 4-60). Tornadoes with the ability to generate “heavy” missiles (e.g., utility pole, 12” schedule 40 
pipe, automobile) have an occurrence probability of less than 1.0 x 10-7 yr-1 at the ISF Project site, and 
therefore were not included in the analysis. A more detailed discussion of the tornado event is provided in 
Section 8.2.5.4. 
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Reinforced Concrete Design  


The 4 foot thick mat foundation supporting the Cask Receipt Crane and the trolley rails was analyzed in a 
separate finite element calculation using the computer program SAP2000 (Ref. 4-61). The mat was 
modeled as a mesh of shell elements interconnected at node points. The soil reaction to the mat was 
modeled using springs with the spring constants based on the modulus of subgrade reaction for the soil. 
Enveloped tower column reactions (forces and moments) from the STAAD-Pro finite element analysis of 
the CRA and rail loads from the analysis of the cask/canister trolleys were used as input for the design of 
the mat foundation. The mat foundation model is shown in Figure 4.7-39. 


The modulus of subgrade reaction, ks, is equal to q/δ where q is the bearing pressure and δ is the 
settlement or deflection. An initial modulus of subgrade reaction was estimated based on allowable 
bearing pressure. The modulus of subgrade reaction was converted to a nodal spring constant by 
multiplying Ks by the tributary area of the nodes.  


The use of a uniform modulus of subgrade reaction to analyze and design mat foundations can result in a 
simplified soil response. Therefore, ks was modified based on the subgrade response. The nodal (spring) 
reactions and deflections were obtained from the initial finite element run. The estimated settlement due 
to the subgrade response (springs reactions) was calculated and compared with the mat deflections from 
the finite element run. New modulus of subgrade reaction values were calculated for each node based on 
the subgrade response and the estimated settlement. The finite element analysis was performed again with 
the new modulus of subgrade reaction and this process was repeated until comparable deflections were 
achieved.  


The forces and moments from the finite element analysis were used to size the thickness and the 
reinforcement of the mat foundation. This was in accordance with the requirements of ACI 349. 


Overturning and Sliding 


The capacity/demand ratio for sliding is defined as FS/VS, where FS is the resisting force (capacity) and VS 
is the sliding force (demand). The sliding force VS depends on the load or load combination considered. 
The resisting force FS is determined from the following equation: 


FS = NT*μ, 


where NT is the total normal force and μ is the soil-concrete friction coefficient.  


The capacity/demand ratio for overturning is defined as MR/MO, where MR is the resisting moment 
(capacity) and MO is the overturning moment (demand). The overturning moment is obtained by 
multiplying the lateral load VS by the appropriate lever arm. The moment is taken about the toe of the mat 
foundation. The resisting moment MR is obtained by multiplying resisting normal forces with their 
appropriate lever arm. 


Since there are no lateral soil loads on the CRA under normal loads, overturning and sliding is considered 
only for tornado wind pressure loads and earthquake combinations as defined below. The minimum 
allowable capacity/demand ratio for overturning and sliding is 1.1. 
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Earthquake loads were determined using a “Static Analysis” method. Inertial forces resulting from the 
steel structure were calculated using the total mass of the steel structure and applying the floor 
acceleration values at the crane rail level of the CRA (close to the center of mass of the steel structure). 
The inertial forces resulting from the mat foundation were calculated using the floor accelerations at the 
base of the CRA (input spectra). The in-structure floor accelerations were taken from the SSI analysis. 
For conservatism, the normal forces used to resist overturning and sliding are obtained by taking the total 
dead weight of the structure minus the vertical inertial force. 


Tornado wind loads for four different directions were considered and the maximum enveloped loads were 
used. The tornado wind load was estimated by summing up the base reactions resulting from the load 
from the analysis of the CRA. This lateral load is assumed to act at the center of mass. Tornado 
differential pressures are not considered since the panels around the steel framed structure would be 
blown off and overall effects would be dissipated.  


Summary of Results 


Modal Frequencies and Mass Participation  


The significant modes of vibration and mass participation are summarized in the Table 4.7-8.  


• The first east-west mode of vibration is mode 1, which occurs at 1.97 Hz and represents 17% of 
the mass of the structure. A second east-west mode (mode 5) occurs at 2.68 Hz, with a mass 
participation of 66%, and represents the fundamental east-west mode of vibration.  


• The fundamental north-south mode occurs at approximately 2.50 Hz (mode 4). About 43% of the 
mass of the structure participates in this mode. A secondary north-south mode (mode 9) occurs at 
3.44 Hz and has a mass participation of 26%.  


• The fundamental vertical modes are a combination of modes 44 and 45. These are closely spaced 
at 11.39 and 11.47 Hz and account for about 42% of the mass. This mode is primarily due to the 
local modes of vibration of the CRC.  


The CRA model was run for 408 modes and over 99% of the mass was captured in the horizontal 
direction while over 95% of the vertical mass participated. The remaining mass of the structure is 
captured with the addition of missing mass. 


 Steel Design Stress Summary  


Steel section stresses calculated from the analysis were less than the allowable stresses for the loads and 
combinations considered. Table 4.7-9 presents representative ITS members from the center tower 
structure and their capacity to demand ratios to factored AISC Manual allowable stresses. Only gross 
member response is shown in the table.  


Mat Foundation Design Results Summary 


A 4 foot thick mat foundation supports the Cask Receipt Crane and the rails supporting the Cask Trolley 
and Canister Trolley. The capacity to demand ratios for the mat for flexure and shear forces are shown in 
Table 4.7-10. These ratios are conservative since demand is based on an envelope of the load 
combinations.  
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Overturning and Sliding Results Summary 


The minimum capacity/demand ratio for sliding in the east-west direction was 1.13 based on seismic 
loading. The minimum ratio of 1.11 for overturning in the east-west direction was based on the tornado 
wind loads. In the north-south direction the seismic load controlled for sliding with a capacity/demand 
ratio of 1.15. The tornado loads controlled for overturning in the north-south direction with a ratio of 
1.70. These results are documented in Table 4.7-11. These ratios are greater than the minimum allowable 
ratio of 1.1. The structure has additional margin because the calculations are based on just the mat 
foundation profile, neglecting the perimeter foundation. They also neglect the contribution of soil lateral 
pressures to resist sliding.  


4.7.3.3.2 Transfer Area 


Design Bases 


The Transfer Area includes ITS concrete structures that form the FPA, CCA, FHM Maintenance Area, 
and Transfer Tunnel. The steel braced framed building housing the operating spaces, operations offices, 
HVAC, electrical, and waste processing areas is NITS. In the discussion that follows, primary structural 
steel members include columns, beams, and braces that constitute the main load path for building loads. 
Roof purlins, floor joists, and wall girts are considered secondary steel members. The Transfer Area has 
been evaluated and designed to include the following: 


• Tornado – The concrete walls of the FPA and FHM Maintenance Area, Transfer Tunnel, and 
CCA are designed to withstand the effects of the design basis tornado wind, tornado missiles and 
tornado differential pressure. To protect the SNF during transfer operations inside the Transfer 
Tunnel and the FPA, the outer door of the Transfer Tunnel and personnel shielded access door 
into the FHM Maintenance Area are also designed to withstand these tornado effects. 


The FPA shield windows have been designed to withstand the differential pressure associated 
with the design basis tornado and wind. The shield windows of the FPA are over 23 inches thick. 
An evaluation was performed that determined these windows would withstand credible tornado 
missiles. The observation window in the CCA is not designed to withstand tornado effects, 
however, it is not required for missile protection. When ISF canister closure operation are being 
conducted inside the CCA the SNF inside the ISF canister is protected by the 9 inch thick 
shielding cask on the canister trolley, the canister shield plug which sits above the ISF basket, and 
the collets that surround the upper region of the canister. 


Primary structural steel of the Transfer Area is designed to withstand tornado wind loads using 
the conservative assumption that the wall and roof panels remain in place to transfer the wind 
loads on these members. 


Wall and roof panels are not designed to withstand tornado wind, tornado missiles or tornado 
differential pressure. Therefore, the structure is considered vented and the primary steel is not 
subjected to the design differential pressure 


Primary structural support members of the Transfer Area are designed to withstand tornado 
missiles. Secondary members such as purlins and girts are not designed to withstand tornadoes. 


• Earthquake – The ITS reinforced concrete FPA, FHM Maintenance Area, Transfer Tunnel, and 
CCA are designed to withstand the design earthquake. The NITS primary structural steel 
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members of the Transfer Area are also designed to withstand the design earthquake loads. 
Secondary members such as purlins and girts, as well as roof and wall panels, are not designed 
for the design earthquake. 


• Fire or Explosion – A fire hazards analysis has been performed to ensure that the Transfer Area 
maintains structural integrity without loss of safety function during all credible fires. A fire 
detection system is installed in the FPA, FHM Maintenance Area, Transfer Tunnel, and CCA. 
The structural steel areas within the Transfer Area have fire sprinklers and smoke detectors. The 
HVAC system ducts serving the FPA are provided with dampers to prevent the spread of fire and 
smoke from within this area. The dampers receive a close signal from the fire alarm control panel 
upon actuation of area smoke detectors and also have fusible links. Refer to Section 4.3.8 for 
details on the fire protection system for the Transfer Area and an evaluation of fire hazards in this 
area. 


• Flood – The lower elevations of the Transfer Area may be subjected to flood water since the 
doors into the Transfer Tunnel and Solid Waste Processing Areas are not watertight. The PMF 
elevation is nominally 4,921 feet, which corresponds to approximately 8 and one half feet of 
water above the finished floor of the Transfer Tunnel (elevation 4,912 feet, 6 inches) and 
approximately 3 feet of water inside the Solid Waste Processing Area (elevation 4917 feet, 6 
inches).  


The FPA work bench and FHM Maintenance Area floor are located at elevation 4,938 feet, 6 
inches, which is approximately 18 feet above the PMF elevation level. Construction joints in the 
lower elevation of the FPA below the PMF elevation have water stops to resist leakage into the 
FPA. The FPA does not have through-wall penetrations below the PMF level. 


The mass of the Transfer Area counteracts any buoyancy forces; therefore these forces are 
considered negligible and are not explicitly included in the structural loads. The hydrodynamic 
forces on the structure are also negligible because of the low velocity of the flood. The floodwater 
takes 13.5 hours to reach the ISF site and fuel handling operations will be secured and the facility 
placed in a safe configuration when the flood warning is received. Refer to Section 3.2.2 for 
design criteria on the PMF.  


• Lightning – The Transfer Area has a lightning arrestor system designed in accordance with 
NFPA 780, Lightning Protection Code. 


• Shielding Considerations – The FPA and FHM Maintenance Area are designed to ensure that 
radiation exposure to operations and maintenance personnel are minimized. The walls of the FPA 
are 4 feet thick to provide protection from gamma and neutron radiation. Refer to Chapter 7 for 
an evaluation of the dose rates around the FPA and radiation protection features of the ISF 
Facility. 


• Temperature Effects – The FPA, FHM Maintenance Area and Transfer Area were analyzed for 
a range of normal and off normal temperature conditions. Section 3.2.5.1.10 provides off-normal 
temperature cases used to analyze these concrete structures. The temperature effects on the steel 
structures surrounding the Transfer Area are considered negligible and self-limiting, and therefore 
not included in the design. 


• Retrieval Considerations – Fuel handling inside the Transfer Area is performed primarily by the 
FHM and canister trolley. These components provide retrieval capability of the SNF in the event 
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of a credible failure. These features are discussed in the associated section that describes each 
SNF handling component. 


• Decontamination Considerations – The design of structural concrete incorporates features to 
facilitate decontamination. This is primarily accomplished through the use of decontaminatable 
coatings on concrete surfaces. 


Design Loads 


The following loads were included in the design of the Transfer Area. 


• Dead Loads (D) – This includes the weight of the structure and permanently attached equipment 
and utilities including the weight of the FHM and FPA shield doors. 


• Live Loads (L) – The area live loads for the Transfer Area are defined as follows: 


o The first floor and second floor of the Operations Area on the west side of the Transfer 
Area were designed for area live loads of 150 psf and 80 psf respectively.  


o The area live loads applied to the first and second floor inside the FPA are 250 psf and 
150 psf respectively.  


o The Transfer Tunnel area live load is 200 psf.  


o The area live loads for the first and second floor of the operating gallery are 200 psf and 
150 psf respectively.  


o A roof live load of 60 psf and a snow load of 30 psf were applied to the concrete roof 
over the FPA.  


o The panel roof over the Operations Area and the Operating Gallery was designed for a 
live load of 20 psf and snow load of 30 psf. 


• Soil Pressure (H) - These are defined as lateral soil pressure due to soil weight, ground water, and 
loads imparted through the soil from adjacent structures. These loads are considered negligible 
for analysis of the ITS structures of the Transfer Area since the depth of the structure below grade 
is minimal. 


• Wind Loads (W) - Wind loads are based on a 90 mph three-second gust in accordance with 
ASCE 7 and are applied to both ITS and NITS structural members of the Transfer Area. Refer to 
Section 3.2.1.1 for design basis wind load parameters. 


• Temperature Loads (T) – Thermal loads associated with temperature distribution and thermal 
gradients and effects of expansion and contraction of concrete elements. Refer to Sections 
3.2.5.1.6 and 3.2.5.1.10 for the temperature cases used in the analysis of the concrete structures of 
the Transfer Area. 


• Earthquake Loads (E) - Loads attributable to the direct and secondary effects of the design 
earthquake are applied to the base of the Transfer Area. The response spectra method is used to 
evaluate structural demand on Transfer Area structures. The input response spectra are based on 
the results of the SSI analysis. Refer to Section 3.2.3 for seismic design criteria applied to the 
Transfer Area. 
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• Tornado Loads (Wt) – This includes tornado wind, tornado differential pressure, and tornado 
missiles. Specific tornado loads applied to individual components of the Transfer Area are 
discussed above. Refer to Section 3.2.1 for tornado load design criteria and parameters applied to 
the ISF Facility. 


• Accident Loads (A) – There are no accident loads included in the design of the Transfer Area. 


Material Properties 


Properties of Concrete Used in the Transfer Area are: 


• Concrete Units Weight, γconc = 145 pcf 


• Concrete Compressive Strength, f ′c = 4,000 psi 


• Concrete Young’s Modulus, Econc = 3,604,000 psi 


• Concrete Poisson’s ratio, v = 0.2 


• Reinforcing Steel Yield Strength, fy = 60,000 psi 


• Reinforcing Steel Modulus, Esteel = 29,000,000 psi 


• Coefficient of Thermal Expansion = 5.5 x 10-6 in./in./°F 


Properties of Steels Used in the Transfer Area are: 


• Modulus of Elasticity = Esteel = 29,000,000 psi 


• Poisson’s Ratio, V = 0.3 


• Density γ = 490 pcf 


Soil properties used in the analysis of the Transfer Area are: 


• In-place unit weight of soil = 135 psf 


• Mohr-Coulomb Soil friction angle (φ) = 41° 


• Lateral soil coefficient for at-rest conditions = 0.34 


• Lateral soil coefficient for passive conditions = 4.81 


• Lateral soil pressure for active conditions = 0.21 


• Soil/Concrete Coefficient of Friction (μ) = 0.55 


Load Combinations 


Specific load combinations are provided in Section 3.2.5.2. The load cases and combinations listed in 
Table 4.7-7 were included in the structural analysis of the Transfer Area. 


Structural Analysis 


The structural analysis of the Transfer Area was performed to demonstrate the structural adequacy of the 
concrete ITS structures under the design loads and combinations. The structural analysis methodology 
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included static and response spectra methods. The multipurpose finite element (FE) analysis program, 
SAP2000, was used to model and analyze the Transfer Area. 


The purpose of the analysis was to show that the ITS portions of the Transfer Area (the concrete 
structure) were structurally adequate for the defined design loads. The steel NITS structure that surrounds 
the FPA was included in the finite element model of the Transfer Area specifically for its effect on the 
concrete structure. Similar design bases loads were applied to the NITS primary steel structure as to the 
ITS concrete structure, including seismic and tornado wind. 


Computer Model and Program 


Transfer Area Building Structure. The main reinforced concrete structure enclosing the FPA and CCA 
is ITS and consists of 2 foot to 4 foot thick concrete walls and slabs supported on a 5 foot thick mat 
foundation. The ITS concrete structure is shown in Figure 4.7-40 through Figure 4.7-43. The surrounding 
steel building is attached to the concrete walls and is supported at the base on spread footings. The steel 
framed superstructure, shown in Figure 4.7-44 and Figure 4.7-45 is classified as NITS.  


Computer Model. The mathematical model developed for the Transfer Area building structures was 
generated in accordance with requirements addressed in ASCE 4 and applicable NRC Regulatory Guide 
1.92. Modeling requirements to account for parameters such as degrees of freedom, stiffness, and mass 
are discussed further in the following sections. Figure 4.7-46 through Figure 4.7-49 show additional 
views of the Transfer Area finite element model, including cut-away views of the FPA. 


Shell and Beam Elements. The reinforced concrete walls, slabs, and foundation mats were simulated by 
the SAP2000 shell element. This element is either a three-node triangular or four-node quadrilateral 
element with an isoparametric formulation that combines separate membrane and plate-bending behavior. 
When used in a dynamic analysis it is capable of six (6) degrees of freedom excitation, and nodal data 
input and output. Other linear elements use the SAP2000 frame element. This element represents beams 
and truss type members in the model, with either prismatic or non-prismatic sections. It uses a three-
dimensional, beam to column formulation that includes the effects of biaxial bending, torsion, axial 
deformation, and biaxial shear deformations. Nodes were located to capture true geometric properties and 
configurations, attain regular shell mesh shapes and aspect ratios, and locate dominant point masses. 


Required Dynamic Degrees of Freedom. The Eigenvector analysis option for modal extraction and 
combination in SAP2000 was utilized. The program internally assigns nodes so that the dynamic degrees 
of freedom match the system degrees of freedom. This option approaches the theoretical exact solution. If 
a higher total number of eigenvectors are sought such that the total accounts for 90 percent or more of the 
total mass, the eigenvector option approaches the true dynamic response of a structure. This is due to the 
fact that it considers each mode in the range requested for extraction, expansion and combination. 


Modeling of Stiffness and Mass. The SAP2000 program includes a structural section library for rolled 
steel sections contained in the AISC Manual. This provides an accurate call out of the steel section 
properties used in the model. Non-prismatic section structural properties and additional masses were 
externally calculated, documented, and included in the input stream.  
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Stiffness of reinforced concrete elements was modeled using concrete material properties and the gross 
thickness of the element. Structural analysis results are reported as nodal and/or element forces and 
moments, which were then used for member structural design.  


The Transfer Area model contains rigid elements and nodal constraint to simulate eccentricities, member 
offsets at multi-member connections, and nodal coupling. Rigid elements are SAP2000 frame or shell 
elements with relatively large stiffness with respect to adjacent elements. Nodal constraints and coupling 
are pre-programmed formulations available in SAP2000. 


Dynamic Coupling. Major equipment including the FHM crane in the FPA was explicitly modeled with 
the building structure. Main girders, vertical members, and appropriate end conditions were modeled. 
Significant masses of other equipment were applied at designated locations and positioned to capture the 
most critical dynamic effects on the supporting structure.  


Consideration of Adjacent Structures. The Storage Area is located immediately to the south of the 
Transfer Area. These structures are isolated from one another by a seismic gap that was sized based on 
the relative seismic deflections calculated from the SSI analysis. The effects of the structure-soil-structure 
interaction were captured into the response spectra generated by the SSI analysis. 


Static Analysis 


Static structural analysis refers to the methodology used to analyze the structure under static loads such as 
dead and live loads. This relates to a single structural solution in calculating forces and moments. The 
static load cases for the Transfer Area structure include dead, live, wind, and pressure loads. They are 
combined linearly with the multi-solution response spectra seismic case.  


A separate finite element analysis was performed to evaluate thermal response of the Transfer Area 
because different boundary conditions were required. Boundary conditions for the thermal structural 
model allowed free thermal expansion at the base, while a fixed base support was used for the other static 
design loads and dynamic seismic loads. Figure 4.7-50 shows boundary conditions for static force load 
cases including seismic, and Figure 4.7-51 reflects a single node base support used for the thermal load 
case. Thermal effects due to changes in material temperature from the reference temperature (assumed 
stress free) to a final steady state temperature were captured in this analysis. The effect of the temperature 
gradient across the shell thickness was also included in the thermal analysis. 


Dynamic Seismic Analysis 


Dynamic Soil-Structure-Interaction Analysis. The time history SSI analysis described in section 
3.2.3.1.8 was performed to investigate SSI effects and to develop in-structure response spectra for the 
Transfer Area. The input response spectra used for the fixed-base response spectra analysis were 
calculated by enveloping the SSI in-structure response spectra across the base of the Transfer Area. The 
intent was to capture SSI effects in the input spectra for the building analysis. In order to evaluate the 
ability of the fixed-base model to properly incorporate the SSI effects, peak in-structure accelerations 
from the fixed-base model were compared to the in-structure peak accelerations calculated in the SSI 
analysis for various locations in the Transfer Area. The results indicated that the overall accelerations 
were comparable.  
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Modal Analysis (Eigen Method Modal Extraction). Modal response characteristics were evaluated and 
the fundamental frequencies in three global directions were noted. Mode shapes and level of mass 
participation were evaluated to check the dynamic model, and to estimate the degree of missing mass.  


More than 90% of the building mass was accounted for in the horizontal direction and 89% in the vertical 
direction, which meets the requirements of ASCE 4 and NRC Regulatory Guide 1.92. 
Linear Elastic Dynamic Response Spectra Analysis. Structural analyses of the combined steel and 
reinforced concrete structures under seismic loads were performed using the response spectra method. 
The method of combining modal responses and spatial (X, Y, Z) components are in accordance with the 
guidelines of NRC Regulatory Guide 1.92. The value for structural damping was taken from NRC 
Regulatory Guide 1.61. 


Response Spectra Analysis Parameters. The following input parameters were used in the dynamic 
seismic analysis: 


• Input Response Spectra Curves at 7% of Critical Damping  
(refer to Figures 3.2-11 through 3.2-52). 7% is from NRC Reg. Guide 1.61.  


• Modal Damping Ratio = 5% (SAP2000 allows a damping ratio between 0 and 1. This damping 
equally affects all modes. Increasing the modal damping ratio increases the coupling between 
closely spaced modes).  


• Modal Combination Method = GMC (Draft Regulatory Guide DG-1108 [Proposed Revision 2 of 
Regulatory Guide 1.92] Combining Modal Responses and Spatial Components in Seismic 
Response Analysis identifies a number of acceptable methods. The Gupta Method is identified as 
an acceptable method in Section 1.2.2 of DG-1108. As stated in the SAP2000 user manual, the 
General Modal Combination [GMC] Method is the same as the complete modal combination 
procedure described by the Gupta Method). 


• Target Total Percent Mass Participation = 90% 


• Spatial Combination = SRSS - Reg. Guide 1.92, ASCE 4 


Both static and dynamic structural analyses use the same finite element model and boundary conditions. 
Static analysis methods were used for load cases involving static dead and live loads, wind, and pressure. 
These static load cases do not involve time dependent functions. Crane trolleys and bridges were placed 
in locations that were expected to produce the most critical response in the structure. 


Reinforced Concrete Structural Design 


Load Combinations. Since there are many load cases and combinations defined in the Transfer Area 
structural analyses, enveloping load cases were formulated to evaluate the structural demands on the 
reinforced concrete components. This provides a simplified method to evaluate the component based on 
maximum design conditions. Preliminary member sizing was based on the enveloping load cases defined 
below. Portions of the structure are evaluated more rigorously by evaluating individual load cases. 
RCCOMBO, EDENVE2, and FDNCOMBO are user-defined load combinations that are then performed 
by the SAP2000 program as part of the load output processing. 


• RCCOMBO is the envelope of the maximum and minimum forces and moments of static and 
dynamic load cases and load cases and load combinations, except thermal loads, on the walls and 
slabs. 
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• FDNCOMBO is the envelope of the maximum and minimum forces and moments of static and 
dynamic load cases and load combinations, except thermal loads, applicable for the design of 
concrete foundations. 


• EDENVE2 is the envelope of the maximum and minimum forces and moments of the four 
thermal cases associated with the Normal and Off-Normal Summer and Winter thermal cases. 


• Because the fixed-base boundary conditions were not compatible for investigating thermal loads, 
a separate finite element analysis model was used to analyze the thermal loads on the structure. 
The forces and moments in the concrete sections due to thermal loads were enveloped by load 
combination EDENVE2, in much the same manner as load combination RCCOMBO was used to 
envelope the mechanical loads (seismic, wind, dead, and live loads). The envelope of temperature 
loads included the effects of the change in bulk temperature and the temperature gradient in each 
section of concrete. Thermal load cases were defined for Normal and Off-Normal/Accident 
conditions. Each of these has a case for winter and summer.  


o Normal Temperatures – Normal outside temperature range with normal operating 
conditions. 


o Off-Normal Case 1– Normal outside temperature range with failure of the HVAC system. 


o Off-Normal Case 2 – Extreme outside temperature range and normal operation of the 
HVAC system. 


Walls and Slabs. Walls and slabs were designed for axial, flexural, and shear forces in the sections. The 
input forces and moments for each wall or slab were taken from the contour plots of the shell element 
forces and moments from the enveloped load cases RCCOMBO and EDENVE2. The extracted values 
represent the dominant axial, flexure, and shear behavior in each concrete section. The use of these 
envelopes adds conservatism to the design process because the most severe response is reported from all 
contributing loads combinations for each degree of freedom in the structure (even though these loads are 
not concurrent). The reinforcement used in determining the concrete capacity was calculated based on the 
requirements of ACI 349.  


Structure Foundation Analysis and Design 


Enveloping load combinations were formulated based on the static and dynamic load combinations 
(FDNCOMBO) and the thermal load combinations (EDENVE2). The combination of responses due to 
FDNCOMBO and EDENVE2 meet the requirements of NUREG 1536, Table 3-1. These enveloping load 
combinations were used to evaluate the structural demands on the reinforced concrete foundation.  


Mat Foundation 


The mat foundation for the Transfer Area was analyzed in a separate finite element calculation using the 
computer program SAP2000. The detailed finite element model of the transfer area described in the 
preceding paragraphs was used and the boundary conditions were modified by supporting the base of the 
structure on soil springs with the initial spring constants based on the modulus of subgrade reaction for 
the soil. Meaningful forces and moments in the mat are not produced from the response spectra analysis 
because static equilibrium is lost during the combination of modal and spatial responses. In order to more 
accurately capture the bending and shear in the mat due to seismic loads, static accelerations were used to 
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represent the seismic loads. The maximum building accelerations at the center of gravity of the structure 
were taken from the response spectra analysis and were applied to the model with soil springs. This 
provided a more realistic response in the mat with the soil springs. The foundation portion of the finite 
element model is shown in Figure 4.7-52. 


The modulus of subgrade reaction, ks, is equal to q/δ where q is the bearing pressure and δ is the 
settlement or deflection. An initial modulus of subgrade reaction was estimated based on allowable 
bearing pressure. The modulus of subgrade reaction was converted to a nodal spring constant by 
multiplying Ks by the tributary area of the nodes.  


The use of a uniform modulus of subgrade reaction to analyze and design mat foundations can result in a 
simplified soil response. Therefore, ks was modified based on the subgrade response. The nodal (spring) 
reactions and deflections were obtained from the initial finite element run. The estimated settlement due 
to the subgrade response (springs reactions) was calculated and compared with the mat deflections from 
the finite element run. New modulus of subgrade reaction values were calculated for each node based on 
the subgrade response and the estimated settlement. The finite element analysis was performed again with 
the new modulus of subgrade reaction and this process was repeated until comparable deflections were 
achieved.  


Contour plots of the enveloped forces and moments from the foundation finite element analysis were 
plotted. Contour plots of the forces and moments from the thermal analysis of the Transfer Area were also 
developed. The design forces and moments used for flexure and shear design of the mat were taken from 
these plots. Capacity to demand ratios for the mat were calculated in accordance with the requirements of 
ACI 349. 


Overturning and Sliding 


The capacity/demand ratio for sliding is defined as FS/VS, where FS is the resisting force (capacity) and VS 
is the sliding force (demand). The sliding force VS depends on the load or load combination considered. 
The resisting force FS is determined from the following equation, 


FS = NT*μ, 


where NT is the total normal force and μ is the soil-concrete friction coefficient.  


The capacity/demand ratio for overturning is defined as MR/MO, where MR is the resisting moment 
(capacity) and MO is the overturning moment (demand). The overturning moment is obtained by 
multiplying the lateral load VS by the appropriate lever arm. The moment is taken about the toe of the mat 
foundation. The resisting moment MR is obtained by multiplying resisting normal forces with their 
appropriate lever arm.  


Since there are no lateral soil loads on the Transfer Area under normal loads, overturning and sliding is 
considered only for tornado wind pressure loads and earthquake combinations as defined below. The 
minimum allowable capacity/demand ratio for overturning and sliding is 1.1. 


Earthquake forces for overturning and sliding were determined using two different methods. The first 
“Static Analysis” estimated the inertial forces by using the total mass of the structure and applying the 
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acceleration values at the second floor of the Transfer Area building (close to the center of mass of the 
structure). These acceleration values were the peak floor accelerations obtained from the SSI analysis. 
The inertial forces were assumed to act at the center of mass. The normal force, NT, was calculated by 
taking the total weight of the structure minus the vertical inertial force. 


The second method used to determine earthquake force was the “Seismic Analysis Method.” In this 
method, the forces were obtained by summing the enveloped base reactions from the Transfer Area finite 
element analysis (using the SRSS of “XYZ” seismic loads). The vertical and horizontal forces were then 
applied at the calculated center of gravity of the Transfer Area. 


Tornado loads from the four directions were considered. The tornado forces were obtained by summing 
the base reactions from the Transfer Area finite element analysis. Tornado wind loads for four different 
directions were considered and the maximum enveloped. The vertical and horizontal forces were then 
applied at the calculated center of gravity of the Transfer Area. 


Steel Structural Design 


The steel structure is classified as NITS. The structural steel is modeled in this calculation for its affects 
on the reinforced concrete structure. 


Summary of Results 


Modal Frequencies and Mass Participation  


The significant modes of vibration and mass participation are summarized in Table 4.7-12.  


• The fundamental mode for the North-South direction occurs at about 8.1 Hz and is due to a 
combination of modes 20 and 21 (closely spaced modes). About 29% of the mass of the structure 
participates in the fundamental mode. The second mode of vibration for the North-South direction 
occurs at mode 27 (9.14 Hz). It represents an overall north-south motion of the Transfer Area out-
of-phase with gallery floor slabs. About 12.6% of the structure mass participates in this secondary 
mode. 


• The fundamental east-west mode is a combination of modes 70 and 71 (closely spaced) occurring 
at about 14 Hz. About 67% of the mass of the structure participates in this mode.  


• The vertical modes are scattered throughout the high frequency range with the fundamental mode 
occurring at about 28.9 Hz (mode 179). About 23% of the mass participates in this mode which 
means that the balance of the vertical mass is primarily excited by the zero period acceleration 
(ZPA) of the response spectra. 


The Transfer Area model was run for 675 modes and over 90% of the mass was captured in the horizontal 
direction while over 87% of the vertical mass participated. 


Plots of modes of vibration for Transfer Area are shown in Figure 4.7-53 through Figure 4.7-58. 
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Mat Foundation Design Results Summary 


The Transfer Area concrete building is supported on a mat foundation. The mat in the Transfer Tunnel 
and at grade are 4 feet and 5 feet thick, respectively. Actual steel requirements vary throughout the mats, 
depending on the magnitude of the bending moments and shear forces in the mat. 


The capacity to demand ratios for the mat foundations due to flexure and shear is shown in Table 4.7-10. 
These ratios are conservative since demand is based on an envelope of the load combinations.  


Overturning and Sliding Results Summary 


The minimum capacity/demand ratio for sliding in the east-west direction was 1.26 based on seismic 
loading. The minimum ratio of 5.5 for overturning in the east-west direction was also based on the 
seismic loads. In the north-south direction the seismic load controlled for sliding and overturning with 
capacity/demand ratios of 1.87 and 4.2, respectively. These results are shown in Table 4.7-14. These 
ratios are greater than the minimum allowable ratio of 1.1. The structure has additional margin because 
the calculations are based on the mat foundation profile, neglecting the perimeter foundation. They also 
neglect the contribution of soil lateral pressures to resist sliding.  


Transfer Area Reinforced Concrete Wall Summary 


The reinforced concrete walls were designed based on demands due to axial, flexure, and shear forces for 
each main section of wall. The thickness of the walls is based on radiological shielding requirements. The 
contour plots of enveloped forces and moments due to static and seismic loads (RCCOMBO) and thermal 
loads (ENDEVE2) were used to determine the design forces and moments. The design of the main 
horizontal and vertical reinforcement in the wall sections is controlled by the combined flexure and axial 
effects. The actual design of the concrete wall sections was performed in accordance with the 
requirements of ACI 349. Table 4.7-15 provides a summary of the capacity to demand ratios for various 
wall sections in the Transfer Area (based on ACI 349 code requirements). These capacity to demand 
ratios are conservative since they are based on enveloped loads that do not occur concurrently and at a 
section of the wall being designed. The concrete design forces and moments are dominated by the results 
of the thermal load analysis. These values are also conservative due to the constrained nature of the finite 
element model that generated them. 


Transfer Area Reinforced Concrete Slabs Summary 


The reinforced concrete slabs and beams were designed based on demands due to axial, flexure, and shear 
forces for each main section. The thickness of the slabs is based on radiological shielding requirements. 
Contour plots of enveloped forces and moments due to static and seismic loads (RCCOMBO) and thermal 
loads (ENDEVE2) were used to determine the design forces and moments. The actual design of the 
concrete slab and beam sections was performed in accordance with the requirements of ACI 349. Table 
4.7-17 provides a summary of capacity to demand ratios for various slabs and beams in the Transfer Area 
(based on ACI 349 code requirements).These capacity to demand ratios are conservative since they are 
based on enveloped loads that do not occur concurrently. The concrete design forces and moments are 
dominated by the results of the thermal load analysis. These values are also conservative due to the 
constrained nature of the finite element model that generated them.  
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Transfer Area Temperature Effects 


Generally speaking, the thermal loads and moments in the Transfer Area walls and slabs are greater than 
those due to static and dynamic loads. The results in Table 4.7-15 and Table 4.7-17 demonstrate that the 
facility has sufficient capacity to withstand off-normal/accident thermal loads. 


4.7.3.3.3 Storage Area 


Design Bases 


The Storage Area is comprised of the concrete storage vault structure, the adjoining south section of the 
Transfer Tunnel, and steel framed structure that covers the storage vaults and provides weather protection 
for the CHM. The reinforced concrete storage vaults and transfer tunnel structure are classified ITS. The 
steel building is classified NITS. 


• Tornado – The concrete storage vault walls, storage vault charge face, storage tube covers, and 
Transfer Tunnel are designed to withstand the effects of the design basis tornado, including 
tornado wind, tornado missiles, and differential pressure. 
 
Primary structural steel of the Storage Area is designed to withstand tornado wind loads using the 
conservative assumption that the wall and roof panels remain in place to transfer the wind loads 
to these members. 


Wall and roof panels are not designed to withstand tornado wind, tornado missiles or tornado 
differential pressure. Therefore, the structure is considered vented and the primary steel is not 
subjected to the design differential pressure.  


Primary structural support members of the Storage Area are designed to withstand tornado 
missiles. Secondary members such as purlins and girts are not designed to withstand tornadoes. 


• Earthquake – The ITS reinforced concrete Storage Area is designed to withstand the effects of 
the design earthquake. This includes the concrete vault walls, floor slab, foundation, charge face, 
and Transfer Tunnel. The NITS primary structural steel members of the Storage Area are also 
designed to withstand the design earthquake loads. Secondary members such as purlins and girts, 
as well as roof and wall panels, are not designed for the design earthquake.  


• Fire or Explosion – A fire hazards analysis was performed to evaluate potential fires that could 
affect the Storage Area and to ensure that ITS features of the Storage Area vault continue to 
perform without loss of safety function during credible fires. Fire detection systems are installed 
in the Storage Area building but not the Storage Area vaults. Fire sprinklers are not installed 
inside the Storage Area building to ensure that an inadvertent actuation will not result in water 
entering the vault through the air vents in the charge face. Refer to Section 4.3.8 for additional 
discussion on the fire detection system and fire hazards inside the Storage Area. 


• Flood –The Storage Area charge face is located at elevation 4938 feet, 6 inches approximately 
18 feet above the PMF level. The bottom of the inlet air vents are also located above the PMF 
level; therefore, floodwater cannot enter the air vents in the storage vaults. The storage vaults do 
not have through-wall penetrations below the PMF level, and construction joints have water stops 
to ensure leak tightness.  
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The south portion of the Transfer Tunnel may be subjected to flood water through the outer door, 
which is not watertight. Approximately 8 and one half feet of water could flood the inside the 
Transfer Tunnel.  


• Lightning – The Storage Area building has a lightning arrestor system designed in accordance 
with NFPA 780, Lightning Protection Code. 


• Shielding Considerations – One of the primary functions of the Storage Area vaults is to provide 
radiation shielding from the SNF stored within this structure. The vault walls and charge face 
were designed with thick concrete sections and design features to minimize the radiation dose 
rates in adjacent areas that can be occupied by personnel at the ISF Facility. Chapter 7 provides 
an evaluation of the expected dose rates in the areas around the Storage Area. 


• Temperature Effects - The storage vaults, charge face structure and Transfer Tunnel were 
analyzed for a range of normal and off normal temperature conditions. Section 3.2.5.1.6 and 
Section 3.2.5.1.10 provides off-normal temperature cases used to analyze these concrete 
structures. The temperature effects on the steel Storage Area building are considered negligible 
and self-limiting, and therefore not included in the design.  


• Retrieval Considerations – Spent fuel handling in the Storage Area consists of lifting ISF 
canisters from the canister trolley and inserting them into storage tubes in the charge face of the 
storage vault. The CHM is a single failure proof design, which considers normal and off-normal 
loading conditions. In the event of a breakdown of the CHM, normal repair activities could be 
performed in the Storage Area because radiation levels would be minimal due to the shielding of 
the CHM turret. The CHM includes features to manually lower a canister in the event of a power 
failure. 


• Decontamination Considerations – The Storage Area is considered a “clean” area and is not 
expected to become contaminated during canister transfer operations. The south section of the 
Transfer Tunnel is designed to permit decontamination of the cask trolley and canister trolley 
should the need arise. The design of structural concrete incorporates features to facilitate 
decontamination. This is primarily accomplished through the use of decontaminatable coatings on 
concrete surfaces in the Transfer Tunnel. 


Design Loads 


The following loads were included in the design of the Storage Area. 


• Dead Loads (D) -Includes the weight of the structure and permanently attached equipment and 
utilities including the weight of the CHM. 


• Live Loads (L) – The area live loads for the Storage Area are defined as follows: 


o The charge face and the area over the Transfer Tunnel were designed for a live load of 
150 psf in addition to the concentrated loads associated with CHM maintenance 
equipment.  


o The Transfer Tunnel was designed for a live load of 200 psf in addition to the loads 
associated with the cask and canister trolley.  
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o The panel roof of the Storage Area building was designed for a live load of 20 psf and 
snow load of 30 psf. 


• Soil Pressure (H) - These are defined as lateral soil pressure due soil weight, ground water, and 
loads imparted through the soil from adjacent structures. These loads are considered negligible 
for analysis of the ITS structures of the Storage Area since the depth of the structure below grade 
is minimal. 


• Wind Loads (W) - Wind loads are based on a 90 mph three-second gust in accordance with 
ASCE 7 and are applied to both ITS and NITS structural members of the Storage Area. Refer to 
Section 3.2.1.1 for design basis wind load parameters. 


• Temperature Loads (T) – Thermal loads associated with temperature distribution and thermal 
gradients and effects of expansion and contraction of concrete elements. Refer to Section 
3.2.5.1.6 and Section 3.2.5.1.10 for the off-normal temperature cases used in the analysis of the 
concrete structures of the storage vault, charge face structure and Transfer Tunnel. 


• Earthquake Loads (E) - Loads attributable to the direct and secondary effects of the design 
earthquake are applied to the base of the Storage Area. The response spectra method is used to 
evaluate structural demand on Storage Area structures. The input response spectra are based on 
the results of the SSI analysis. Refer to Section 3.2.3 for seismic design criteria applied to the 
Storage Area. 


• Tornado Loads (Wt) – This includes tornado wind, tornado differential pressure, and tornado 
missiles. Specific tornado loads applied to the Storage Vault, Transfer Tunnel and Storage Area 
building are discussed above. Refer to Section 3.2.1 for tornado load design criteria and 
parameters applied to the ISF Facility. 


• Accident Loads (A) – There are no accident loads included in the design of the Storage Area in 
addition to those described above. 


Material Properties 


Properties of concrete used in the Storage Area are: 


• Concrete Units Weight, γconc =145 pcf 


• Concrete Compressive Strength, f ′c = 4,000 psi 


• Concrete Young’s Modulus, Econc = 3,604,000 psi 


• Concrete Poisson’s ratio, v = 0.2 


• Reinforcing Steel Yield Strength, fy = 60,000 psi 


• Reinforcing Steel Modulus, Esteel = 29,000,000 psi 


• Coefficient of Thermal Expansion = 5.5 x 10-6 in./in./°F 


Properties of Steels Used in the Storage Area are: 


• Modulus of Elasticity = Esteel = 29,000,000 psi 


• Poisson’s Ratio, v = 0.3 
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• Density γ = 490 pcf 


Soil properties used in the analysis of the Storage Area are: 


• In-place unit weight of soil = 135 pcf 


• Mohr-Coulomb Soil friction angle (φ) = 41° 


• Lateral soil coefficient for at-rest conditions = 0.34 


• Lateral soil coefficient for passive conditions = 4.81 


• Lateral soil pressure for active conditions = 0.21 


• Soil/Concrete Coefficient of Friction (μ) = 0.55 


Load Combinations 


Specific load combinations are provided in Section 3.2.5.2. The load cases and combinations listed in 
Table 4.7-7 were included in the structural analysis of the Storage Area. 


Structural Analysis 


The structural analysis of the Storage Area was performed to demonstrate the structural adequacy of the 
concrete ITS structures under the design loads and combinations. The structural analysis methodology 
included static and response spectra methods. The multipurpose finite element (FE) analysis program, 
SAP2000, was used to model and analyze the Storage Area. 


The purpose of the analysis was to show that the ITS portions of the Storage Area (the concrete structure) 
were structurally adequate for defined design loads. The steel NITS structure that covers the Storage Area 
charge hall was included in the finite element model of the Storage Area specifically for its effect on the 
concrete structure. Similar design bases loads were applied to the NITS steel structure as to the ITS 
concrete structure, including seismic and tornado wind.  


Computer Model and Program 


Storage Area Building Structure. The main reinforced concrete structure consisting of the Transfer 
Tunnel and storage vaults 1 and 2 is classified as ITS. The ITS concrete structure is shown in Figure 
4.7-59 through Figure 4.7-62. The steel framed superstructure, shown in Figure 4.7-63 and Figure 4.7-64 
is classified as NITS. It is supported atop the concrete shield walls of the storage area. The steel is 
included in the finite element model to capture its effects on the concrete. 


The walls of the Storage Area are 36 inches thick and are supported on a mat foundation that varies in 
thickness from 4 feet to 3 feet. The floor over the transfer tunnel is 36 inches thick. The charge face 
structure over the storage vaults is 30 inches thick. The charge face is penetrated with an array of transfer 
ports that provide access to the storage tubes. The storage tubes are both vertically and horizontally 
supported at the base of the vault, but are only laterally supported by the charge face structure.  


The charge face of the storage vaults was modeled as reinforced concrete beams that run in both 
directions supporting the steel storage tube penetration encasts. A series of interconnected 3-dimensional 
frame elements were used to model this structure and are referred to as “grid beams”. These grid beams 
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were modeled to provide only lateral support to the storage tubes and not allow transfer of vertical loads. 
The storage tubes were modeled for effect on the vault structure using frame elements. The storage tubes 
are modeled with a pinned connection to the vault floor. The center to center distance and the cross 
section of the beams is based on the narrowest effective cross section of the concrete section between two 
adjacent canister storage tubes.  


Computer Model. The mathematical model developed for the Storage Area structures was generated in 
accordance with requirements addressed in the ASCE 4 and NRC Regulatory Guide 1.92. Modeling 
requirements to account for parameters such as degrees of freedom, stiffness, and mass are discussed 
further in the following sections. Figure 4.7-65 through Figure 4.7-67 show additional views of the 
Storage Area, including cut-away views of the storage vaults and transfer tunnel. 


Shell and Beam Elements. The reinforced concrete walls, slabs, and foundation mats were simulated by 
the SAP2000 shell element. This element is a three-node triangular or four-node quadrilateral element 
with an isoparametric formulation that combines separate membrane and plate-bending behavior. When 
used in a dynamic analysis it is capable of six (6) degrees of freedom excitation, and nodal data input and 
output. Other linear elements use the SAP2000 frame element. This element represents beams and truss 
type members in the model, with either prismatic or non-prismatic sections. It uses a three-dimensional, 
beam to column formulation that includes the effects of biaxial bending, torsion, axial deformation, and 
biaxial shear deformations. Nodes were located to capture true geometric properties and configurations, 
attain regular shell mesh shapes and aspect ratios, and locate dominant point masses. 


Required Dynamic Degrees of Freedom. The Eigenvector analysis option for modal extraction and 
combination in SAP2000 was utilized. The program internally assigns nodes so that the dynamic degrees 
of freedom match the system degrees of freedom. This option approaches the theoretical exact solution. If 
a higher total number of eigenvectors are sought such that the total accounts for more than 90 percent or 
more of the total mass, the eigenvector option approaches the true dynamic response of a structure. This is 
due to the fact that it considers each mode in the range requested for extraction, expansion and 
combination. 


Modeling of Stiffness and Mass. The SAP2000 program includes a structural section library for rolled 
steel sections contained in the AISC Manual. This provides an accurate call out of the steel section 
properties used in the model. Non-prismatic section structural properties and additional masses were 
externally calculated, documented, and included in the input stream. 


Stiffness of reinforced concrete elements (SAP2000 shell elements) were modeled using concrete material 
properties and the gross thickness of the element. Structural analysis results are reported as nodal and/or 
element forces and moments, which were then used for member structural design. 


The Storage Area model contains rigid elements and nodal constraints to simulate eccentricities, member 
offsets at multi-member connections, and nodal coupling. Rigid elements are SAP2000 Frame or Shell 
elements with relatively large stiffness with respect to adjacent elements. Nodal constraints and coupling 
are pre programmed formulations available in SAP2000. 


Dynamic Coupling. The CHM was explicitly modeled with the building structure. The model of the 
CHM included main girders, vertical members, appropriate member releases, and lumped masses to 
capture its static and dynamic characteristics. The CHM crane girders and turret were positioned to 
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produce the most critical loads in the Storage Area walls. Significant masses of other equipment were 
applied at designated locations and positioned to capture the most critical dynamic effects on the 
supporting structure.  


Consideration of Adjacent Structures. The Storage Area is located between the Transfer Area and Cask 
Receipt Area. These structures are isolated from one another by a seismic gap that was sized based on the 
relative seismic deflections calculated from the SSI analysis. The effects of the structure-soil-structure 
interaction were captured into the response spectra generated by the SSI analysis.  


Static Analysis 


Static structural analysis refers to the methodology used to analyze the structure under static loads such as 
dead and live loads. This relates to a single structural solution in calculating forces and moments. The 
static load cases for the Storage Area structure include dead, live, wind, and pressure loads. They are 
combined linearly with the multi-solution response spectra seismic case. 


A separate finite element analysis was performed to evaluate thermal response of the Storage Area 
because different boundary conditions were required. Boundary conditions for the thermal structural 
model allowed free thermal expansion at the base, while a fixed base support was used for all other static 
design loads and dynamic seismic loads. Figure 4.7-68 shows boundary conditions for all static force load 
cases including seismic, and Figure 4.7-69 reflects a single node base support used for the thermal load 
case. Thermal effects due to changes in material temperature from the reference temperature (assumed 
stress free) to a final steady state temperature were captured in this analysis. The effect of the temperature 
gradient across the shell thickness was also included in the thermal analysis. 


Dynamic Seismic Analysis 


Dynamic Soil-Structure-Interaction Analysis. The time history SSI analysis described in 
Section 3.2.3.1.8 was performed to investigate SSI effects and to develop in-structure response spectra for 
the Storage Area. The input response spectra used for the fixed-base response spectra analysis were 
calculated by enveloping the SSI in-structure response spectra across the base of the Storage Area. The 
intent was to capture SSI effects in the input spectra for the building analysis. In order to evaluate the 
ability of the fixed-base model to properly incorporate the SSI effects, peak in-structure accelerations 
from the fixed-base model were compared to the in-structure peak accelerations calculated in the SSI 
analysis for various locations in the Storage Area. The results of the comparison indicated overall 
accelerations were comparable. 


Modal Analysis (Eigen Method Modal Extraction). Modal response characteristics were evaluated and 
the fundamental frequencies in three global directions were noted. Mode shapes and level of mass 
participation were evaluated to check the dynamic model, and to estimate the degree of missing mass. 
More than 90% of the building mass was accounted for, meeting the requirements of ASCE 4 and NRC 
Regulatory Guidelines. 


Linear Elastic Dynamic Response Spectra Analysis. Structural analyses of the combined steel and 
reinforced concrete structures under seismic loads were performed using the response spectra method. 
The method of combining modal responses and spatial (X, Y, Z) components are in accordance with the 
guidelines of NRC Regulatory Guide 1.92. 
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Response spectra analysis parameters. The following input parameters were used in the dynamic 
seismic analysis: 


• Input Response Spectra Curves at 7% of Critical Damping (refer to Figures 3.2-11 through 3.2-
52). 7% is from NRC Reg. Guide 1.61. 


• Modal Damping Ratio = 7% (SAP2000 allows a damping ratio between 0 and 1. This damping 
equally affects all modes. Increasing the modal damping ratio increases the coupling between 
closely spaced modes).  


• Modal Combination Method = GMC (Draft Regulatory Guide DG-1108 [Proposed Revision 2 of 
Regulatory Guide 1.92] Combining Modal Responses and Spatial Components in Seismic 
Response Analysis identifies a number of acceptable methods. The Gupta Method is identified as 
an acceptable method in Section 1.2.2 of DG-1108. As stated in the SAP2000 user manual, the 
General Modal Combination [GMC] Method is the same as the complete modal combination 
procedure described by the Gupta Method).  


• Target Total Percent Mass Participation = 90% 


• Spatial Combination = SRSS - Reg.Guide 1.92, ASCE 4  


Both static and dynamic structural analyses use the same finite element model and boundary conditions. 
Static analysis methods were used for load cases involving static dead and live loads, wind, and pressure. 
These static load cases do not involve time dependent functions. Crane trolleys and bridges were placed 
in locations that were expected to produce the most critical response in the structure. 


Reinforced Concrete Structural Design 


Load Combinations. Since there are many load cases and combinations defined in the Storage Area 
structural analyses, enveloping load cases were formulated to evaluate the structural demands on the 
reinforced concrete components. This provides a simplified method to evaluate the component based on 
maximum design conditions. Preliminary member sizing was based on the enveloping load case defined 
below. Portions of the structure may be evaluated more rigorously by evaluating individual load cases. 
RCCOMBO, EDENVE2, and FDNCOMBO are user defined load combinations that are then performed 
by the SAP2000 program as part of the load output processing. 


• RCCOMBO is the envelope of the maximum and minimum forces and moments of static and 
dynamic load cases and load cases and load combinations, except thermal loads, on the walls and 
slabs. 


• FDNCOMBO is the envelope of the maximum and minimum forces and moments of static and 
dynamic load cases and load combinations, except thermal loads, applicable for the design of 
concrete foundations. 


• EDENVE2 is the envelope of the maximum and minimum forces and moments of the four 
thermal cases associated with the Normal and Off-Normal Summer and Winter thermal cases. 


• Because the fixed-base boundary conditions were not compatible for investigating thermal loads, 
a separate finite element analysis model was used to analyze the thermal loads on the structure. 
The forces and moments in the concrete sections due to thermal loads were enveloped by load 
combination EDENVE2, in much the same manner as load combination RCCOMBO was used to 
envelope the mechanical loads (seismic, wind, dead, and live loads). The envelope of temperature 
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loads included the effects of the change in bulk temperature and the temperature gradient in each 
section of concrete. Thermal load cases were defined for Normal and Off-Normal/Accident 
conditions. Each of these has a case for winter and summer.  


o Normal Temperatures – Normal outside temperature range with normal operating 
conditions. 


o Off-Normal Case 1 – Normal outside temperature range with failure of the HVAC system 
and partial blockage of vault vents. 


o Off-Normal Case 2 – Extreme outside temperature range and normal operation of the 
HVAC system. 


Walls and Slabs. Walls and slabs were designed for axial, flexural, and shear forces in the sections. The 
input forces and moments for each wall or slab were taken from the contour plots of the shell element 
forces and moments from the enveloped load cases RCCOMBO and EDENVE2. The extracted values 
represent the dominant axial, flexure, and shear behavior in each concrete section. The use of these 
envelopes adds conservatism to the design process because the most severe response is reported from all 
contributing loads combinations for each degree of freedom in the structure (even though these loads are 
not concurrent). The reinforcement used to determine the concrete capacity was calculated based on the 
requirements of ACI 349. 


Structure Foundation Analysis and Design 


Enveloping load combinations were formulated based on the static and dynamic load combinations 
(FDNCOMBO) and the thermal load combinations (EDENVE2). The combination of responses due to 
FDNCOMBO and EDENVE2 meet the requirements of NUREG 1536, Table 3-1. These enveloping load 
combinations were used to evaluate the structural demands on the reinforced concrete foundation.  


Mat Foundation 


The mat foundation for the Storage Area was analyzed in a separate finite element calculation using the 
computer program SAP2000. The detailed finite element model of the storage area described in the 
preceding paragraphs was used and the boundary conditions were modified by supporting the base of the 
structure on soil springs with the initial spring constants based on the modulus of subgrade reaction for 
the soil. Meaningful forces and moments in the mat are not produced from the response spectra analysis 
because static equilibrium is lost during the combination of modal and spatial responses. In order to more 
accurately capture the bending and shear in the mat due to seismic loads, static accelerations were used to 
represent the seismic loads. The maximum building accelerations at the center of gravity of the structure 
were taken from the response spectra analysis and were applied to the model with soil springs. This 
provided a more realistic response in the mat with the soil springs. The foundation portion of the finite 
element model is shown in Figure 4.7-70. 


The modulus of subgrade reaction, ks, is equal to q/δ where q is the bearing pressure and δ is the 
settlement or deflection. An initial modulus of subgrade reaction was estimated based on allowable 
bearing pressure. The modulus of subgrade reaction was converted to a nodal spring constant by 
multiplying Ks by the tributary area of the nodes.  


The use of a uniform modulus of subgrade reaction to analyze and design mat foundations can result in a 
simplified soil response. Therefore, ks was modified based on the subgrade response. The nodal (spring) 
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reactions and deflections were obtained from the initial finite element run. The estimated settlement due 
to the subgrade response (springs reactions) was calculated and compared with the mat deflections from 
the finite element run. New modulus of subgrade reaction values were calculated for each node based on 
the subgrade response and the estimated settlement. The finite element analysis was performed again with 
the new modulus of subgrade reaction and this process was repeated until comparable deflections were 
achieved.  


Contour plots of the enveloped forces and moments from the foundation finite element analysis were 
plotted. Contour plots of the forces and moments from the thermal analysis of the Storage Area were also 
developed. The design forces and moments used for flexure and shear design of the mat were taken from 
these plots. Capacity to demand ratios for the mat were calculated in accordance with the requirements of 
ACI 349. 


Overturning and Sliding 


The capacity/demand ratio for sliding is defined as FS/VS, where FS is the resisting force (capacity) and VS 
is the sliding force (demand). The sliding force VS depends on the load or load combination considered. 
The resisting force FS due to soil friction is determined from the following equation, 


FS = NT*μ, 


where NT is the total normal force and μ is the soil-concrete friction coefficient. Passive soil pressures 
were also used to resist the sliding forces. 


The capacity/demand ratio for overturning is defined as MR/MO, where MR is the resisting moment 
(capacity) and MO is the overturning moment (demand). The overturning moment is obtained by 
multiplying the lateral load VS by the appropriate lever arm. The moment is taken about the toe of the mat 
foundation. The resisting moment MR is obtained by multiplying resisting normal forces with their 
appropriate lever arm.  


Since there are no lateral soil loads on the Storage Area under normal loads, overturning and sliding is 
considered only for tornado wind pressure loads and earthquake combinations as defined below. The 
minimum allowable capacity/demand ratio for overturning and sliding is 1.1. 


Earthquake forces for overturning and sliding were determined using two different methods. The first, 
“Static Analysis” estimated the inertial forces by using the total mass of the structure and applying the 
acceleration values at the second floor of the Storage Area (close to the center of mass of the structure). 
These acceleration values were the peak floor accelerations obtained from the SSI analysis. The inertial 
forces were assumed to act at the center of mass. The normal force, NT, was calculated by taking the total 
weight of the structure minus the vertical inertial force. 


The second method used to determine earthquake force was the “Seismic Analysis Method.” In this 
method, the forces were obtained by summing the enveloped base reactions from the Storage Area finite 
element analysis (using the SRSS of “XYZ” seismic loads). The vertical and horizontal forces were then 
applied at the calculated center of gravity of the Storage Area. 


Tornado loads from the four directions were considered. The tornado forces were obtained by summing 
the base reactions from the Storage Area finite element analysis. Tornado wind loads for four different 
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directions were considered and the maximum enveloped. The vertical and horizontal forces were then 
applied at the calculated center of gravity of the Storage Area. 


Steel Structural Design 


The steel structure provides an enclosure over the Storage Area vaults. This steel structure is classified as 
NITS. The structural steel is modeled in this calculation for its affects on the reinforced concrete 
structure. 


Summary of Results 


Modal Frequencies and Mass Participation  


The significant modes of vibration and mass participation are summarized in Table 4.7-18. 


• Due to the high vertical stiffness of the Storage Area, the vertical mass is distributed throughout 
the frequency range without a clear single fundamental mode. Modes 31, 45 and 112 (10.6 Hz, 
12.9 Hz, and 28.3 Hz) demonstrate the response of the three main sections of floor slab in the 
Charge Hall. These modes, along with the CHM vertical mode (mode 57) and other secondary 
modes, account for about 26% of the vertical mass below 28.3 Hz. The remaining mass is excited 
throughout the high frequency range of response.  


• Mode 47 reflects the Storage Area east-west fundamental frequency of 14.8 Hz. This mode 
accounts for about 53% of the total east-west mass of the structure.  


• The fundamental mode of vibration of the Storage Area structure in the north-south direction 
occurs at Mode 75 (22.2 Hz) and accounts for almost 31% of the north-south mass. 


The global dynamic response of the structure was captured by inclusion of 650 modal responses in the 
modal combination (or summation). The total percent of accumulated mass from the 650 modes is 
approximately 93% for the north-south direction, 92% for the east-west direction and 89% for the vertical 
direction. This satisfies the requirements for a response spectra analysis addressed in the ASCE 4 
guidelines. 


Plots of modes of vibration for Transfer Area are shown in Figure 4.7-71 through Figure 4.7-73. 


Relative Displacements  


The relative displacements due to seismic loads were calculated from the SSI analysis and are presented 
in Table 4.7-19. There is very little relative movement between the Storage Area and the Transfer Area or 
the CRA. The maximum relative displacement is less than 0.20 inches.  


The relative vertical displacement between the charge face and the vault base is of interest to ensure 
control the gaps between the storage tube and the charge face penetration liners. The maximum vertical 
relative displacement is less than 0.10 inches.  


Mat Foundation Design Results Summary 


The Storage Area concrete building is supported on a mat foundation. The mat in the tunnel is 4 feet thick 
and the mat is 3 feet thick under the storage vault. Actual steel requirements vary throughout the mat, 
depending on the magnitude of the bending moments and shear forces. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.7-88 


 


  


The capacity of the mat for bending moments and out-of-plane shear is shown in Table 4.7-10. These 
ratios are conservative since the demand is based on an envelope of the load combinations.  


Overturning and Sliding Results Summary 


The minimum capacity/demand ratio for sliding in the east-west direction was 1.23 based on seismic 
loading. The minimum ratio of 3.4 for overturning in the east-west direction was also based on the 
seismic loads. In the north-south direction the seismic load controlled for sliding and overturning with 
capacity/demand ratios of 1.56 and 4.3, respectively. These results are shown in Table 4.7-21.These ratios 
are greater than the minimum allowed ratio of 1.1.  


Storage Area Reinforced Concrete Wall Summary 


The reinforced concrete walls were designed based on demands due to axial, flexure and shear forces for 
each main section of wall. The thickness of the walls is based on the radiological shielding requirements. 
The contour plots of enveloped forces and moments due to static and seismic loads (RCCOMBO) and 
thermal loads (ENDEVE2) were used to determine the design forces and moments. The design of the 
main horizontal and vertical reinforcement in the wall sections is controlled by the combined flexure and 
axial loads. The actual design of the concrete wall sections was performed in accordance with the 
requirements of ACI 349. Table 4.7-22 provides a summary of the capacity to demand ratios for various 
wall sections in the Storage Area (based on ACI 349 code requirements). These capacity to demand ratios 
are conservative since they are based on enveloped loads that do not occur concurrently and at a section 
of the wall being designed. The concrete design forces and moments are dominated by the results of the 
thermal load analysis. These values are also conservative due to the constrained nature of the finite 
element model that generated them.  


Storage Area Reinforced Concrete Slabs Summary 


The reinforced concrete slabs and beams were designed based on demands due to axial, flexure and shear 
forces for each main section. The thickness of the slabs is based on radiological shielding requirements. 
Contour plots of enveloped forces and moments due to static and seismic loads (RCCOMBO) and thermal 
loads (ENDEVE2) were used to determine the design forces and moments. The design of the concrete 
slab and beam sections was performed in accordance with the requirements of ACI 349. Table 4.7-24 
provides a summary of the capacity to demand ratios for various slabs and beams in the Storage Area 
(based on ACI 349 code requirements).These capacity to demand ratios are conservative since they are 
based on enveloped loads that do not occur concurrently and at a section being designed. The concrete 
design forces and moments are dominated by the results of the thermal load analysis. These values are 
also conservative due to the constrained nature of the finite element model that generated them.  


Storage Area Temperature Effects 


Generally speaking, the thermal loads and moments in the Storage Area walls and slabs are greater than 
those due to static and dynamic loads. The results in Table 4.7-22 and Table 4.7-24 demonstrate that the 
facility has sufficient capacity to withstand off-normal/accident thermal loads. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.7-89 


 


  


4.7.3.3.4 Cask Receipt Crane 


Design Bases 


The design of the CRC considered the following conditions: 


• Tornado – Tornado effects are not included in the design of the CRC. The probability that the 
CRC will be handling a transfer cask containing a SNF shipment concurrently with a tornado 
event is extremely low (< 10-7 events/year) and is therefore not considered a credible event at the 
ISF Facility. Chapter 8 presents additional information regarding tornado events at the ISF 
Facility. 


• Earthquake – The CRC is designed for seismic loads using the response spectra method. The 
CRC will remain in position and continue to support the maximum design load during and after a 
seismic event, but may not remain operational. The crane control system is de-energized during 
and following a seismic event, and fail safe on loss of electrical supply. The CRC was analyzed 
loaded and unloaded in the “hook-up” and “hook-down” positions. 


• Fire or Explosion – The CRC meets the requirements NFPA-70, National Electric Code to 
minimize the likelihood and effect of any fires that might occur from faulty electrical equipment. 
Credible fires or explosions in the CRA that may have an adverse effect on the CRC are 
discussed in Section 4.3.8. 


• Flood – The CRC hoist is located well above PMF elevation, and therefore would not be 
subjected to flood loads. Structural support members of the CRC would be submerged, however, 
there would be no significant differential pressure or hydraulic loads acting on this structure. 
Wave action during the PMF is expected to be minimal, and a water velocity of 1 to 3 feet/sec 
would produce negligible dynamic loads on the steel framing that supports the CRC. 


• Lightning – The CRC is located inside of the CRA building, which is provided with a lightning 
arrestor system designed in accordance with NFPA 780, Lightning Protection Code. The CRC is 
also grounded in accordance with electrical design requirements. The CRC will not be subjected 
to direct lightning strikes. 


• Shielding Considerations – The CRC handles shielded shipping casks and does not require 
additional shielding. 


• Temperature – The CRC operates inside the CRA. Normal temperatures in the CRA building 
are controlled by the HVAC system within a range of 40°F to 105°F. The minimum and 
maximum anticipated off-normal temperature in the CRA building are -26°F and 149°F 
respectively. The minimum off-normal temperature may occur if the heating system in the 
building fails during the winter months when the outside ambient temperature is extremely low. 
Under these conditions, load handling operations are terminated, and the CRC will remain 
unloaded at temperatures below 32°F or above 105°F. 


• Retrieval Considerations – SNF handling operations consist of lifting a shipping cask from a 
transporter and lowering it into the cask trolley. The CRC is a single failure proof design, which 
considers credible loading conditions. In the event of a breakdown of the CRC, normal repair 
activities could be performed in the CRA because radiation levels would be within acceptable 
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levels. The hoist brake hand release feature allows a fully loaded CRC to be lowered by hand 
safely and in a controlled manner in accordance with the requirements of NUREG-0554. 


• Decontamination Considerations – The CRC operates in a “clean” area and not subjected to 
airborne contamination. 


• Protective Coatings – The CRC is protected from the external environment by the floor, roof, 
and walls of the CRA building. Protective coatings consist of two finish coats of paint over a 
single coat of rust-inhibiting metal primer. 


• Off normal design considerations – The CRC has been designed with features in accordance 
with NUREG-0554 to prevent two-blocking and load hang-up. 


Design Loads 


The following loads were included in the design of the CRC: 


Loads Term Description of Load 
Dead Loads DL Includes the weight of effective fixed parts of the crane and support 


base. 
Lifted Load LL Working load and the weight of the lifting devices used for handling 


and holding the working load such as the load block, lifting beam, 
and other supplemental devices. The Transfer Cask and contents 
weighs approximately 35 tons. The CRC was designed and analyzed 
to handle a future transportation cask weighing 300,000 lbs and a 
10,000 lb lifting device.  


Inertia Force from Drives IFD not applicable to fixed hoist CRC 
Hoist Load Factor HLF 0.15 
Test Load -- 125 percent of rated load 
Seismic Load DE  


Load Combinations 


The following load combinations were used in the design of the CRC: 


Load Case Description Terms 
1 Crane in regular use under principal loading  (DL) + 1.15 (LL) + IFD 
2 Crane in regular use under principal and additional loading Not applicable to the CRC 
3 Extraordinary loads See Below 


3.1 Loaded crane with design earthquake DL + LL + DE + IFD 
3.2 Static test load DL + 1.25 (LL) 


Structural Analysis 


This section addresses the structural analysis of the CRC hoist, equalizer beam, equalizer support beam 
and main girder. The structural analysis of the steel tower that supports the CRC is included in the 
analysis of the CRA in Section 4.7.3.3.1.  
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The static and dynamic analyses of the CRC were performed with STAADPRO, a general-purpose finite 
element program. 


Seismic Model 


The cask receipt crane is represented by a generalized three dimensional lumped mass system 
interconnected by weightless elastic members. The model reflects the overall size, length, connectivity, 
and stiffness of various structural members. The primary members include main girders, equalizer support 
beams, equalizer beam, drums, and hoist ropes. The rope and the lower block with lifted weight behave as 
a pendulum at about 0.26 Hz during a seismic event. The horizontal seismic response due to this 
pendulum effect is negligibly small. 


Dynamic degrees of freedoms are assigned to a sufficient number of lumped mass points in locations that 
simulate the actual mass distribution. Structural members subjected to concentrated loads are provided 
with additional nodes at points where concentrated loads or their equivalent masses are positioned. The 
mathematical model for the cask receipt crane is shown in Figure 4.7-74 for the hook up condition. The 
hook down position is 50 feet below the center of the equalizer beam. 


Seismic Analysis 


A linear elastic response spectrum method was employed for the seismic analysis. Modal participation 
factors and response spectrum values corresponding to the modal frequencies were used to select the 
significant modes. Modes were divided into flexible or rigid range. Modes in the flexible range were 
combined by the SRSS method while the modes in the rigid range, which accounts for the missing 
masses, were combined by the algebraic sum method. The flexible range response and the rigid range 
response were combined again by the SRSS method. This method is equivalent to considering all modes 
and is consistent with Appendix A to SRP Section 3.7.2 of NUREG-0800. The responses obtained from 
the three direction analyses were combined in accordance with the NRC Regulatory Guide 1.92. The 
values from the 5% of critical damping response spectra curves were applied. 


The CRC was analyzed for three conditions: lifting a future 150 ton transportation cask and 10,000 pound 
lifting device on the hook; lifting the 35 ton Transfer Cask and lifting device on the hook, and no load on 
the hook. Both hook up and hook down positions were analyzed. The vertical frequency of the fixed 
trolley with the proposed transportation cask and lifting device on hook is close to the frequency region of 
the 5% damped response spectrum peak acceleration. Thus, the hook up and hook down positions with 
the proposed 150-ton transportation cask and lifting device on hook are the controlling design conditions. 


Slack Rope Condition 


Slack rope conditions were examined by comparing the static deflection with the dynamic upward 
displacement at the hook location as shown in the following: 


Hook Position 
Static 


Deflection (in) 
Seismic Upward 


Displacement (in) 
Hook Up 0.33 0.20 
Hook Down 0.91 0.38 
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Since the seismic displacements are less than the static deflection, there is no slack rope condition under 
seismic events in either the hook up or hook down position. 


Member Design 


Member design was based on CMAA 70. Load case 1 was conservatively increased to 1.15(DL+LL) to 
simplify the analysis. The acceptance criteria for this load case per CMAA 70 is Stress Level 1. Load 
case 3.2 was conservatively increased 1.25(DL+LL) to simplify the analysis, and Stress Level 1 instead of 
Stress Level 3 was conservatively applied to this load case. The acceptance criteria for the load case 3.1 
(DL+LL+DE) was 1.5 times the CMAA 70 Stress Level 1. 


Summary of Results 


A summary of results is presented in Table 4.7-25, in the form of stress ratios for shear and interaction 
ratios for combined axial force and bending for the primary members in the load path under the governing 
load cases. The design is shown to be in compliance with CMAA 70 for all load combinations as defined 
above under bounding loading conditions. Since this SAR is only licensing the CRC for lifting the 
Transfer Cask, which is lighter by a factor of approximately 5, significant additional margins are available 
for all members. 


4.7.3.3.5 Cask Trolley 


Design Bases 


The design of the cask trolley considered the following conditions: 


• Tornado – While the cask trolley is inside the CRA, the SNF is protected by the Transfer Cask. 
When the cask trolley is inside the Transfer Tunnel, the cask lid bolts and lid will be removed. 
The outer door of the Transfer Tunnel will be closed during this evolution, thereby protecting the 
cask trolley and transfer cask from the effects of the design basis tornado. The outer Transfer 
Tunnel door is designed to withstand tornado missiles, wind, and differential pressure. Therefore, 
the cask trolley was not specifically designed for tornado wind or missiles. 


• Earthquake – The cask trolley was designed for seismic loads using an equivalent static method 
as described in Section 3.2.3.2.1. The cask trolley and supporting rails are designed to resist the 
design earthquake. The acceptance criteria for the cask trolley is to remain locked in position 
during and following a seismic event while the cask trolley is parked at the cask port below the 
FPA inside the Transfer Tunnel. The cask trolley is also designed to remain on its rails during and 
following a seismic event at any intermediate position during travel between transfer locations. 
The cask trolley control system is de-energized during and following a seismic event by 
activation of the seismic switch and fail safe on loss of electrical supply. 


• Fire or Explosion – The cask trolley meets the requirements of NFPA-70, National Electric 
Code to minimize the likelihood and effect of fires, which might occur from faulty electrical 
cabling and equipment. Credible fires or explosions in the CRA or Transfer Tunnel that may have 
an adverse effect on the cask trolley are discussed in Section 4.3.8. 


• Flood – The lower section of the cask trolley may be subject to flooding. However, the cask 
trolley supports the bottom of the Transfer Cask approximately 8 feet above the floor of the 
Transfer Tunnel. Because the maximum flood elevation is also approximately 8 feet above the 
Transfer Tunnel floor, only the very bottom of the Transfer Cask would be submerged. The top of 
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the cask would be significantly above the flood elevation, precluding water from entering the 
cask even if the lid of the cask were removed. Submerging the lower portion of the cask trolley 
could result in failure of the drive motor, however, the load would be securely supported. Based 
on the nature of the design basis flood and the site location, dynamic forces due to wave action or 
moving water were not included in the design of the cask trolley. 


• Lightning – The cask trolley is located inside the CRA or transfer tunnel and therefore is not 
subjected to direct lightning strikes. These structures are designed with lightning arrestors. 


• Shielding Considerations – The cask trolley transports shielded Transfer Casks and does not 
have additional shielding. The stainless steel cask adapter that is installed on top of the transfer 
cask provides supplemental shielding during SNF removal from the cask. 


• Temperature Effects – The cask trolley is designed to operate within a temperature range of 
32°F to 105°F. The cask trolley will not be used to transfer SNF if the temperature is outside this 
range. The minimum and maximum off-normal temperature conditions could occur when the 
cask trolley is in the CRA. The minimum and maximum off-normal temperature in the CRA is 
-26°F, and 149°F. The minimum temperature of -26°F may occur if the heating system in the 
cask receipt building fails to operate when the outside ambient temperature is extremely low. The 
higher off-normal maximum temperature is due to the heat contributions of the lighting and 
equipment inside the CRA assuming the ventilation system failed. In the unlikely event that these 
conditions occur, lighting and equipment would be secured and cask-handling operations would 
be stopped well before these limits are approached. 


• Retrieval Considerations – The cask trolley is designed to house the self-shielded Transfer 
Cask. The shielding on this cask permits entrance into the Transfer Tunnel for recovery/repair of 
the cask trolley during normal retrieval situations when the cask lid is still in place on the cask. 
Off-normal retrieval situations occur when SNF is being transferred into the FPA and a trolley 
failure occurs (wheel, axle or motor failure). In this condition, the SNF must be moved into the 
FPA or lowered back into the cask and the cask lid replaced. With the SNF in the FPA or cask, 
the cask trolley can be manually recovered. 


• Decontamination Considerations – Paint on the cask trolley meets the requirements of ASTM 
D 4082, Standard Test Method for Effects of Gamma Radiation on Coatings for Use in Light 
Water Nuclear Power Plants for radiation resistance and is decontaminable. 


• Protective Coatings – The cask trolley coating is Service Level II in accordance with ASTM 
D5144-00, Standard Guide for Use of Protective Coating Standards in Nuclear Power Plants At 
a minimum, the coating consists of two finish coats of epoxy paint over a single coat of primer. 
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Design Loads 


The following loads were included in the design of the cask trolley: 


Loads Term Description of Load 
Trolley Loads TL Includes cask trolley weight and fixed equipment supported by the trolley. 


TL = 42 Kips 
Lifted Load LL Working load includes weight of cask assembly and internals. 


LL = 68 Kips 
Inertia Force from 
Drives 


IFD 0.025(TL+LL) 


Dead Load Factor DLF 1.1 
Hoist Load Factor HLF 0.15 
Force due to skewing SK 0.05(TL+LL) 
Collision Force CF Per CMAA70 3.3.2.1.3.2 
Test Load -- Static not to exceed 125 percent of the cask load on cask trolley in a fixed 


position. 
Dynamic 100 percent of cask load on cask trolley moving at speeds and 
motions that the system is designed for. 


Axle or Wheel Break AWB Maximum 1” drop 
Seismic Load DE See Below 
Flood Load FL Uplift of the cask due to hydrostatic loading 


Additional off-normal loading conditions were evaluated as follows: 


• 1 inch drop due to an axle break will not cause the cask and cask trolley to tip over 


• cask trolley breakdown due to bearing seizure, drive failure, overload, distortion, and/or corrosion 


• cask trolley stoppage due to overload, corrosion, misalignment, or structural failure of the rails 


• the CRC lowers a cask onto the cask trolley at maximum main hoisting speed  


• suspended cask impacted laterally by the cask trolley as it is traveling at creep speed under the 
CRC 


• cask trolley, with a full cask in position, impacts an adjacent structure while traveling at the 
maximum travel speed 


For analysis, the cask trolley is considered equivalent to a service Class D (Heavy), load Class L4 device 
as defined by CMAA-70. 
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Cask Trolley Load Combinations 


The following load combinations were included in the design of the cask trolley: 


Load Case Description Terms 
1 Trolley in regular use under principal loading  1.1 (TL) + 1.15 (LL) + IFD 
2 Trolley in regular use under principal and 


additional loading  
1.1 (TL) + 1.15 (LL) + IFD + SK 


3 Extraordinary loads See 3.1 to 3.6 below 
3.1 Trolley in collision TL + LL + CF 
3.2 Loaded trolley in locked position and subjected 


to Flood Load 
TL+ LL + FL 


3.3 Loaded trolley with axle or wheel break TL+ LL+AWB 
3.4 Loaded trolley with design earthquake TL + LL + IFD + SK + DE 
3.5 Static test load, 125 percent of the cask load on 


cask trolley in a fixed position 
TL + 1.25 (LL) 


3.6 Dynamic test load, 100 percent of the cask load 
on cask trolley moving at speeds and motions 
for which the system is designed 


1.1(TL) + LL + IFD + SK 


Structural Analysis 


The cask trolley is design as a metal frame on top of trolley trucks mounted on four rail wheels. The 
structure consists of continuous vertical members, horizontal framing members forming three platform 
levels, and bracing members in vertical and horizontal planes. The mathematical model used in the static 
analysis is shown in Figure 4.7-75. 


Boundary conditions at the base of the trolley consist of the following: 


• Hold-downs resist vertical uplift (tension) loads, and lateral loads in the longitudinal direction 
(parallel to the rails). Hold-downs can resist lateral loads only when they are engaged in tension. 


• Wheels resist vertical downward (compression) loads, and lateral loads as listed below. Wheels 
can only resist lateral loads when they are in contact (compression) with the rails. 


• The locking pin, when engaged, can only resist loads in the longitudinal direction (parallel to the 
rails). 


• If the design earthquake event occurs when the trolley is not locked into position, the trolley will 
potentially slide longitudinally (parallel to the rails) before the maximum seismic force is 
otherwise obtained. The seismic load for this case, in the longitudinal direction, is limited to the 
inertia force caused by friction between the trolley wheels and the rails. Restraint conditions are 
summarized below: 
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Restraint Condition 


Translation Rotation 


Node 
X 


(across rail) 
Y 


(along rail) 
Z 


(vertical) Theta X Theta Y Theta Z 
A (front right wheel) Fixed Fixed Fixed 
B (back right wheel) Fixed Free Fixed 
C  (front left wheel) Free Fixed Fixed 
D (back right wheel) Free Free Fixed 


All nodes are considered free to 
rotate 


Trolley vertical and lateral loads are represented by 12 node loads, one at each corner of each platform 
level. The cask weight is applied as a concentrated load at the cask support floor level. The vertical cask 
seismic load is an equivalent concentrated load applied at either the top or bottom of the cask depending 
upon the direction of seismic motion. Lateral cask seismic loads are modeled as two concentrated loads 
applied at the top and bottom of the cask. Load cases are analyzed using RISA3D. 


A linear elastic, equivalent static method is used for seismic analysis. Equivalent static seismic forces are 
calculated by multiplying the weight of the trolley and lifted loads by a factor of 1.5 and by using the 
design response spectra acceleration maxima for 4 percent critical damping. Results obtained by this 
method are conservative, compared to the dynamic response spectra method, for which each acceleration 
peak is reached at a different frequency. The equivalent static method is based on the simplification that 
the trolley behaves as a rigid unit and that its peak acceleration is the maxima of the input spectra. With 
such simplification 100 percent of the mass is subject to the peak spectral acceleration. Loading 
conditions are summarized below: 


Cask Trolley Loading Conditions 


Loading Conditions Structural Response 
Static Load Cases 
Cask Load and Trolley Load SR1 
Dynamic Load Cases 


Horizontal direction earthquake 
Traverse to rails SR3 
Longitudinal to rails SR4 


Vertical direction earthquake 
Cask Load on Cask Trolley SR6 


Structural responses are analyzed for each direction of the seismic force: 


• Perpendicular (transverse) to rails: SR3+ and SR3- 


• Parallel (longitudinal) to rails: SR4+ and SR4- 


• Vertical: SR6+(up) and SR6-(down) 
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Maximum values of structural response of the three- directional components of earthquake motion added 
with the static load response are given by: 


• SR22 = SR1 + (SR3² +SR4² + SR6²)½ 


Structural response combinations SR22+ and SR22- are calculated for restraint reactions, member forces 
and nodal displacements (at the top level only). 


• Two combinations (SR22+ and SR22-) are used to combine only the structural responses that 
create internal forces/displacements with the same sign/direction. 


• After the internal forces are computed, the maxima of the absolute values are used to calculate 
member stresses, except that SR22- for axial forces is used for the design tension force, and 
SR22+ is used for the design compression force for a particular member. Taking the maximum of 
the absolute values of bending and shear for SR22+ and SR22- generates an envelope of member 
forces. 


The trolley model is analyzed for two cases: 


• When the locking pin is engaged 


• When the trolley is free to move along the length of the rail (this case does not control the design 
of the trolley members) 


Summary of Results 


Member stresses and unity checks for shear, bending, axial tension and axial compression were 
calculated. An envelope of member forces was generated by taking the maximum of the absolute values 
of the design parameters for the load combinations for a particular case. The Load Case 3.4 stresses 
(loaded trolley with design earthquake) control for the design of the members. 


Members subject to combined axial compression and bending are proportioned to satisfy the interaction 
requirements in the form of unity checks given in CMAA 70, Section 3.4.6.3. Direct comparison of 
individual stresses with allowable stresses is not applicable under the combined stress condition. To 
maintain uniformity of the summary of results, only the final unity check results (ratios) are provided for 
all stress conditions. 


Table 4.7-26 provides a summary of the analysis results of the cask trolley including unity checks for 
representative trolley members in the load path under the governing load case. The design is found to be 
compliant with code requirements. 


4.7.3.3.6 Canister Trolley 


Design Bases 


The design of the canister trolley considered the following conditions: 


• Tornado – The canister trolley operates within the Transfer Tunnel. The Transfer Tunnel and 
outer door of the Transfer Tunnel are designed to withstand tornado missiles, wind, and 
differential pressure. Therefore, the canister trolley will not be subjected to tornado related loads. 
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• Earthquake – The canister trolley is designed for seismic loads using an equivalent static method 
as described in Section 3.2.3.2.1. The canister trolley is designed to withstand the design 
earthquake and to prevent uncontrolled movement or tip-over of the canister and canister cask. 
Seismic restraints are provided on the trolley to prevent derailment. The canister trolley is 
designed to remain locked in position during and following a seismic event when the canister 
trolley is parked at each SNF transfer location (e.g., canister port and Storage Area load/unload 
port) as well as the CCA port to preclude potential damage to the SNF of the ISF canister. The 
canister trolley control system is de-energized during and following a seismic event, and will fail 
safe on loss of electrical supply. 


• Fire or Explosion – The canister trolley meets the requirements of NFPA-70, National Electric 
Code to protect it from the likelihood and effect of fires that might occur from faulty electrical 
equipment. The canister trolley operates inside the Transfer Tunnel. A fire hazards analysis was 
performed to evaluate potential fires that could affect SNF handling operations using the canister 
trolley. Credible fires or explosions in the Transfer Tunnel that may have an adverse effect on the 
canister trolley are discussed in Section 4.3.8. 


• Flood – The lower section of the canister trolley may be subject to flooding. However, the 
canister trolley supports the bottom of the canister cask approximately 8 feet above the floor of 
the Transfer Tunnel. Because the maximum flood elevation is also approximately 8 feet above the 
Transfer Tunnel floor, only the very bottom of the canister cask would be submerged. Since the 
lower portion of the canister cask is water tight and the top of the canister cask is significantly 
above flood elevation, the SNF is protected from flood water entering the open ISF canister. 
Submerging the lower portion of the canister trolley could result in failure of the drive motor; 
however, the ISF canister would be securely supported. Based on the nature of the design basis 
flood and the site location, dynamic forces due to wave action or moving water were not 
considered in the design of the canister trolley. 


• Lightning – The canister trolley operates inside the Transfer Tunnel and will not be subject to 
direct lightning strikes. 


• Shielding Considerations – The shielding cask of the canister trolley is provided to minimize 
operator exposure during canister closure operations and canister trolley recovery and 
maintenance activities inside the Transfer Tunnel. The canister trolley has three primary 
operating positions; CCA port, ISF canister port (below the FPA), and Storage Area load/unload 
port. At each of these positions the on-board jacking system will jack the nose of the shielded 
cask into a recess below the floor of each of the operational area. This alleviates the radiation 
streaming that would occur if the SNF transfers were done in an unshielded position. The wall 
thickness of the canister cask is approximately 9 inches of steel. The trolley shielding is designed 
to reduce maximum exterior exposure rates to less than 100 mR/hr for recovery/repair operations. 
ITS components located on the canister trolley or which may come into close proximity to the 
cask are either radiation tolerant or provided with suitable shielding to ensure adequate reliability 
of the canister trolley and the control system. 


• Retrieval Considerations – The canister trolley is an assembly of two major subassemblies, the 
trolley and the shielded cask (cask) (see section 4.7.3.2.2 for a more detailed description). The 
cask provides a shielded housing for the ISF canisters. The shielding is designed to allow operator 
access to the canister trolley when a SNF loaded canister is inside the cask, therefore allowing 
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manual recovery during normal retrieval operations. The off-normal situation postulated is a 
trolley failure (wheel, axle, or motor failure) during SNF transfer. The design intent for this off 
normal retrieval condition is manual intervention to repair the failed component. This is viable 
because the potential drop of the canister trolley is limited by pads at the wheels and by the 
seismic rail restraints. These features will ensure that the ‘nose’ of the canister will remain within 
the shielding provided by the recess in the floor of each of the operational areas. 


• Decontamination Considerations – Paint meets the requirements of ASTM D 4082, Standard 
Test Method for Effects of Gamma Radiation on Coatings for Use in Light Water Nuclear Power 
Plants for radiation resistance and is decontaminable. 


• Protective Coatings – The canister trolley coating is Service Level II in accordance with ASTM 
D5144-00, Standard Guide for Use of Protective Coating Standards in Nuclear Power Plants. At 
a minimum, the coating consists of two finish coats of epoxy paint over a single coat of primer.  


Design Loads 


The following loads were included in the design of the canister trolley: 


Canister Trolley Design Loads 


Loads Term Description of Load 
Trolley Loads TL Includes canister trolley weight and fixed equipment supported by 


the trolley. TL = 62 Kips 
Lifted Load LL Working load includes weight of canister assembly and internals. 


LL = 86 Kips 
Inertia Force from Drives IFD 0.025(TL+LL) 
Dead Load Factor DLF 1.1 
Hoist Load Factor HLF 0.15 
Force due to skewing SK 0.05(TL+LL) 
Collision Force CF Per CMAA70 3.3.2.1.3.2 
Test Load ---- CMAA test load – 3.3.2.4.3.3 


Static not to exceed 125 percent of the cask load on cask trolley in a 
fixed position. 
Dynamic 100 percent of cask load on cask trolley moving at speeds 
and motions that the system is designed for. 


Axle or Wheel Break AWB Maximum 1” drop per CMAA 70 3.9.2 
Seismic Load DE See below 
Flood Load FL The design will prevent the uplift of the cask due to hydrostatic 


loading 
 


• Normal Loading Conditions – The maximum total canister weight (canister plus contents) the 
canister trolley will carry is 10,000 lb. The FHM will lower a fully loaded fuel basket at normal 
hoist operating speed into the canister. The canister trolley is considered equivalent to the trolley 
for a Class D (Heavy Service) Crane in accordance with CMAA 70, Section 70-2 based on 
anticipated loadings and operational cycles. 
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• Off-Normal Loading Conditions – The canister trolley is designed to ensure that the failure of a 
single component will not result in the loss of capability of the canister jacking system to 
maintain the canister and canister cask in position. Manual recovery features are included in the 
design to ensure that a failed jacking system can safely lower a canister into the transfer position 
for recovery and replacement of the failed component. The canister trolley is designed with 
appropriate restraints to prevent movement or tip over of the canister cask and canister while on 
the canister trolley. Off-normal conditions considered in the design include: 


o canister trolley breakdown due to bearing seizure, drive failure, overload, distortion, 
and/or corrosion 


o canister trolley stoppage due to overload, corrosion, misalignment, or structural failure of 
the rails 


o potential damage to canister cask 


o FHM lowers a fully loaded canister into the canister cask at a speed of 5 ft/min 


o canister trolley, with a fully loaded canister in position, travels with the maximum travel 
speed and impacts an adjacent structure or equipment 


o axle or wheel break 


o manual access for radiological decontamination of all potentially contaminated surfaces 


Load Combinations 


The following load combinations were used in the design of the canister trolley: 


Canister Trolley Load Combinations 


Load Case Description Terms 
1 Trolley in regular use under principal loading  1.1 (TL) + 1.15 (LL) + IFD  
2 Trolley in regular use under principal and additional 


loading  
1.1 (TL) + 1.15 (LL) + IFD + SK 


3 Extraordinary loads See 3.1 to 3.6 below 
3.1 Trolley in collision TL + LL + CF 
3.2 Loaded trolley in locked position and subjected to Flood 


Load 
TL+ LL + FL 


3.3 Loaded trolley with axle or wheel break TL+LL+AWB 
3.4 Loaded trolley with design earthquake TL +LL + IFD + SK + DE 
3.5 Static test load, 125 percent of the canister load on 


canister trolley in a fixed position 
TL + 1.25 (LL) 


3.6 Dynamic test load, 100 percent of the canister load on 
canister trolley moving at speeds and motions for which 
the system is designed 


1.1(TL) + LL + IFD + SK 


Structural Analysis 


The canister trolley is a metal frame on top of trolley trucks mounted on four wheels. The structure 
consists of continuous vertical members, horizontal framing members forming three platform levels, and 
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bracing members in vertical and horizontal planes. The mathematical model used in the static analysis is 
shown in Figure 4.7-76. 


Boundary conditions at the base of the trolley consist of the following: 


• Hold-downs resist vertical uplift (tension) loads, and lateral loads in the longitudinal direction 
(parallel to the rails). Hold-downs can resist lateral loads only when they are engaged in tension. 


• Wheels resist vertical downward (compression) loads, and lateral loads as listed below. Wheels 
can only resist lateral loads when they are in contact (compression) with the rails. 


• The locking pin, when engaged, can only resist loads in the longitudinal direction (parallel to the 
rails). 


• If the design earthquake event occurs when the trolley is not locked into position, the trolley will 
potentially slide longitudinally (parallel to the rails) before the maximum seismic force is 
otherwise obtained. The seismic load for this case, in the longitudinal direction, is limited to the 
inertia force caused by friction between the trolley wheels and the rails. 


The restraint conditions used for the canister trolley analysis are summarized below. 


Restraint Condition 


Translation Rotation 


Node 
X 


(across rail) 
Y 


(along rail) 
Z 


(vertical) Theta X Theta Y Theta Z 
A (front right wheel) Fixed Fixed Fixed 
B (back right wheel) Fixed Free Fixed 
C  (front left wheel) Free Fixed Fixed 
D (back right wheel) Free Free Fixed 


All nodes are considered  
free to rotate 


Trolley vertical and lateral loads are applied to the model as concentrated loads at the joints. Load cases 
are analyzed using RISA3D, a three-dimensional analysis program. 


A linear elastic, equivalent static method was used for seismic analysis. Equivalent static seismic forces 
are calculated by multiplying the weight of the trolley and lifted loads by a factor of 1.5 and by using the 
design response spectra acceleration maxima for 4 percent critical damping. Results obtained by this 
method are conservative, compared to the dynamic response spectra method, for which each acceleration 
peak is reached at a different frequency. The equivalent static method is based on the simplification that 
the trolley behaves as a rigid unit and that its peak acceleration is the maxima of the input spectra. With 
such simplification 100 percent of the mass is subject to the peak spectral acceleration. Loading 
conditions are summarized below: 
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Canister Trolley Loading Conditions for Seismic Analysis 


Loading Conditions Structural Response 
Static Load Cases 
Cask load and trolley load SR1 
Dynamic Load Cases 


Horizontal direction earthquake 
Traverse to rails SR3 
Longitudinal to rails SR4 


Vertical direction earthquake 
Cask load on cask trolley SR6 


Structural responses are analyzed for each direction of the seismic force: 


• Perpendicular (transverse) to rails: SR3+ and SR3- 


• Parallel (longitudinal) to rails:  SR4+ and SR4- 


• Vertical:    SR6+(up) and SR6-(down) 


Maximum values of structural response of the three- directional components of earthquake motion added 
with the static load response are given by: 


• SR22 = SR1 + (SR3² +SR4² + SR6²)½ 


Structural response combinations SR22+ and SR22- are calculated for restraint reactions, member forces 
and nodal displacements (at the top level only). 


• Two combinations (SR22+ and SR22-) are used to combine only the structural responses that create 
internal forces/displacements with the same sign/direction. 


• After the internal forces are computed, the maxima of the absolute values are used to calculate 
member stresses, except that SR22- for axial forces is used for the design tension force, and SR22+ 
is used for the design compression force for a particular member. Taking the maximum of the 
absolute values of bending and shear for SR22+ and SR22- generates an envelope of member 
forces. 


The trolley model is analyzed for two cases: 


• When the locking pin is engaged 


• When the trolley is free to move along the length of the rail (this case does not control the design 
of the trolley members) 


Summary of Results 


Member stresses and unity checks for shear, bending, axial tension and axial compression were 
calculated. An envelope of member forces was generated by taking the maximum of the absolute values 
of the design parameters for the load combinations for a particular case. The Load Case 3.4 stresses 
loaded trolley with design earthquake) control for the design of all members. 
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Members subject to combined axial compression and bending are proportioned to satisfy the interaction 
requirements in the form of unity checks given in CMAA 70, Section 3.4.6.3. Direct comparison of 
individual stresses with allowable stresses is not applicable under the combined stress condition. To 
maintain uniformity of the summary of results, only the final unity check results (ratios) are provided for 
all stress conditions. 


Table 4.7-27 provides a summary of the analysis results for the canister trolley, including unity checks for 
representative trolley members in the load path under the governing load case. The design is found to be 
compliant with code requirements. 


4.7.3.3.7 Fuel Handling Machine 


Design Bases 


The design of the FHM considered the following conditions: 


• Tornado – The FHM operates within the FPA, which has thick reinforced concrete walls and 
roof designed to withstand design basis tornado winds, differential pressure and missiles. The 
FPA shield windows have also been designed to withstand tornado wind and differential pressure, 
and have been evaluated to withstand tornado missile impact. Therefore, FHM was not designed 
for tornado loadings. 


• Earthquake – The FHM and associated support structure and rails are designed to withstand 
seismic loads in both the unloaded and loaded conditions. The FHM bridge and trolley are fitted 
with seismic restraints, which capture the rails to resist vertical motion associated with uplift and 
horizontal motion associated with cross rail horizontal sliding and to prevent the bridge and 
trolley from leaving their respective rails. Brakes inhibit movement of the bridge and trolley 
along their respective rails. The FHM bridge, trolley, hoist, and lifting devices will remain in 
position and continue to support the critical load during and after a seismic event. The FHM 
control system will be de-energized by the seismic switch during and following a seismic event 
and will fail safe on loss of electrical supply. 


• Fire or Explosion – The FHM system is designed to meet the requirements of the National Fire 
Protection Association NFPA-70, National Electric Code to minimize the likelihood and effect of 
any fires which might occur from faulty electrical equipment. The FHM operates inside the FPA 
and the FHM Maintenance Area. These areas have smoke detectors and limited quantities of 
combustible materials. A fire hazards analysis was performed to evaluate fires that could occur 
inside the FPA due to lubricants associated with the FHM. Credible fires or explosions in the 
FPA that may have an adverse effect on the FHM or SNF handling operations are discussed in 
Section 4.3.8. 


• Flood – This event would not affect the FHM since it operates on rails well above the PMF. 
Therefore, the FHM design does not consider flood loading or submergence. 


• Lightning – The FHM is located inside of the FPA, which is provided with a lightning arrestor 
system designed in accordance with NFPA 780, Lightning Protection Code. In addition the FHM 
is also grounded in accordance with electrical design requirements. The FHM is not subjected to 
direct lightning strikes. 
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• Shielding Considerations – The FHM does not provide a shielding function. The FHM operates 
in an extremely high radiation field and was designed to withstand these levels of radiation over 
the life of the facility. 


• Temperature Effects – Normal temperature conditions in the FPA are between 50°F and 90°F. 
The minimum and maximum off-normal temperature inside the FPA is -26°F and 156°F 
respectively. The crane will not be operated when FPA temperatures are below 32°F or above 
156°F. 


• Retrieval Considerations – The FHM is designed to be retrievable. Individual motors and 
reducers power each of the four bridge wheels. For bridge retrieval it is assumed that one of the 
wheels is locked and skidding against the runway rail. The remaining three motors are capable of 
moving the FHM and this activity does not exceed CMAA 70 allowable stress levels. 


• Decontamination Considerations – The paint on the FHM meets the requirements of ASTM D 
4082, Standard Test Method for Effects of Gamma Radiation on Coatings for Use in Light Water 
Nuclear Power Plants for radiation resistance. 


• Protective Coatings – The FHM coatings are Service Level II in accordance with ASTM 
D5144-00, Standard Guide for Use of Protective Coating Standards in Nuclear Power Plants. At 
a minimum, the coating consists of two finish coats of epoxy paint over a single coat of primer. 
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Design Loads 


The following loads were included in the design of the FHM. 


FHM Design Loads 


Loads Term Description of Load 
Dead Loads DL Includes the weight of effective parts of the bridge structure, the 


machinery parts, and the fixed equipment supported by the 
structure. 


Trolley Loads TL Includes trolley weight and equipment attached to the trolley 
Lifted Load LL Lifted Load (LL): Working load and the weight of the lifting devices 


used for handling and holding the working load such as the load 
block, lifting beam, and other supplemental devices. This is also the 
maximum critical load (MCL) and the design rated load (DRL). 


Inertia Force from Drives IFD 0.025(TL+LL); 2.5% of the vertical load applied to the lateral load. 
These loads are applied to the FHM in both longitudinal and 
transverse directions based on the mass distribution of the bridge 
and trolley. 


Dead Load Factor DLF 1.1 
Hoist Load Factor HLF 0.15 
Skewing Loads SK 0.05(TL+LL); Taken from the CMAA chart, 5% of the vertical load is 


applied to wheels on one end truck of both the bridge and trolley as 
the skewing force. 


Collision Force CF The force generated during impact with an end stop at 40% of the 
rated speed. 


Recovery Load LAR Loads associated with the recovery of the bridge upon failure of one 
motor. This load is defined as the skidding of one wheel while 
driving with only three wheels. 


Test Load ---- 125 percent of rated load 
Axle or Wheel Break AWB Loads associated with the impact of the bridge or trolley on the rails 


after the failure of a wheel or axle. 
Seismic Load DE Loads associated with the design earthquake. 


• Normal Loading Conditions – The FHM hoist is used to lift and move the various SNF types 
and a variety of other components within the FPA. The Maximum Critical Load (MCL) rating is 
established at 10,000 pounds.  


• Off-Normal Loading Conditions – The FHM is designed to ensure that off-normal conditions 
associated with maximum or minimum analyzed ambient temperature excursions will not result 
in a loss of function. 


• Special Loading Conditions – A load cell is provided on the FHM hoist. The load cell is 
designed to accommodate a minimum of 125 percent of the MCL static load test. The load cell is 
used to prevent the hoist overloading by an interlock that trips the hoist if the MCL is exceeded 
and is also used to weigh a ISF canister basket assemblies loaded with SNF before it is set into 
the ISF canister.  
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Load Combinations 


The following load combinations were used in the design of the FHM. 


FHM Load Combinations 


Load Case Description Terms 
1 Crane in normal service under principal 


loading  
1.1(DL) + 1.1(TL) + 1.15(LL) + IFD 


2 Crane in regular use under principal and 
additional loading  


1.1(DL) + 1.1(TL) + 1.15(LL) + IFD + SK 


3 Extraordinary loads See 3.1 to 3.6 below 
3.1 Crane in collision DL + TL + LL + CF 
3.2 Loaded crane with axle or wheel break DL + TL+ LL + AWB 
3.3 Loaded crane with design earthquake DL + TL + LL + IFD + SK + DE 
3.4 Static load test 125% of live load with FHM in 


fixed position 
DL + TL + 1.25(LL) 


3.5 Dynamic test load 1.1(DL) + 1.1(TL) + LL + IFD + SK 
3.6 Loaded crane subjected to loads associated 


with recovery 
DL + TL + LL + LAR 


Structural Analysis 


A finite element model was used for the static load conditions and the modal seismic analysis. The finite 
element analysis provides forces and moments at the various connections in addition to member loads and 
stresses. Stresses are calculated on each member and each end connection.  


Analysis was performed with the trolley at the mid-span and end of travel positions. The highest bridge 
beam stress will occur with the trolley at mid-span and the highest wheel and end truck loading will occur 
with the trolley at end of travel. The trolley located at the ¼ span location is enveloped by the mid and 
end trolley positions. 


The live load includes the PMS and main hoist maximum capacities, treated as point loads at their 
respective positions. The main hoist frame was treated as a distributed load across the trolley. The PMS 
mast was treated as a lumped mass on the carriage. The bridge beams and end trucks were distributed 
loads. The trolley drive, trolley wheels, bridge drives and other components were lumped masses at their 
center of gravity locations. 


The 2.5 percent acceleration was applied to the centers of gravity except the main hoist live load as a 
lateral load. The 2.5 percent acceleration factor is applied to the PMS carriage and arm in two directions 
to simulate bridge and trolley accelerations. 


Lateral guide rollers are used to limit skewing on the bridge end trucks. Forces will act through these 
rollers rather than through the wheels. An additional 5 percent of the live and dead trolley loads including 
the main hoist load were applied to both bridge guide rollers on one end truck in opposite directions to 
simulate skewing. An additional 5 percent of the live and dead trolley loads including the main hoist load 
were applied to both trolley guide rollers. 
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The finite element model provides beam stresses and loading at the major connections. The stresses in 
brackets, connections, bolts, wheel axles etc, were manually calculated from the connection loads. The 
main hoist components were manually analyzed. Connections in the load path are classified ITS. 


The manipulator arm, mast and hoist were modeled only to input their weights and centers of gravity. The 
manipulator hoist supports the load by a wire rope and the mast provides only lateral guidance. In this 
case the hoist, hoist mounting and wire rope were manually analyzed for the vertical loading. The 
2.5 percent lateral load on the mast is manually analyzed. The mast connection to the trolley loading was 
included in the finite element model to apply reaction loads on the trolley. 


Finite Element Model 


A detailed finite element model of the FHM included major components of the bridge and trolley 
structures. The steel tubes used for the main beams and end trunks were modeled with plate elements. 
Non-structural portions were modeled with stiff elements and concentrated masses. Details of the model 
are discussed in the following paragraphs. 


Finite Element Program. The finite element program used for the analysis of the FHM was 
COSMOS/M. The program was written for linear and non-linear analysis of complex structures.  


COSMOS/M has comprehensive modeling tools, graphics for pre and post-processing information. 
Numerical results can be combined for each load case and output for further post-processing and 
comparison to allowable design stresses. 


Bridge Model. The bridge portion of the FHM, presented in Figure 4.7-77, was composed of 
approximately 3700 elements. The steel tube sections for the main beams and end trucks were modeled 
using thick-shell elements (SHELL4T). Each element was approximately 4”x 4” and used the thickness of 
the tube or plate for that portion of the structure. The SHELL4T element was a 4-node quadrilateral thick 
shell element with membrane and bending capabilities. Six degrees of freedom for each node (three 
translation and three rotation) were considered in the analysis. The model also included endplates on the 
beams, plates in the wheel assemblies and the bridge rails. 


The connections between the beams, end trucks and wheel assemblies included some beam elements 
(BEAM3D) to aid in the design of the connection details. The BEAM3D elements were three dimensional 
beam elements with six degrees of freedom at each end. Motors, gearboxes wheels and axles were 
modeled with stiff beam elements and lumped masses to account for weights and geometry of these 
components. The lumped masses were modeled with MASS elements that allow concentrated mass and 
rotational inertia to be applied to a node. 


Trolley Model. The trolley structure, presented in Figure 4.7-78, was modeled in the same way as the 
bridge. Approximately 2300 elements were used in the trolley. Thick shell elements were used for the 
steel tube sections and plates in the trolley structure. The plates in the wheel assemblies and connections 
were modeled with shell and beam elements. 


Some of the components of the trolley were modeled in less detail than the main structural components. 
The 5-ton hoist was modeled with stiff 3-D beam elements to approximate the center of gravity of the 
hoist drums, shafts, hoist drives and brakes. The weights of each of these components were represented 
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by mass components at the nodes. The hoist cable was modeled with a beam element that has the axial 
stiffness of the cable. The hook block and main hoist load were modeled as lumped mass elements. 


The PMS mast and arm were included as 3-D beam elements. The section properties of the beam 
elements vary for each section of the telescoping mast. Lumped mass elements were included to account 
for the PMS load and the weights of some components. The connection of the PMS mast to the trolley 
structure was represented by stiff beam elements and the hoist weight is concentrated at a node using a 
mass element. 


Boundary Conditions. Boundary conditions varied as required for the load conditions being considered. 
The finite element model had restraints at the contact surface of the wheels and cam followers as 
necessary to represent the supports of the structure. Member shear and rotational releases were located as 
required so that the model is not over constrained. Reaction forces at the boundary conditions were 
checked for each load condition and compared to the applied loads. 


Static Analysis. The finite element model was analyzed for each of the static load cases using the static 
analysis features of COSMOS/M. The analysis results in displacements at each node and stresses in each 
element for the individual load conditions. Combined stresses for each load combination were analyzed 
and individual elements were checked against the allowable stresses for that condition. 


Earthquake Analysis. The earthquake analysis of the FHM was completed by first solving the finite 
element model for frequencies and mode shapes. 40 modes were extracted. For the case with the trolley at 
midspan and the hoist under full loaded, frequencies ranged from 2.38 Hz to 60.15 Hz. The appropriate 
response spectrum curves were then applied and the resulting stresses were compared to the allowable 
stresses for each element. 


Stress Evaluation. The principal stresses and maximum shear stress were computed along with the 
maximum stress by the CMAA method described in section 3.3.4.1 for the top and bottom fiber of each 
plate element. The maximum stress levels were then obtained for plate element in each plate element 
group by finding the maximum absolute stress value of the principal stresses, CMAA 3.3.4.1 or the sigma 
x-x or sigma y-y. Each element was also checked for shear. 


Summary of Results 


The maximum stress in the FHM is experienced in Case 3.6A, Bridge Recovery, Plate Shear Stresses with 
the trolley at end span. Allowable stresses in this condition are per CMAA 70 paragraph 3.4.3 Stress 
Level 3. Plate stress ratios for the FHM are below 1.0 and thus are acceptable. The summary of the 
calculated stresses for Case 3.6, Bridge Recovery, Plate Shear Stresses with the trolley at end span, are 
listed in Table 4.7-28. Additionally, the summary of the calculated stresses for Case 3.3, Loaded Crane 
with design earthquake, Plate Shear Stresses with the trolley at end span, are listed in Table 4.7-29. The 
maximum stress on the FHM is experienced in case 3.6A, and Case 3.3 is shown for comparison. The 
design is found to be compliant with code requirements. 
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4.7.3.3.8 Canister Handling Machine 


Design Bases 


The design of the CHM, and the Storage Area interfaces incorporate engineered features and safety 
provisions that address the following conditions: 


• Tornado – The CHM is design to withstand the effects of tornado winds and differential 
pressure. The tornado wind and differential pressure is evaluated in combination with other loads. 
Credit is taken for the seismic restraints for holding the CHM in position on the rails. The 
connections holding the CHM shielding have been evaluated to ensure that there is no significant 
loss of shielding due to tornado wind loads. Loss of the supplemental Jabroc shielding is 
considered permissible under accident tornado wind conditions, as the radiation dose rate from 
neutron radiation does not significantly contribute to the overall dose rate. 


Although it is likely that the CHM would withstand the effects of tornado missiles, tornado 
missile loads have not been explicitly incorporated into the design of the CHM hoist and control 
systems. The combined probability of a tornado occurring of sufficient strength to generate 
tornado missiles at the same time the CHM is handling an ISF canister is estimated to be < 10-7 
events/year and is therefore not considered credible at the ISF Facility. Chapter 8 provides 
additional information regarding tornado events at the ISF Facility. 


• Earthquake – The CHM is designed to withstand the effects of the design earthquake. The 
seismic design of the CHM provides the bounding structural design basis for the CHM. The 
CHM is seismically designed to prevent failure during the design earthquake, and to prevent 
damage to an ISF canister should the earthquake occur during handling operations. The CHM is 
also designed to ensure that deflections that may occur during an earthquake will not result in 
impact to the charge face of the storage vault. 


The girders, trolley and turret are designed to limit the horizontal seismic deflections of the turret 
nose unit so that the turret nose unit cannot trap an ISF canister when it is being inserted into the 
storage tube or the load/unload port. The vertical seismic displacement of the nose of the CHM 
relative to the charge face is designed to limit deflections to prevent the CHM turret/cask assembly 
from imparting a load on the charge face during the seismic event. While the shield skirt rests on the 
charge face during canister transfer, the suspension is designed to prevent transmitting CHM loads to 
the charge face, and to prevent the skirt from hammering the charge face during the seismic event. 


The seismic switch will de-energize the CHM during an earthquake. De-energizing the CHM will 
ensure that it remains in a known safe state during and after a design earthquake. The seismic switch 
does not automatically reset. Interlocks and safety features on the CHM do not require electrical 
power to maintain the CHM in a safe state. De-energizing the CHM either during normal operation or 
as a result of a seismic trip results in seismic clamps engaging and clamping the rails to prevent 
bridge and trolley movement. The rail clamps are used to react to “along the rail” loads while wheel 
flanges and claws are used to react to “across the rail” and vertical loads, respectively. 


• Fire or Explosion – Noncombustible and heat resistant materials are used wherever practical 
throughout the CHM design. The Jabroc neutron shielding that surrounds the CHM is highly fire 
retardant and therefore poses a low fire risk. The CHM meets the requirements of NFPA-70, 
National Electric Code, to minimize the likelihood and effect of fires which might occur from 
faulty electrical equipment. De-energizing the CHM in the event of a fire incident will result in 
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the seismic clamps engaging and clamping the rails to prevent bridge and trolley movement. The 
canister hoist brakes will engage and hold the canister. Interlocks and safety features on the CHM 
do not require electrical power to maintain the CHM in a safe state. Credible fires or explosions 
in the Storage Area that may have an adverse effect on the CHM or SNF transfer operations are 
discussed in Section 4.3.8. 


• Flood – The CHM is mounted on rails in the Storage Area building, above the charge face of the 
storage vault. Charge face elevation is significantly higher than the PMF elevation, therefore the 
CHM could not be flooded and flood loads or submergence is not considered in the design of the 
CHM. 


• Lightning – The CHM is located inside of the Storage Area Building, which is provided with a 
lightning arrestor system designed in accordance with NFPA 780, Lightning Protection Code. 
The CHM will not be subject to direct lightning strikes. 


• Shielding Considerations – Because the CHM is controlled by an operator located on the trolley, 
the CHM is designed to ensure dose rates to the operator remain ALARA during canister 
handling operational phases. The main cask body contains the cavity for the ISF canister and 
provides radiation protection using carbon steel gamma shielding, clad with a layer of Jabroc to 
provide neutron shielding. The shield skirt and storage tube shield plug ensure streaming effects 
are minimized during cask/trolley orientations over the open fuel tube. The gamma shielding 
components are designed to remain intact during normal, off-normal and accident conditions, 
including seismic and tornado wind. Loss of the supplemental Jabroc shielding is considered 
permissible under accident tornado wind conditions, as the radiation dose rate from neutron 
radiation does not significantly contribute to the overall dose rate. 


• Temperature Effects – The CHM is designed to operate in the normal and off-normal 
temperature range that occurs in the Storage Area building. Structural materials are selected for 
their ability to operate under normal, off-normal and accident conditions. Failure of the storage 
area heating system can result in temperatures below 32°F and possibly as low as the external 
temperature of -26°F in the Storage Area. This will be considered an accident condition. The 
CHM will not operated if the temperature in the Storage Area building is less than 32°F. The 
Storage Area building temperature would only reach this temperature if there is a failure of the 
heating system. Under low temperature conditions, i.e. less than 32°F, the CHM is placed in a 
dedicated parking position at the load/unload port until the temperature condition is corrected. 
Failure of the storage area ventilation system can result in ambient temperatures up to 154°F. The 
CHM shall not be operated at temperatures greater than 104°F. 


• Retrieval Considerations – CHM retrieval design features are discussed in Section 4.7.3.2.13. 


• Decontamination Considerations – The CHM operates in a clean area and handles clean ISF 
canisters. It is not expected to become contaminated during normal operating conditions. 
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Design Loads 


The following loads were included in the design of the CHM: 


Loads Term Description of Load 
Dead Loads DL Includes the weight of effective parts of the bridge structure, the 


machinery parts, and the fixed equipment supported by the 
structure.  


Trolley Loads TL Includes trolley weight and the equipment attached to the trolley, 
including the total turret weight but excluding the ISF Canister 
Grapple weight and the ISF Canister weight. 


Lifted Load LL Working load and the weight of the lifting devices used for 
handling and holding the working load, i.e. the weights of the ISF 
Canister Grapple and the ISF Canister 


Inertia Force from Drives IFD 0.025(TL+LL)  
Dead Load Factor DLF 1.1 
Hoist Load Factor HLF 0.15  
Force due to skewing SK 0.05(TL+LL)  
Operating Wind Load WLO Specified as zero for the ISF Facility since CHM is inside the 


Storage Area Building 
Stored Wind Load WLS Specified as zero for the ISF Facility since CHM is inside the 


Storage Area Building 
Collision Force CF Per CMAA70 3.3.2.1.3.2 
Test Load ---- CMAA test load not to exceed 125 percent of the rated load 
Axle or Wheel Break AWB Maximum 1” drop per CMAA 
Seismic Load DBE Load due to Design Earthquake 
Tornado Wind TW Load due to wind from the Design Basis Tornado 
Tornado Differential 
Pressure  


DP Load due to differential pressure from wind of the Design Basis 
Tornado 


Flood Load FL Zero for the CHM since it is above the flood plan elevation 


Off-Normal Loading Conditions 


The CHM was designed to include the following off-normal conditions: 


CHM breakdown due to mechanical or electrical failure. The CHM is designed to permit manual 
operation of the drive systems to be able to recover from mechanical or electrical failures. In the event of 
loss of electrical supply, it is possible to hand-wind the canister hoist to lower the ISF canister into a 
storage tube to put the system into an overall safe condition. 


CHM stoppage due to overload, corrosion, misalignment or structural failure of the rails. The CHM 
design incorporates features that prevent overloads from causing damage to drive systems. Motors are 
designed with overload fuses and thermal cut-outs. 
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Axle break. An axle break associated with the bridge or the trolley is considered in the structural 
evaluation of the CHM. Based on a 1 inch drop of the bridge or trolley, there is no damage caused to the 
ISF canister, and no excessive stresses in the CHM or rail system. 


ISF canister drop. The CHM is designed with appropriate structures, mechanisms, restraints, and 
interlocks to prevent dropping or trapping the ISF canister during handling. The following design bases 
ensure high integrity lifting of the ISF canister: 


• The ISF canister hoist is designed as a single failure proof hoist to CMAA 70 and NUREG 0554. 


• The ISF canister grapple is designed as a high integrity grapple to ANSI N14.6 (using the higher 
factors of safety) 


• The ISF canister grapple incorporates mechanical interlocks that prevent the grapple jaws from 
releasing its load, unless the weight of the load is supported. If the grapple jaw open actuator is 
inadvertently energized while carrying an ISF canister, the canister will not be released from the 
grapple. 


• Guide features are designed into the canister handling route to ensure that there are no ledges or 
snag points that could cause the ISF canister to bind as it is being lowered into a storage tube. 
This design principle is also backed up by load cells on the canister hoist system that will detect 
an underload condition and stop the hoist from continuing to lower if the canister were to bind. 


ISF canister shear. The CHM incorporates design features and control system interlocks that prevent a 
canister from being inadvertently sheared. A canister could be trapped or sheared if: 


• The Turret was to try to rotate when the canister is lowered so that it is part way between the 
turret body and the fixed nose unit. 


• The crane or trolley drives try to move the CHM when the canister is lowered so that it is part 
way between the nose unit and a storage tube or load/unload port. 


• Lateral seismic deflections of the nose unit exceed the clearance around the canister while it is 
lowered so that it is part way between the nose unit and a storage tube or load/unload port. 


Control system interlocks are used to prevent drives from operating unless the ISF canister is in a defined 
position where trapping cannot occur. This requires a control signal from the hoist to confirm that the 
grapple is fully raised before the turret rotate or crane drives can be permitted to operate. 


One of the seismic design bases of the CHM is to limit the nose unit lateral deflection during a seismic 
event so that a partially inserted canister cannot be trapped. This drives the design of the main girders and 
is the reason why the girders are nearly as wide as they are deep. The lateral loads across the girders are 
very similar to the vertical loads due to the lateral seismic forces emanating from the turret mass. 


Collision between the CHM and objects in its travel path on the charge face. An operator located on 
the trolley drives the CHM around the storage area charge face. In addition, a second operator located on 
the charge hall provides guidance and assistance with positioning the machine and ensuring that the CHM 
does not collide with any item that may have been left on the charge face. Good housekeeping is used to 
minimize the number of items that are left out on the charge face, but during storage tube preparation 
operations there will be occasions when equipment has to be moved onto charge face. 
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Collision between the bridge, trolley, or turntable and their end-of-travel bumpers. The CHM crane 
long travel, trolley cross travel, and turret rotate travel utilize end of travel bumpers that are designed to 
absorb the energy of the CHM if it were to run into the bumpers. These bumpers are not expected to be 
used, as limit switches are provided to stop the CHM from reaching the bumper position. However, in the 
event that the limit switch fails to provide the stop signal, then the bumpers will stop the CHM. 


Load Combinations 


The following load combinations were included in the design of the CHM: 


Load Case Description Terms 
1 Crane in regular use under principal loading  1.1 (DL) + 1.1 (TL) + 1.15 (LL) + IFD  
2 Crane in regular use under principal and 


additional loading  
1.1 (DL) +1.1 (TL) + 1.15 (LL) + IFD + 
WLO + SK  


3 Extraordinary loads See 3.1 to 3.8 below 
3.1 Crane subjected to out of service wind load DL + TL + WLS – Not required for CHM 
3.2 Crane in collision DL + TL + LL + CF 
3.3 Loaded Crane with axle or wheel break DL + TL + LL + AWB 
3.4 Loaded Crane with Tornado Wind Load DL + TL + LL + IFD + SK + TW 
3.5 Loaded Crane with Differential Pressure from 


Tornado Wind 
DL + TL + LL + IFD + SK + DP 


3.6 Loaded Crane with Tornado Wind plus One-
half Differential Pressure from Tornado Wind 


DL + TL + LL + IFD + SK + TW + 0.5 
(DP) 


3.7 Static Test Load, 125 percent of the ISF 
Canister weight of 10000 lbs. Over the full 
range of hoist, bridge, trolley and turret 
positions 


DL + TL + 1.25 (LL) 


3.8 Dynamic Test Load, 100 percent of the ISF 
Canister weight of 10000 lbs. Over the full 
range of hoist, bridge, trolley and turret 
positions moving at speeds and motions for 
which the system is designed 


1.1 (DL) + 1.1 (TL) + LL + IFD + SK 


4 Extreme Environmental Loads See Below 
4.1 Loaded Crane with Design Earthquake DL + TL + LL + IFD + SK + DBE 


Structural Analysis 


The structural analysis of the CHM was performed to demonstrate compliance with the load and stress 
limit requirements of CMAA-70 and the additional requirements of NUREG-0554, NUREG-0612, 
ANSI N14.6 and NOG-1, as applicable to individual sub-assemblies and load cases. 


The analysis can be categorized into four basic groupings dictated by the four different stress levels 
applicable to the different types of applied loading. These are as follows: 


• Normal operating loads and stresses where the stress limits are dictated by the code permissible 
fatigue stress limits or other low stress limits in components not subject to fatigue. Stresses result 
from Load Case 1. 
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• Normal plus additional loads and stresses; the additional loads resulting from wheel flange 
friction from skewing of the bridge and trolley on their rails. Permissible stresses for these load 
cases are typically 10 percent higher than those for normal operating. Stresses result from Load 
Case 2. 


• Extraordinary loads and stresses resulting from normal plus additional events such as collision 
with the trolley or bridge “end of travel” buffers, axle break or tornado wind effects. Permissible 
stresses for these load cases are typically 75% of the material tensile yield strength. Stresses result 
from Load Case 3.1 to 3.8. 


• Seismic loads resulting from the design earthquake where permissible stresses are typically 90% 
of the material tensile yield strength. Stresses result from Load Case 4.1. 


As both the applied loads and the permissible stress levels for each of the above four load cases vary, a 
governing “worst loading” case scenario is not evident and therefore a detailed analysis of each load case 
was performed and evaluated against its relevant permissible stresses. 


Finite Element Model 


An overall view of the CHM model with the trolley at mid-span is provided Figure 4.7-79. The quarter, 
mid and end of span models used in the analysis are identical structurally except for the relative trolley 
position. The finite element model is a beam/shell element representation of the machine.  


Turret Assembly. Most of the rotating portion of the turret has been modeled as a beam along the central 
axis of the canister cavity using ANSYS BEAM4 elements. The mass of JABROC shielding, non-
structural components and equipment have been included using the ADDMAS option on the real constant 
and using ANSYS MASS21 lumped mass elements. 


Radial arms of rigid massless beams were used to connect the turret to the turntable. Nodes were included 
along the length of the turret beam model at positions corresponding to the bolted interfaces. The offset 
mass of the turret nose and lower castings have been modeled as single point masses using 
ANSYS MASS21 elements located at their centers of gravity and connected back to the beam 
representing the turret with a rigid massless link. 


A connection between the rotating turret and to the non-rotating nose unit was made at the end of radial 
arms extending out to the radius of the base slewing ring. The nodes at the ends of both sets of radial arms 
are coincident and coupled together and are rotated into a cylindrical co-ordinate system, with Z vertical. 
This allows coupling in the radial and vertical directions at all nodes and tangentially at four equally 
spaced nodes to prevent rotation of the nose casting relative to the turret. 


Point masses representing the various pieces of equipment mounted on the turret base were modeled at 
their estimated centers of gravity on the ends of rigid massless beams. The hoist drum and drive box was 
modeled using a 3-D shell representation as part of the hoist fabrication. 


The retractable shield skirt assembly around the turret nose unit has been modeled as a lumped mass on 
the nose unit at its center of gravity. During operation it is lowered onto and raised from the charge face, 
hence, it has a relatively flexible attachment to the nose unit. When the canister is being transferred from 
the load/unload port or to a storage tube the skirt is in contact with the charge face. The seismic analyses 
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have been performed with the skirt in this position. During the seismic event, the horizontal flexibility 
between the skirt and nose unit will allow horizontal movement of the turret, but the skirt will remain 
decoupled vertically. Hence, only the horizontal mass of the skirt is included in the seismic analysis. 


The skirt suspension system provides vertical clearance so that the skirt does not hammer the charge face 
during an earthquake. 


Turntable. Inner and outer rings of the turntable slew bearing and the radial arms connecting the two 
rings were modeled in ANSYS BEAM44 elements. The real constant ADDMAS option has been used to 
include the distributed mass of the floor plates. Connections between the outer ring and the trolley were 
made with short massless rigid arms constructed from BEAM4 elements and spaced uniformly around the 
ring. These arms represented the slewing ring connection between turntable and trolley. The two halves of 
each arm were coupled through coincident nodes at the bearing diameter. These nodes were rotated 
towards the turntable center of rotation, hence, the coupling in the vertical and radial directions. Four of 
the nodes were also coupled in a tangential direction to resist the rotational moment between turntable and 
trolley, which in practice would be resisted by a single location pin. 


Trolley. The trolley has been modeled with ANSYS BEAM44, SHELL63 and MASS21 elements. The 
BEAM44 elements with offsets to bring the node line on a plane level with the top surface of the trolley. 
The SHELL63 elements have been used to model the trolley, deck and walkways. The MASS21 elements 
have been used to model more significant lump masses. 


The real constant ADDMAS option has been used to include additional distributed loads due to floor 
plates, cubicles and other miscellaneous features not already modeled as part of the structure. More 
significant masses carried on the trolley such as the seismic restraints, wheels etc, were individually 
modeled as lumped masses. 


The electrical panels on the trolley have been modeled as lumped masses at their center-of-gravity (CG) 
linked by rigid beam elements to the trolley. This is to allow the extraction of the acceleration of the CG 
to enable the design of the hold down bolts. It is assumed that the internals of the electrical cubicles will 
be designed and fabricated such that the components mounted inside these cubicles will be dynamically 
rigid, i.e., have resonant frequencies above the ZPA frequency. 


The operator control console has been modeled with a single lumped mass at its CG and is attached back 
to the trolley deck by BEAM44 elements to four hold down bolt positions. The turret rotate festoon has 
been modeled with BEAM44 elements with the mass of the hangers and cables added as a non-structural 
mass using the real constant ADDMAS option. 


Note that the seismic load path for base torsion is via the base locking pin assembly. The torsion links 
extending down from the trolley to prevent the turret base rotating, were not modeled as structural 
elements but their mass was included as single point masses attached to the trolley.  


Pairs of coincident nodes were located at points where the trolley wheels and seismic restraints contact 
the trolley rails / brake rails and bridge beams. The trolley model was connected to one of each coincident 
node pair through constraint equations and short rigid beams to the nodal axis of the bridge beams. By 
including short rigid beams in the trolley half of the connections, their resulting element forces gave 
direct values of trolley wheel and seismic restraint loads. 
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Connections between coincident nodes were made in the X, Y or Z direction as appropriate with no 
rotational restraint applied. Note that in the analyses vertical Z connections between trolley and bridge 
were made through the trolley wheels and seismic rail claws. 


Main Bridge Beams and End Carriages. Fabricated sections of the main bridge beams and end 
carriages were modeled in ANSYS BEAM44 and MASS21 elements. The node line for the main bridge 
beams was set at a height of approximately 15 feet from the bridge rails, with a rigid offset to the bolted 
joint with the end carriages. The properties of the bridge beams are offset from the modeled location, 
using the appropriate ANSYS input, to the correct neutral axis position of the cross section. The rigid 
offset to the end carriages allows the extraction of the force and moments acting on the bolted joints 
between bridge beams and end carriages. 


Items such as trolley festoon, rails, rail bearers and stiffening diaphragms which added very little to the 
overall bending stiffness of the bridge beams, were included only for their mass contribution and were 
accounted for by using the ADDMAS option on the real constant. 


The node line of the end carriages horizontal member has been set at the neutral axis of the section. The 
end carriages horizontal member is modeled offset by rigid links from the main bridge beams. The offset 
to the wheel assemblies is by beams representing the vertical leg of the end carriage and rigid links. 


Connections to ground were made with vertical massless beams extending down from the top of the 
wheel assemblies. For the vertical Z connection the rigid beams were connected to the carriage nodal 
lines at positions corresponding to the 4 bridge wheel assemblies. No attempt has been made to model the 
wheel assembly, a single link was used to connect the nodal line down to a point where the bridge wheels 
made contact with the runway rails. The loads developed at the end of this single point termination will 
therefore represent the load acting on the bogie assembly pivot pin and not the load on each individual 
wheel. Single point MASS21 element have been attached to the vertical links to model the masses of the 
bridge wheel assemblies. 


For the horizontal Y ground connection, rigid links were extended from the node line of each end carriage 
horizontal beams to pairs of Y-seismic restraints. The links were extended down to a level equivalent to 
the position of the runway rails. MASS21 elements were added to simulate the mass of each Y-seismic 
engagement mechanism. 


Horizontal X ground connections were made through the same rigid links as the Z ground connection but 
at one end only. Connections to ground at the end carriages were made in the translational degrees of 
freedom; no rotational restraint has been applied. 


Canister, Grapple and Hoist Ropes. The canister and grapple have been modeled as single point 
MASS21 elements. They are connected by rigid massless BEAM4 elements such that the center of 
gravity of the canister is at its fully raised height. These are suspended from an ANSYS COMBIN14 
Spring element to represent the rope.  


The spring stiffness of the rope element has been input for (a) fully raised position and (b) fully lowered 
position. The length of the spring element was set at approximately 79 inches for modeling convenience. 
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Two distinct analyses were performed, for each trolley position. The only difference between the two 
analyses is the spring stiffness of the rope element and the coupling of the grapple/canister mass to the 
turret. In the first analysis the spring stiffness is that of the hoist rope stiffness for the fully raised height. 
Each mass has been laterally coupled to the turret in the X and Y direction but free in the Z. In the second 
analysis the spring stiffness is that of the hoist rope stiffness for the fully lowered height, i.e., where the 
grapple is about to release the canister in the storage tube. In the fully lowered position, the coupling of 
the canister/grapple mass is effectively removed by setting the added mass in the X and Y directions to 
zero. 


Total Mass. The total mass of the structure as modeled is 387.5 tons. However, the “effective total mass” 
varies for X, Y and Z directions as shown below: 


Rope 
Position Direction 


Effective Mass 
(tons) Comments 


X 387.5 Actual total mass 
Y 387.5  


Raised 


Z 373.1 Shield skirt rests on charge face 
X 381.4 Payload, grapple and load block not effective horizontally 
Y 381.4  


Lowered 


Z 373.1 Shield skirt rest on charge face 


Analysis Methods 


Load Case 1 - Normal Operating 


• The static weight loads during regular use operation were enhanced in the vertical direction by 
the dynamic factors of CMAA-70, Section 3.3.2.1.1.4. 


• The additional horizontal inertia loads induced by the trolley and bridge drive accelerations were 
obtained by applying horizontal accelerations to the ANSYS model used for the seismic analysis. 


• Hand calculations were used as appropriate to calculate the fatigue stresses for the number of 
stress cycles corresponding to CMAA-70, Service Class ‘D’, and L4 Load Class. 


• Calculated stresses were compared with permissible stresses from CMAA-70, Section 3.4.2 or 
CMAA-70, Section 4.11, as appropriate. 


• The canister grapple was analyzed against the conservative stress limits of ANSI N14.6. 


Load Case 2 - Normal Operating plus Skew Loads 


• Skew loads were calculated in accordance with CMAA-70, Section 3.3.2.1.2.2 and added to the 
normal operating loads. Calculated stresses were then compared with the permissible values from 
CMAA-70, Section 3.4.2. 
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Load Case 3 - Extraordinary Loadings 


The extraordinary loadings listed below were evaluated and the stresses were calculated for the greatest of 
these loadings and compared with the permissible values from CMAA-70, Section 3.4.3. The rules of 
3.4.3 were also applied to mechanical components designed to CMAA-70, Section 70-4 under 
extraordinary loadings. 


• Crane in collision with the “end of travel” bumpers. The deceleration rates from CMAA-70, 
Sections 4.14.1.2 and 4.14.5.2, were used as input for calculating the collision loads. 


• The effects of a 1 inch drop following an axle break were analyzed and were applied as a 
dynamic multiplier to the normal vertical static loads. 


• Static and dynamic test loads were considered but these were less than the generally governing 
axle break condition. 


• Tornado wind loads were evaluated from the maximum wind speeds, air density and the drag 
coefficients of shapes in the wind path. 


• Differential pressure from tornado wind was not included for the turret as the machine is open 
ended and the main body of the machine is greater than 12 inches thickness of steel. 


Load Case 4.1 - Loaded Crane with Design Earthquake 


A dynamic seismic modal analysis to ASME NOG-1-1998, Section NOG-4150, using the response 
spectrum method, was performed to establish the response of the CHM to the design earthquake. The 
analysis used as input the response spectra for x, y and z directions at the long travel rails level of the 
CHM bridge. 


The primary sub-assemblies of the CHM comprise a turret assembly, a trolley assembly and a bridge 
assembly. The turret assembly is 38 feet tall and is comprised of bolted sub-assemblies around a payload 
suspended from a rope system. The turret is in turn bolted to a welded turntable that is fastened to the 
trolley via a large bolted slewing ring bearing. The trolley is a welded structure with bolted wheel 
assemblies and bolted seismic restraints, electric cubicles, an operator control desk and cable festoons. 


The bridge is a welded box girder structure with bolted end trucks, wheel assemblies and seismic 
restraints. The magnitude of the design earthquake is such that additional sliding and frictional damping 
will be present at the clearances between the bridge rails and wheel flanges and between the trolley rails 
and wheel flanges. Therefore the damping values appropriate to a bolted structure from Regulatory Guide 
1.61 are considered applicable to the overall assembly and a Response Spectrum of 7 percent of critical 
damping has been used in the seismic analysis. This is consistent with the damping value guidelines from 
NOG-4153-8. 


The analysis was performed using 3-D finite element beam and shell models. The Grouping Method of 
mode combination was used in the analysis in accordance with NOG-4153-10(b)(1). The general-purpose 
finite-element program ANSYS was used for the analysis. 


For the design earthquake, the permissible stresses are to be within the requirements of ASME NOG-1-
1998, for Extreme Environmental Loading. The model loading conditions and the method of mode 
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combination in the analyses conform to the requirements of NOG-4153. Stresses have been assessed to 
the requirement of NOG-4321, 4322 and 4324. Forces and moments at the joints and other interfaces 
were also tabulated to allow subsequent assessment of detailed mechanisms and bolted joints using hand 
calculations. Nose deflections were also tabulated to confirm that these were not large enough to trap a 
canister during its transit through the vault/machine interface. 


Active seismic restraints are incorporated in the CHM that are engaged when the machine is in position 
over a vault storage tube or load/unload port. These are provided to ensure that in a seismic event there 
will be no significant movement between the machine and storage channel which could result in trapping 
or damage to a partially inserted canister or tube plug. The analyses were carried out with the seismic 
restraints engaged, representing the machine “locked” over a storage tube or load/unload port, i.e. bridge 
locked to its rails, trolley locked to its rails, turret rotationally locked to trolley and turret rotationally 
locked to the nose casing. If an earthquake occurs when the machine is not locked in position, the seismic 
trip accelerometers will cut the electrical supply to the machine and the long and cross travel seismic 
restraints will automatically engage and clamp to the rails. 


Three trolley locations were considered in the analysis, in accordance with NOG-1, Table NOG-4153.7-1. 
These positions were interpreted so as to place the node center-line of the CHM over the nearest vault 
storage tube to the nominal location. The analysis considered the loaded grapple in both the fully raised 
and fully lowered positions. It was considered that the “no load on hook” case would give no additional 
information towards the overall assessment, for a machine where the lifted load is only 1.7% of the total 
mass of the machine, and was therefore not analyzed. 


The objectives of the CHM seismic analysis were to: 


• Calculate the maximum seismic stresses in the bridge, trolley, turntable and turret and show that 
they are below the allowable stresses; 


• Calculate the maximum nose unit displacements, due to translation and rotation of the CHM, in 
order to be able to demonstrate that the canister will not lock-up between the turret and storage 
tube during transfer. Also to ensure that the clearance between the nose and charge face precludes 
the nose hammering the charge face during an earthquake; 


• Calculate the reaction forces on the trolley and bridge wheels and seismic restraints for use in the 
design; 


• Calculate the forces and moments on the nose unit and turntable bearings for use in the design of 
the base locking pin and turret locking pin mechanisms; 


• Calculate the forces and moments in the cask body and plug hoist shielding bolted joints for use 
in the detail design; 


• Calculate the forces and moments in the main bridge beam and end carriage bolted joints for use 
in the detail design; 


• Calculate the forces and moments in the main bridge beam under the trolley; used to determine 
the local stresses in the main bridge beams top flange due to the trolley wheel loads; 


• Calculate the maximum seismic stresses in the turret rotate festoon support structure. 
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The analysis produced separate lists of static loadings due to the 1g vertical static weights of the 
components for the three trolley positions. This was used as input for the normal operating load cases. 
Additional runs with 1g horizontal loadings were applied and scaled to produce the forces and moments 
induced by the bridge and trolley acceleration inertias and the buffer collision deceleration loads. 


The plus/minus dynamic seismic loads were calculated separately and added or subtracted to the static 
loads to give the worst case loading, e.g. maximum bridge and trolley wheel loads were obtained by 
adding static plus seismic and maximum uplift at the wheels by subtracting static minus seismic. 
Calculated stresses were compared with the NOG-1 allowable stress limits and were less than the code 
permissible values. 


The response spectrum analysis indicated a slack rope condition for the canister hoist. In accordance with 
the requirements of NOG-4154, a non-linear time history analysis of the rope system was performed. This 
yielded a peak rope load that was less than the bounding value of 4g (1g static + 3g seismic) which was 
used for the structural calculations. 


Summary of Results 


Table 4.7-30 provides a summary of the lowest factors of safety that are derived from the structural 
calculations for the main structural components. It is the seismic loading (Load Case 4.1) that generates 
the highest loads and stresses in the main structural components of the CHM. 


Factor of safety is defined as the ratio of allowable stress extracted from the applicable code to the 
calculated stress. A value of 1.0 or above signifies that the component meets the structural code 
requirement. The design is found to be compliant with code requirements. 


4.7.3.4 Criticality Evaluation for Spent Fuel Handling Operations 


The general approach to evaluating the criticality safety of the SNF within the ISF Facility is to follow the 
fuel through the facility during each major operation. 


The design criteria for nuclear criticality are provided in Section 3.3.4, Nuclear Criticality Safety. The 
basic requirements are 1) keff shall not exceed 0.95 for any in-process or storage fuel array under normal, 
off-normal, or accident conditions, and 2) spent fuel handling, packaging, transfer and storage systems 
must be designed to ensure that, before a nuclear criticality accident is possible, at least two unlikely, 
independent, and concurrent or sequential changes have occurred in the conditions essential to nuclear 
criticality safety. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 4.7-121 


 


  


The scope of this section is a description of 1) the criticality models, and 2) the criticality evaluations and 
results for fuel handling and packaging operations outside of the Storage Area. Additional information on 
criticality evaluations and operational controls for the ISF Facility are provided in: 


• Appendix 4A to the SAR, Criticality Models 


• Appendix A to the SAR, Safety Evaluation of the Transfer Cask 


• SAR Section 4.2.3.3.7, Criticality Evaluation [for storage operations] 


• SAR Section 5.1.3.1, Criticality Prevention 


• SAR Chapter 8, Accident Analysis 


The criticality evaluations for the ISF Facility fall into one of three categories: 


Evaluation of normal fuel handling sequences. Fuel configurations that are known to occur during 
routine fuel handling and packaging operations are analyzed to ensure that the planned geometry, 
separation, and material inventories will be safe during normal facility conditions. 


Evaluation of off-normal and accident scenarios. Postulated off-normal and accident scenarios are 
evaluated to ensure that two unlikely, independent, and concurrent or sequential changes in geometry, 
separation, or material inventory are required before keff exceeds 0.95. 


Evaluation of bounding cases. Due to the nature of fuel handling and packaging operations, it is 
impossible to postulate all potential combinations of geometry, separation, and material inventory. To 
ensure that the conditions that could lead to a criticality for ISF Facility operations are well understood, 
“bounding” cases have been developed to identify the combinations of geometry, material inventory, and 
reflection/moderation that are required to achieve keff = 0.95 at the ISF Facility. In some instances, these 
bounding cases are used to evaluate the consequences of accident or off-normal conditions. 


As an example, a scenario has been analyzed to understand the bounding condition for loose material by 
considering the “crushing” of intact fuel elements into a uniformly homogenized mass. 


The scenario (described in Section 3.2 of Appendix 4A to the SAR) is an attempt to bound the postulated 
accident event of the drop of a full Transfer Cask loaded with Peach Bottom fuel. Under the scenario 
described, the material from greater than 21 Peach Bottom fuel elements homogenized, packed into a 
sphere, and reflected by graphite is required before keff approaches 0.95. These conditions cannot be 
achieved in the ISF Facility. A maximum of 18 Peach Bottom core 1 elements will be shipped to the ISF 
Facility in the Transfer Cask; however, these elements are individually canned, and are overpacked in a 
transfer basket. If the cask (or transfer basket) is dropped during transfer, separation and geometry control 
are not lost due to the individual containment of each fuel element. Peach Bottom core 2 fuel elements are 
not individually canned; however, a maximum of 12 Peach Bottom core 2 fuel elements will be shipped 
to the ISF Facility in any single cask. Therefore, there is insufficient material to achieve keff > 0.95. 
Nevertheless, this bounding case has been used to demonstrate that under unforeseen off-normal or 
accident conditions involving the Transfer Cask, nuclear criticality safety controls are adequate to ensure 
that a criticality does not occur. 
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Criticality models developed to examine each of the three fuel types under normal, off-normal, accident, 
and bounding conditions are provided in Appendix 4A to the SAR. The MCNP4 computer code 
(Ref. 4-18) described in Section 3.3.4.3.2 was used for each of the analyses. 


Although neutron poisons are present in certain fuel types and storage canisters, no credit is taken for 
neutron poisons for criticality control. An optional feature of TRIGA fuel elements is the inclusion of thin 
samarium trioxide discs, both above and below the active fuel region and a portion of the TRIGA 
elements to be stored at the ISF Facility will contain such discs. These discs comprise a total samarium 
trioxide volume of 2.6 cm3 (approximately 20 grams) per fuel element prior to burn-up. After burn-up, 
some small quantities of samarium and gadolinium are also present within the fuel meat as fission 
products (approximately 1.5E-05 and 7.7E-04 grams per element, respectively, based on the TRIGA fuel 
source term decayed to July 1, 2004). No credit is taken for these neutron poisons in the criticality 
analyses presented in Appendix 4A. 


DOE has also opted to place approximately 3.6 kg of gadolinium phosphate in powder form into a 
stainless-steel tube inserted into each TRIGA fuel storage basket as described in SAR Section 4.2.3.2.4, 
“Description of ISF Basket Assembly.” This gadolinium phosphate powder has been added in order to 
meet the DOE’s anticipated acceptance criteria for the geologic high-level waste repository and is not 
necessary for criticality control during interim storage at the ISF Facility. With the exception of the 
comparative analysis of stainless steel vs. aluminum clad TRIGA fuel elements described in Section 2.7 
of Appendix 4A, the gadolinium phosphate has not been credited in the criticality analyses presented 
Appendix 4A. 


By a combination of their basic pellet design and their reactor operations exposure, the Shippingport 
reflector modules are not enriched, and the lack of appreciable amounts of fissile material means that 
criticality safety is ensured without further limitations on geometry. The handling and packaging of 
Shippingport modules and loose rods do not present any limitations with regard to criticality safety. The 
increase in reactivity of Shippingport reflector modules due to neutronic coupling with the other two 
types of fuels is bounded by other cases involving just the other two types of fuels. Therefore, no further 
criticality evaluations involving Shippingport fuel are discussed. 


4.7.3.4.1 Cask Handling Operations 


This section discusses normal, off-normal/accident, and bounding criticality evaluations performed by 
Foster Wheeler to support the use of the Transfer Cask. Additional information regarding this 
government-furnished equipment is provided in Appendix A to the SAR, Safety Evaluation of the 
Transfer Cask. The results of these analyses are summarized in Table 4.7-31. 


Normal Cask Handling Operations 


Cask handling operations begin with the receipt of the Transfer Cask at the ISF Facility. The cask 
transport configuration and relevant analyses are described in Appendix A to the SAR. 


Once it is received, the loaded Transfer Cask is removed from the transport trailer using the cask receipt 
crane, and placed on the cask trolley. The fuel remains within the cask, with the cask lid bolted in place 
during this entire process. 
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Once the transfer cask is placed on the cask trolley, it is moved to the Cask Decontamination Zone within 
the Transfer Tunnel. There, the cask lid bolts are removed, and a cask adapter holds the cask lid in place 
during subsequent operations. The cask trolley then moves the transfer cask down the Transfer Tunnel to 
the FPA for unloading. 


Throughout this operating sequence, the normal cask transport geometry is maintained, and criticality 
calculations performed for the transport configuration remain valid. For the maximum fuel inventory case 
(18 canned Peach Bottom core 1 fuel elements), keff is calculated to be 0.33. For 90 TRIGA elements (the 
maximum number of TRIGA elements to be shipped in the Transfer Cask, as specified in Section C, 
Attachment C-A-D of Contract No. DE-AC07-00ID13729), keff is calculated to be approximately 0.38. 


Although the Peach Bottom and Shippingport fuels do not require the DOE container to maintain 
geometric control of the fuel during normal handling operations, TRIGA fuel is anticipated to require the 
DOE container to remain intact to maintain geometric control. This is discussed further under Cask 
Handling Bounding Criticality Analyses below. 


Cask Handling Criticality Control During Off-Normal and Accident Events 


As noted above, the Shippingport fuel does not require the DOE container to maintain geometric control 
of the fuel during normal, off-normal, or accident events; however, the Peach Bottom and TRIGA fuels 
do require the container to remain intact to maintain geometric control and separation. 


The cask receipt crane is designed as a single-failure-proof crane, and the associated lifting devices are 
designed to ANSI N14.6. Section 4.7.3.3.4 provides the structural analyses and summaries of results for 
the cask receipt crane. The Transfer Cask trunnions meet ANSI N14.6 criteria (see Appendix A of the 
SAR). Therefore, accident scenarios involving a loss of geometry control or fuel separation due to 
dropping the Transfer Cask in the Cask Receipt Area are not credible, as they require two unlikely, 
independent and concurrent or sequential events to occur. 


The cask trolley is designed to the applicable single-failure-proof criteria of NUREG-0554 and NUREG-
0612. The requirements of these design criteria serve to prevent the cask from being dropped or 
overturned during handling in the Transfer Tunnel. The structural analyses for the cask trolley are 
presented in Section 4.7.3.3.5. Transport accident conditions analyzed for the Transfer Cask are 
anticipated to bound normal, off-normal, and accident loads imparted to the Transfer Cask and fuel by 
accidents involving the cask trolley. Therefore, accident scenarios involving a loss of geometry or fuel 
separation due to dropping the Transfer Cask within the Transfer Tunnel are not credible, as they require 
two unlikely, independent and concurrent or sequential events to occur. 


Cask Handling Bounding Criticality Analyses 


To envelope unforeseen off-normal or accident conditions during cask handling operations, parametric 
studies were performed to simulate loss of geometry control under accident conditions. These studies 
investigated the effects of: 1) crushing Peach Bottom fuel elements into a homogeneous, graphite 
moderated sphere; 2) close-packing Peach Bottom fuel elements; and 3) close-packing TRIGA fuel 
elements. Although none of these scenarios are considered credible events, they serve to demonstrate the 
limits of criticality safety for cask handling operations.  
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The results of these analyses are presented in Table 4.7-31. A keff of 0.95 is not approached with up to 21 
Peach Bottom elements under the “crushed fuel” scenario. This is nine elements more than the amount of 
fuel to be shipped in any single cask load of Peach Bottom core 2 fuel. Under the close-packed scenario, a 
keff of 0.55 is achieved with 37 Peach Bottom elements – over twice the amount of Peach Bottom core 1 
fuel received in any single cask shipment. For TRIGA fuel, keff approaches the upper safety limit of 
0.9130 with 45 elements, assuming the elements are close-packed and reflected.  


4.7.3.4.2 Fuel Packaging Area Operations 


This section discusses normal, off-normal/accident, and bounding criticality evaluations relevant to fuel 
handling operations conducted within the FPA. The results of these analyses are summarized in 
Table 4.7-32. As noted above, Shippingport fuel handling operations are bounded by the conditions 
described for Peach Bottom and TRIGA fuels. Therefore, Shippingport fuel handling activities are not 
described. 


Normal Fuel Packaging Area Operations 


Fuel packaging operations begin with unloading the fuel from the Transfer Cask and placing the inner 
DOE fuel containers into temporary storage locations within the FPA. In the case of TRIGA fuel, the 
DOE TRIGA canister is opened while still inside the Transfer Cask. DOE TRIGA fuel buckets, each 
containing a maximum of 30 TRIGA elements, are removed one at a time and transferred into the FPA. 
The DOE TRIGA canisters themselves are not removed from the Transfer Cask. The DOE fuel containers 
and their related safety analyses are described in Appendix A of the ISF Facility SAR. 


Once in the FPA, DOE fuel containers containing Peach Bottom and TRIGA fuels are opened, and the 
fuel elements removed and packaged into the ISF baskets. During this process, no more than one fuel 
element is transferred at any given time. Once the ISF basket is filled, a lid is placed onto the basket and 
locked into place. The basket is then lifted and placed into an ISF Canister. Worktable operations may 
involve the handling of fuel fragments, single intact elements, or multiple intact elements. These fuel 
configurations are bounded by the “crushed” element and close-packed scenarios summarized in 
Table 4.7-32. Handling operations within the FPA are limited to a single fuel type at any given time. 


The handling operations described above involve a number of different geometries, including close-
packed groupings of fuel elements (symbolizing baskets of fuel, or single elements in close proximity to a 
basket of fuel), and arrays of fuel element groupings (symbolizing baskets of fuel in close proximity to 
each other). The cases analyzed to represent these normal fuel packaging operations and their results are 
summarized in Table 4.7-32. In all cases, keff remains below 0.95.  


Fuel Packaging Area Criticality Control During Off-Normal and Accident Events 


The design of the FPA, and operations conducted within the FPA, incorporate numerous features that 
serve to provide geometry control and separation. These features are described in detail in Section 5.1.3.1. 


In most instances, fuel handling operations within the FPA are carried out using the FHM hoist, a single-
failure-proof hoist that meets the requirements of NUREG-0554 and NUREG-0612, using single-failure-
proof lifting devices that meet the requirements of ANSI N14.6. Some of the DOE fuel containers have 
not been demonstrated to meet the requirements of single-failure-proof lifting devices and some fuel 
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elements (e.g., Peach Bottom core 2 elements) do not have a lifting feature that allows for positive 
engagement with a single-failure-proof device. Dropping a DOE fuel canister is discussed in 
Section 8.2.2.1, and dropping of a single fuel element is discussed in Section 8.1.2.4. As discussed above, 
the DOE TRIGA fuel buckets, containing a maximum of 30 TRIGA elements, are handled within the 
FPA. The DOE TRIGA fuel buckets have not been demonstrated to meet the requirements of single-
failure-proof lifting devices. The potential consequences of the drop of a DOE TRIGA fuel bucket are 
bounded by the following analysis of unconfined TRIGA elements with reflection by concrete on three 
sides. 


Although fuel elements are to be placed into designated, controlled locations, it is possible to place fuel 
elements in close proximity to each other outside of these locations by violating administrative controls, 
or, in the case of TRIGA fuel, a drop of a single DOE TRIGA fuel bucket containing up to 30 TRIGA 
elements may be postulated. 


To investigate the consequences of these events, several scenarios were analyzed for both the Peach 
Bottom and TRIGA fuels. These include: 


• Two closely packed groupings of 18 Peach Bottom elements side-by-side. This analysis simulates 
two DOE inner fuel containers placed near each other outside of a controlled location. In this 
scenario, keff was calculated to be 0.39. (Refer to Appendix 4A, Section 3.1 PEACH BOTTOM 
SIDE-BY-SIDE ARRAYS OF 18 ELEMENTS EACH. Section 3.1.2 contains the value of 0.39.) 


• Two TRIGA ISF baskets of 54 elements each placed side-by-side. This analysis simulates two 
TRIGA ISF baskets placed near each other outside of a controlled location, and bounds dropping 
a single TRIGA element in close proximity to or on top of baskets of TRIGA fuel. In this 
scenario, keff was calculated to be 0.57. (Refer to Appendix 4A, Section 2.2 TRIGA ISF 
BASKETS SIDE-BY-SIDE. Section 2.2.2 contains the value of 0.57.) 


• Unconfined TRIGA elements reflected on three sides by concrete. This analysis was performed to 
determine the maximum number of TRIGA fuel elements that can be safely handled in an 
uncontrolled, unconfined condition within the ISF without exceeding criticality limits. This 
analysis shows that up to 45 TRIGA fuel elements can be placed in a hexagonal array with 
concrete reflection on three sides (simulates grouping fuel elements in a corner) before the upper 
criticality safety limit is reached. (Refer to Appendix 4A, Section 2.5 TRIGA WITH THREE 
SIDES OF CONCRETE REFLECTION.) 


• A closely-packed grouping of 19 Peach Bottom fuel elements. This analysis simulates dropping a 
Peach Bottom element onto or alongside a DOE inner fuel container full of Peach Bottom fuel. In 
this scenario, keff was calculated to be 0.34. (Refer to Appendix 4A, Section 3.3 PEACH 
BOTTOM ELEMENTS IN STORAGE CANISTER.) 


• Twelve “crushed” Peach Bottom fuel elements, homogenized into a uniform mass, packed into a 
sphere, and reflected by graphite. This analysis bounds dropping a Peach Bottom core 2 elements 
back into the DOE inner fuel container during unloading operations, crushing the remaining 
11 elements within the container. In this scenario, without water moderation, keff + 2σ was 
calculated to be 0.4154. (Refer to Appendix 4A, Section 3.2 CRUSHED PEACH BOTTOM 
FUEL ASSEMBLIES MODERATED WITH GRAPHITE.) 
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Fuel Packaging Area Bounding Criticality Analyses 


The bounding scenarios evaluated for the FPA are the same as those described above for Cask Handling: 
1) crushing Peach Bottom fuel elements into a homogeneous, graphite moderated sphere; 2) close-
packing Peach Bottom fuel elements; and 3) close-packing TRIGA fuel elements. These evaluations are 
discussed above under Cask Handling Bounding Criticality Analyses, and their results summarized in 
Table 4.7-32. 


4.7.3.4.3 Canister Handling and Closure Operations 


This section discusses normal, off-normal/accident, and bounding criticality evaluations relevant to 
canister handling and closure operations conducted within the Transfer Tunnel and CCA at the ISF 
Facility. The results of these analyses are summarized in Table 4.7-33. Canister Handling operations 
within the CHM are addressed by the analyses described in Section 4.2.3.3.7.  


Normal Canister Handling and Closure Operations 


Canister handling operations involve the transfer of a single ISF Canister within the canister trolley from 
the FPA to the CCA, the welding of the canister in the CCA, and transfer of the sealed canister to the 
Storage Area. These activities are bounded by the analyses for a single ISF Canister. The results of these 
analyses are summarized in Table 4.7-33. In no case does keff approach 0.95. 


Canister Handling Criticality Control During Off-Normal and Accident Events 


The design of the ISF Canister, and operations conducted within the Transfer Tunnel and the CCA, 
incorporate numerous features that serve to provide geometry control and separation. These features are 
described in detail in Section 5.1.3.1. 


The canister trolley is designed to the applicable single-failure-proof criteria of NUREG-0554 and 
NUREG-0612. The device used to jack the ISF Canister into the CCA meets ANSI N14.6. The 
requirements of these design criteria serve to prevent the ISF Canister from being dropped or overturned 
during handling in the Transfer Tunnel. The structural analyses for the canister trolley are presented in 
Section 4.7.3.3.6. Therefore, accident scenarios involving a loss of geometry or fuel separation due to 
handling events within the Transfer Tunnel are not credible, as they require two unlikely, independent and 
concurrent or sequential events to occur. 


Canister Handling Bounding Criticality Analyses 


The bounding analyses for Canister Handling are the same as those described for Storage Area 
operations: fully flooded and fully moderated infinite arrays of canisters. These bounding analyses are 
described in Section 4.2.3.3.7, and the results summarized in Table 4.7-33. The results of these analyses 
demonstrate that keff remains below 0.95. 
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Table 4.2-1 
Vault Module Storage Tube Locations 


Number of Storage Tube 
Locations 


Vault Module 
Storage Tube Array 


Configuration 
Total Tube 
Positions 18” Tubes 24” Tubes 


Vault 1 17 x 6 102 72 30 
Vault 2 18 x 8 144 144 - 
Vault 1 + 2 - 246 216 30  
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Table 4.2-2 
DOE Canister Specification Requirements 


Design Feature Rationale 
Large Canister 


610 mm (24”) outside diameter Design basis diameter for large standardized canister for 
storage and transport of fuel. 
Can be accommodated in repository instead of HLW 
canister. 


12.7 mm (0.5”) wall thickness Structural requirements 
CG to be radially within 203 mm (8”) of canister centerline. 
CG to be vertically within 609.6 mm (24”) of canister centroid. 


Avoids lop-sided loading, to limit ANSI N14.6 stresses on 
lifting ring and skirt 


4,570 mm (180”) long canister length 
Max loaded weight 10,000 lbf 


 


3,000 mm (118”) short canister length 
Max loaded weight 8,996 lbf 


 


Small Canister 
457 mm (18”) outside diameter Design basis diameter for small standardized canister for 


storage and transport of fuel. 
Can be accommodated in the center hole of 5 pack waste 
package. 


9.53 mm (0.375”) thick Structural requirements 
CG to be radially within 127 mm (5”) of canister centerline. 
CG to be vertically within 609.6 mm (24”) of canister centroid. 


Avoids lop-sided loading, to limit ANSI N14.6 stresses on 
lifting ring and skirt 


4,570 mm (180”) long canister length 
Max loaded weight 6,000 lbf 


 


3,000 mm (118”) short canister length 
Max loaded weight 5,005 lbf 


 


All Canisters 
Helium leak check to <1x10-4 std cm3/sec ASME III, section V, article 10, appendix IV. 
Closure weld is horizontal circumferential weld, vee groove with 
backing ring 


ASME III configuration 


Shielding is not required Shielding provided by external facilities 
Lift using 12.7 mm (0.5”) thick lifting ring, 610 mm (24”) dia. or 
457 mm (18”) dia. 


ANSI N14.6 code 


Pick up from either end Allows pick up after accidental drop or tip-over 
Engraved label, visible from top Records 
Seal before transport Transport regulations 
Fill with helium gas Inert atmosphere to prevent fuel degradation 
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Table 4.2-3 
Types of ISF Canister Assemblies 


Fuel Type ISF Canister Assembly 
Peach Bottom 1 18 inch outside diameter, long, 15 feet long 
Peach Bottom 1 (ART) 18 inch outside diameter, long, 15 feet long 
Peach Bottom 2 18 inch outside diameter, long, 15 feet long 
TRIGA 18 inch outside diameter, short, 10 feet long 
Shippingport Reflector Module Type IV 24 inch outside diameter, long, 15 feet long 
Shippingport Reflector Module Type V 24 inch outside diameter, long, 15 feet long 
Shippingport Reflector Module Rods 24 inch outside diameter, long, 15 feet long 
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Table 4.2-4 
SA-530 Specification for Alloy Steel Pipe 


Nominal diameter tolerance: + 0.093”, -0.031” 
Ovality = Max OD – Min OD: 1.5% x nom OD 


Straightness: 1:960 (welded pipe) 


Nominal pipe size 18” OD


Weight tolerance: +10%, -5% 
Wall thickness 0.375” Tolerance on wall thickness: + 0%, -12.5% 


Nominal diameter tolerance: + 0.125”, -0.031” 
Ovality = Max OD – Min OD: 1.5% x nom OD 


Straightness: 1:960 (welded pipe) 


Nominal pipe size 24” OD


Weight tolerance: +10%, -5% 
Wall thickness 0.50” Tolerance: + 0%, -12.5% 
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Table 4.2-5 
Maximum/Minimum Pipe Internal Envelope Diameters 


Nominal pipe size: 18” outside diameter 
Min OD  18.00” – 0.031” = 17.969” 
Max wall thick. 0.375” (assumes no weight tolerance effect) 
Max ovality 1.5% x 18” = 0.27” ± .135” 
Min pipe ID (with ovality) 18.00” (nom.) – 0.031”(dia. tol.) – 2x0.375”(max wall) –0.135”(ovality) = 17.084” 
Max bow over 144” canister length 144” x 1/960 = 0.15” 
Min internal envelope diameter in 144” 
canister length 


17.084” (min ID with ovality) – 0.15” (canister bow) = 16.934” 


Nominal pipe size: 24” outside diameter 
Min OD  24.00” – 0.031” = 23.969” 
Max wall thick. 0.50” (assumes no weight tolerance effect) 
Max ovality 1.5% x 24” = 0.36”, ± 0.18” 
Min pipe ID (with ovality) 24.00” (nom.) – 0.031” (dia. tol.) –2x0.50” (max wall) – 0.18” (ovality) = 22.789” 
Max bow over 144” canister length  144” x 1/960 = 0.15” 
Min internal envelope diameter in 144” 
canister length 


23.789” (min ID with ovality) – 0.15” (canister bow) = 22.639” 
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Table 4.2-6 
ISF Canister Weights (in pounds) 


Item 
Peach 


Bottom 1 
Peach 


Bottom 2


Peach 
Bottom 


ART Fuel TRIGA 
Clamped 
Module IV 


Clamped 
Module V 


Loose 
Reflector 


Rods 
Basket (full) 2,102 2,102 2,029 2,010 6,217 5,139 4,354 
Shield Plug, spacer, 
basket base plate, etc. 


600 600 391 624 888 888 1,356 


Canister (empty) 1,165 1,165 1,165 792 2,124 2,124 2,110 
Canister Lid 222 222 222 222 461 461 460 
Canister (full) 4,090 4,090 3,807 3,648 9,690 8,612 8,280 
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Table 4.2-7 
ISF Canister Assembly Load Combinations 


Comb. 
No. Deadweight Pressure Handling Thermal Seismic Drop 


Acceptance 
Criteria 


Design Conditions 
Dv PD     NB-3221 


DC1 
 PEXT     NB-3133 


Service Level A 
A1 Dv PD  TSV1   
A2 Dv PD  TSV2   


NB-3222 


Service Level B 
B1 Dv PD HN    
B1(a) Dv PD  TVB   


NB-3223 


Postulated Accident Conditions (Service Level D) 
D1 Dv PD   E  
D2  PD  TSV1  AST 


NB-3225 and 
Appendix F, 


F-1341.2 


Notes: 
Loadings are defined as follows: 
Dv Mechanical Load - Loading due to deadweight (canister oriented vertically). 
PD Loading due to canister internal design pressure (conservatively, Design pressure is used in all 


load combinations). 
PEXT External Pressure during vacuum drying. 
HN Loading due to normal ISF handling – canister oriented vertically (=1.15 Dv). 
TSV1 Loading due to thermal conditions when the Storage Vault inlet air temperature is 98°F. 
TSV2 Loading due to thermal conditions when the Storage Vault inlet air temperature is –26°F. 
TVB Temperature when the vents are fully blocked. Assume 300°F. 
E Seismic loading due to earthquake. 
AST Loading due to non-mechanistic vertical canister drop in the storage tube. 
. 
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Table 4.2-8 
ISF Canister Assembly Allowable Stress Intensities–ASME Code Criteria 


Stress Type and Allowable 


Service Level 
Code 


Paragraph 
General 


Membrane Pm 
Local 


Membrane PL 


Primary Membrane + 
Bending (Pm or PL) 


+ Pb Secondary Q 


Primary + 
Secondary (Pm 
or PL) + Pb + Q 


Design Loading NB-3221 Sm 1.5 Sm 1.5 Sm NR NR 
A NB-3222 NR  NR  NR  3 Sm 3 Sm 
B NB-3223 1.1 Sm 1.65 Sm 1.65 Sm 3 Sm 3 Sm 
C NB-3224 Greater of 1.2 


Sm or Sy 
Greater of 1.8 
Sm or 1.5 Sy 


Greater of 1.8 Sm or 
1.5 Sy 


NR NR 


D (elastic basis) F-1331 Lesser of 2.4 Sm 
or 0.7 Su 


Lesser of 3.6 
Sm or Su 


Lesser of 3.6 Sm or 
Su 


NR NR 


Notes: 
NR Evaluation not required by the ASME Code. 
Sm Basic Stress Intensity. 
Sy Yield Strength. 
Su Tensile Strength. 
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Table 4.2-9 
ISF Canister Assembly Material Properties 


Temperature, °F 
Material Property Unit 70 100 200 300 400 500 600 650 
Canister Upper and Lower Heads, Lifting Rings, Impact Plate Retaining Rings, Impact plates and 
Shield Plug SA-240, Type 316L 
Elastic Modulus, E Ksi 28,300 28,100 27,600 27,000 26,500 25,800 25,300 25,100
Thermal Expansion 
Coeff., α 


10-6 
in/in/F 


8.50 8.60 8.90 9.20 9.50 9.70 9.80 9.90 


Yield Strength, Sy Ksi 25 25 21.3 19 17.5 16.4 15.6 15.3 
Ultimate Strength, Su Ksi 70 70 68.1 64 62.2 61.8 61.7 61.6 
Stress Intensity, Sm Ksi 16.7 16.7 16.7 16.7 15.8 14.8 14 13.8 
Canister Shell and Upper and Lower Impact Absorbers: SA-312, Grade TP316L 
Elastic Modulus, E Ksi 28,300 28,100 27,600 27,000 26,500 25,800 25,300 25,100
Thermal Expansion 
Coeff., α 


10-6 
in/in/F 


8.50 8.60 8.90 9.20 9.50 9.70 9.80 9.90 


Yield Strength, Sy Ksi 25 25 21.3 19 17.5 16.4 15.6 15.3 
Ultimate Strength, Su Ksi 70 70 68.1 64 62.2 61.8 61.7 61.6 
Stress Intensity, Sm Ksi 16.7 16.7 16.7 16.7 15.8 14.8 14 13.8 
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Table 4.2-10 
ISF Canister Material Stress Limits, 


SA-312 Type 316L and SA-240 Type 316L 


Service Level Stress Category(3) Allowable Stress Intensity (SI) ksi 
Pm 13.8(2) Design Load 
(Pm or PL)+ Pb 20.7(2) 
Q 50.1 A 
(Pm or PL)+ Pb + Q 50.1 
Pm 18.37 
(Pm or PL)+ Pb 27.55 
Q 50.1 


B 


(Pm or PL)+ Pb + Q 50.1 
Pm 40.08 D (Elastic Basis) 
(Pm or PL)+ Pb 60.12 
Pm 58.4 (true stress) D (Inelastic Basis)(1) 
(Pm or PL)+ Pb 82.12 (true stress) 
Pm 17.04 Testing 
Pm + Pb 28.75 


Notes: 
(1) The allowable stress intensities for Service Level D (inelastic analysis) for the austenitic steel are 


based on the following primary stress limits from F-1341.2 of Section III, Appendix F: 
The general primary membrane stress intensity Pm shall not exceed the greater of 0.7Su and Sy + 
1/3(Su – Sy). 
The maximum primary stress intensity at any location shall not exceed 0.9Su. 
As the Code allowable stresses are the nominal stresses and the elastic-plastic finite-element 
analyses provide true values of stresses and strains, the nominal allowable stresses are 
converted to true values as permitted by the Code. 


(2) Based on a temperature of 650°F. All others except testing is at 300°F. Test condition allowable 
stresses are conservatively based on 200°F. 


(3) Stress symbols are defined as follows: 
Pm – Primary General Membrane Stress 
PL  – Primary Local Membrane Stress 
Pb – Primary Bending Stress 
Q  -  Secondary Membrane Plus Bending Stress 
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Table 4.2-11 
ISF Canister Stress Results and Design Margins 


Peach Bottom 
Canister TRIGA Canister 


Shippingport 
Canister 


Service 
Level 


Loading/ 
Load 


Combination 
Note (3) Stress Category 


Allowable 
Stress 


Intensity 
(SI) ksi 


Calculated 
SI ksi 


Design 
Margin 
Note (1) 


Calculated 
SI ksi 


Design 
Margin 
Note(1) 


Calculated 
SI ksi 


Design 
Margin 
Note(1) 


Pm 13.80 1.30 9.6 1.34 9.3 1.34 9.3 DC1 
Internal 


Pressure 
(Pm or PL) + Pb 20.70 1.86 10.1 1.84 10.3 2.3 8.0 Design 


Load 
External 
Pressure 


- - - 6.9 - 8.1 - 7.0 


A A1 or A2 (Pm or PL) + Pb + Q 50.10 1.87 25.8 1.89 25.5 2.36 20.2 
Pm 18.37 1.30 13.1 1.34 12.7 1.34 12.7 


B1 
(Pm or PL)+ Pb + Q 27.55 1.89 13.6 1.87 13.7 2.38 10.5 


B 
B1(a) 


Note (4) 
(Pm or PL)+ Pb + Q 50.10 1.86 25.9 1.84 26.2 2.31 20.6 


Pm 40.08 10.97 2.6 6.09 5.6 4.43 8.0 
D1 


(Pm or PL)+ Pb  60.12 14.10 3.3 7.60 6.9 7.46 7.0 
Pm 58.40 


(true) 
42.36 0.38 46.40 0.26 35.29 0.65 D 


D2 
(Pm or PL)+ Pb 82.12 


(true) 
59.93 0.37 65.94 0.24 59.35 0.38 


Pm 17.04 1.43 10.9 1.47 10.6 1.47 10.5 Testing
Note (2)  


Pm + Pb 28.75 2.05 13.0 2.07 12.9 2.53 10.3 


Notes: 
 


(1) Design Margin for each canister type = (Allowable Stress ÷ Actual Stress) – 1. 
Loadings are defined as follows: 
(2) The testing case is based on a pneumatic test for which the test pressure is 110% of the design 


pressure 
(3) Load combinations are defined in Table 4.2-7 
(4) The tabulated primary plus secondary stress intensities are due to dead weight, internal pressure, 


and temperature (assumed 300°F for the partial vent blockage case). 
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Table 4.2-12 
Lifting Ring and Impact Absorber Allowable Stress and Design Margin 


Design Margin(1) 


Member 


Yield 
Strength 


(ksi) 


Ultimate 
Strength 


(ksi) 


Allowable 
Stress 
(ksi) 


Maximum 
Principal Tensile 


stress (ksi) 


Maximum 
Shear 


Stress (ksi) Tension Shear 
18” Canisters 
Lifting Ring 23.15 69.05 3.86 1.41 0.798 1.74 3.84 
Impact Absorber 23.15 69.05 3.86 2.75 1.44 0.40 1.68 
24” Canisters 
Lifting Ring 23.15 69.05 3.86 2.61 1.44 0.48 1.68 
Impact Absorber 23.15 69.05 3.86 3.68 1.94 0.05 0.99 


Note: 
(1) Design Margin = (Allowable Stress ÷ Actual Stress) – 1. 
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Table 4.2-13 
ISF Basket Load Combinations 


Comb. No. Deadweight Handling Thermal Seismic Acceptance Criteria 
Design Conditions – (Service Level A) 
A1 D  TD  NG-3222 
Normal/Off Normal Operating Conditions – (Service Level B) 
B1 D  TN  
B2 D HN TN  
B3 D  TO  
B4 D  TA  


NG-3223 
N14.6 


Accident Conditions – (Service Level D) 
D1 D  TN E NG-3225 


Appendix F, F-1331 


Notes:  
Loadings are defined as follows: 
D Loading due to deadweight. 
TD Loading due to design temperature. 
TN Loading due to normal temperature. 
TO Loading due to off normal temperature. 
TA Loading due to accident temperature. 
HN Loading due to normal basket handling. 
E Loading due to seismic events. 
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Table 4.2-14 
ASME III Division 1 Subsection NG Stress Limits – ISF Canister Internals Materials 


Normal/Off Normal 
Conditions (Level A/B) 


Accident Conditions 
(Level D) 


Stress Type Design Loadings 650°F 400°F 260°F 400°F 260°F 
ASME SA-693 Type 630 (17/4 Plate) 
Pm 41.9 43.8 45.0 91.8 94.5 
PL - - - 137.8 141.7 
Pm + Pb or PL + Pb 62.8 65.7 67.5 137.8 141.7 
Pm + Pb + Q - 131.4 135.0 - - 
Bearing - 89.7 94.5 - - 
ASME SA-564 Type 630 (17/4 Bar) 
Pm 43.8 45.0 87.6 90.0 
PL - - 131.4 135.0 
Pm + Pb or PL + Pb - - 131.4 135.0 
Pm + Qm 80.7 - - - 
Pm + Pb + Q 107.4  - - 
Bearing 


For Threaded Structural 
Fasteners – No Limits for 


Design Load Case 


242.2 255.2 - - 
ASME SA-213 (316L Tube) 
Pm 13.8 15.8 16.7 37.9 40.1 
PL - - - 56.9 60.1 
Pm + Pb or PL + Pb - 23.7 25.0 56.9 60.1 
Pm + Pb + Q - 47.4 50.1 - - 
Bearing 15.3 17.5 19.9 - - 
ASME SA240 (316L Plate) 
Pm 13.8 15.8 16.7 37.9 40.1 
PL - - - 56.9 60.1 
Pm + Pb or PL + Pb 20.7 23.7 25.0 56.9 60.1 
Pm + Pb + Q - 47.4 - - - 
Bearing 15.3 17.5 19.9 - - 
ASME SA 312 (316L Pipe) 
Pm 13.8 15.8 16.7  40.1 
Pm + Pb 20.7 23.7 25.0   
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Table 4.2-15 
ISF Canister Internals Material Properties 


Temperature 
oF 


Stress 
Intensity, 


Sm ksi 
Yield Stress, 


Sy ksi 
Tensile 


Stress, Su ksi
Youngs 


Modulus psi 


Thermal 
Expansion 


in/in/oF 
SA693 Type 630 / SA564 Type 630 
Ambient 45.0 105.0 135.0 28.5E6 5.9E-6 


260°F 45.0 94.5 135.0 27.4E6 5.9E-6 


400°F 43.8 89.7 131.2 26.6E6 5.9E-6 


650°F 41.9 83.6 125.5 25.2E6 5.9E-6 


SA213 Type 316L / SA240 Type 316L / SA479 Type 316L / SA312 Type 316L 
Ambient 16.7 25.0 70.0 28.3E6 8.5E-6 


260°F 16.7 19.88 65.6 27.2E6 9.1E-6 


400°F 15.8 17.5 62.2 26.5E6 9.5E-6 


650°F 13.8 15.3 61.6 25.0E6 9.8E-6 
 







ISF FACILITY 
Safety Analysis Report 


 
Rev. 4 


 


  


Table 4.2-16 
Peach Bottom ISF Basket – Tie Bar Stress Results 


Load Case 
Loads  


(mechanical component) Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety(3) 


Design Loadings Dead-weight (at 650°F) Buckling; Axial Stress 0.239 33.81 141.5 
Pm (main section) 0.239 43.8 183 
Pm (threaded end)  57.72 80.73 1.40(2) 
Shear (threaded end) 8.64 53.82 6.23 
Bearing 26.61 242.2 9.10(2) 


Normal Storage  Dead-weight 


Buckling Axial Stress 0.239 36.07 151 
Direct (threaded end) 2.109 13.5 6.40 Normal Lifting  Dead-weight and dynamic 


lifting effects Shear (in threads) 0.533 7.794 14.62 
Pm +Pb (main section) 3.21 131.4 41.0 
Pm (threaded end) 17.19 87.6 5.10 
Buckling: Axial stress 2.625 (1) 16.7 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Bending stress 0.251   


Notes: 
(1) The acceptance criteria for buckling with an axial load and a bending moment is based on the procedures in 


NUREG/CR-6322 section 6.32. 
(2) Stresses in threaded ends and bearing stresses include effect of tensile preload achieved by torque tightening to 120 


lbf-ft (to produce a preload of 16320 lbf). The preload (which is a self limiting loading) dominates the calculated stresses. 
(3) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-17 
Peach Bottom ISF Basket – Spacer Plate Stress Results 


Load Case 
Loads (mechanical 


component) Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety(5) 


Design Loadings  Dead-weight (at 650°F) Pm +Pb 0.056 62.85 1113 
Pm +Pb 0.056 65.7 1164 Normal Storage  Dead-weight 
Bearing 26.61(1) 242.2 9.10 
Pm 9.93(3) 91.84 9.25 
Pm +Pb 28.73(3) 137.8 4.79 
Pm + Pb (worst tolerance) 29.24(4) 137.8 4.71 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Ligament Buckling 28.73 89.7(2) >3.12 


Notes: 
(1) The bearing stress result is taken from the Tie-Bar calculation. Bearing stresses are for the imposed load and Tie-Bar 


pre-load due to torque tightening. 
(2) The allowable stress quoted is yield stress rather than a true buckling stress limit. This is because hand calculations 


established that the spacer plate ligaments could not buckle elastically. As the calculated ligament stresses were well 
below yield no further analysis was carried out to establish the true FOS against plastic buckling. The quoted FOS is 
conservative and is adequate to demonstrate that the design is satisfactory. In practice the FOS is expected to be well in 
excess of this value. 


(3) Conservative as the stress quoted includes peak stress component. 
(4) Allows for the 0.020” tolerance on fuel tube hole pitch. Other results are based on nominal pitch with maximum hole 


diameter. 
(5) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-18 
Peach Bottom ISF Basket – Fuel Support Tube Stress Results 


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety(4) 


Pm 0.042 13.8 332 Design Loadings  Dead-weight (at 650°F) 
Bearing 0.042 15.3 368 
Pm 0.042 15.8 380 Normal Storage  Dead-weight 
Bearing 0.042 17.5 421 
Pm 1.622 37.92 23.3 
PL + Pb 13.46(1) 56.88 4.22 
Buckling - - >3.33(2) 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Axial Load 0.457 11.50(3) 25.2 


Notes: 
(1) Conservative as PL stress quoted includes peak stress component. 
(2) The Factor of Safety against buckling was established by elastic-plastic analysis. It was established that no buckling 


arises for the simultaneous application of 5 times the 10g seismic load. In order to determine a conservative critical load 
ASME III requires a factor of 2/3 to be applied. The quoted Factor of Safety is obtained from 5 * 2/3= 3.3. 


(3) Based on ASME III Div 1 NG-3133.6 general design rule. Its use as an allowable for accident loading is therefore 
conservative. 


(4) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-19 
Peach Bottom ISF Basket – Gadolinium Phosphate Storage Tube Stress Results 


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety(4) 


Pm 0.042 13.8 331 Design Loadings  Dead-weight (at 650°F) 
Bearing 0.042 15.3 367 
Pm 0.042 15.8 379 Normal Storage  Dead-weight 
Bearing 0.042 17.5 420 
Pm 0.425 37.92 83.9 
PL + Pb 2.465(1) 56.88 23.1 
Buckling - - >3.33(2) 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Axial Load 0.458 13.5(3) 29.5 


Notes: 
(1) Conservative as PL stress quoted includes peak stress component. 
(2) Factor of Safety against buckling was established by elastic-plastic analysis. No buckling arises for the simultaneous 


application of 5 times the 10g seismic load. In order to determine a conservative critical load ASME III requires a factor of 
2/3 to be applied. The quoted Factor of Safety is obtained from 5 * 2/3 = 3.3. 


(3) Based on ASME III div 1 NG-3133.6 general design rule. Its use as an allowable for accident loading is therefore 
conservative. 


(4) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-20 
Peach Bottom ISF Basket – Basket Lid Stress Results 


Load Case Loads (mechanical component) 
Stress/Load 
Category 


Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety(2) 


Pm 0.168 13.8 81.9 Design Loadings  Dead-weight (at 650°F) 
Pm +Pb 0.216 20.7 95.9 
Pm 0.168 15.8 93.7 Normal Storage  Dead-weight 
Pm +Pb 0.216 23.7 110 


Normal Lifting  Dead-weight and dynamic lifting 
effects 


Combined Stress 1.137 3.317 2.92 


Pm 1.854 37.92 20.4 Seismic  10g vertical seismic acceleration plus 
gravity(1) Pm +Pb 2.374 56.88 24.0 


Notes: 
(1) The effect of the horizontal seismic acceleration on the lid is negligible. 
(2) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 


 







ISF FACILITY 
Safety Analysis Report 


 
Rev. 4 


 


  


Table 4.2-21 
Peach Bottom ISF Basket – Load Path Items Stress Results 


Component Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety(3)


 


Direct (Thread/Shank) 1.415 3.317 2.34 
Shear (Thread) 0.394 1.915 4.87 
Bending (Head) 0.807 3.317 4.11 
Shear (Head) 0.256 1.915 7.47 


Lifting Pintle  


Combined Stress (Head) 0.922 3.317 3.60 
Direct+Bending (Shank) 2.56 13.50 5.27 
Shear (Head) 1.026 7.794 7.59 
Combined (Head/Shank) 2.517 13.50 5.36 
Direct+Bending (Body) 1.534 13.50 8.80 


Lid Securing Pins 


Shear (Body) 2.311 7.794 3.37 
Shear 0.452 1.915 4.23 Lid Locking Plate 
Combined Stress 1.713 3.317 1.93 
Direct (Threaded end) 2.109 13.50 6.40(1)


 


Shear (Threaded end) 0.533 7.794 14.6(1)
 


Shear (Head) (2) 7.794 - 


Special Screws 


Combined (Head/Shank) (2) 13.50 - 
Combined Stress 1.123 13.50 12.0 Base Plate 
Shear (At special screw) 0.228 7.794 34.1 


Notes: 
(1) Results are identical to the Tie Bar results. 
(2) Results for Special Screw head and shank are bounded by the results for the  


lid securing pin head and shank. 
(3) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-22 
Peach Bottom ART ISF Basket – Tie Bar Stress Results 


Load Case 
Loads (mechanical 


component) Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety(3) 


Design Loadings Dead-weight (at 650°F) Buckling: Axial Stress 0.195 17.14 87.7 
Pm (main section) 0.195 43.80 224 
Pm (threaded end) 65.98 80.73 1.22(2) 
Shear 9.87 53.82 5.45 
Buckling Axial Stress 0.195 18.09 92.6(2) 


Normal Storage  Dead-weight 


Bearing 30.36 242.2 7.98 
Direct (threaded end) 2.748 13.50 4.91 Normal Lifting  Dead-weight and dynamic 


lifting effects Shear (threaded end) 0.69 7.794 11.30 
Pm +Pb (main section) 3.62 131.4 36.3 
Pm (threaded end) 15.53 87.6 5.64 
Buckling: Axial stress 2.149 (1) 10.2 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Bending stress 0.671   


Notes: 
(1) The acceptance criteria for buckling with an axial load and a bending moment is based on the procedures in 


NUREG/CR-6322 section 6.32. 
(2) Stresses in threaded ends and bearing stresses include effect of tensile preload achieved by torque tightening to 120 lbf-


ft (to produce a preload of 16320 lbf). The preload (which is a self limiting loading) dominates the calculated stresses. 
(3) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-23 
Peach Bottom ART ISF Basket – 316L Spacer Plate Stress Results 


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety(4) 


Design Loadings  Dead-weight (at 650°F) Pm +Pb - - (2) 


Pm +Pb - - (2) Normal Storage Dead-weight 
Bearing 30.36 47.25 1.56 (3) 
Pm 4.55 (1) 37.92 8.33 Seismic  10g tri-axial seismic 


acceleration plus gravity Pm +Pb 10.45 (1) 56.88 5.45 


Notes: 
(1) Conservative as the stress quoted includes peak stress component. 
(2) Not calculated as 17-4 Ph spacer plate results show this to be trivial. 
(3) Results taken from Top Plate stress analysis. 
(4) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-24 
Peach Bottom ART ISF Basket – 17-4 Ph Spacer Plate Stress Results  


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety(4) 


Design Loadings  Dead-weight (at 650°F) Pm +Pb 1.123(3) 62.85 56.0 
Pm +Pb 1.123(3) 65.7 58.5 Normal Storage Dead-weight 
Bearing 30.36(1) 242.2 7.98 
Pm 15.44(2,3) 91.84 5.95 Seismic  10g tri-axial seismic 


acceleration plus gravity Pm +Pb 31.32(2,3) 137.8 4.40 


Notes: 
(1) The bearing stress result is taken from the tie-bar calculation. Bearing stresses are for the imposed load and tie-bar pre-


load due to torque tightening. 
(2) Conservative as the stress quoted includes peak stress component. 
(3) Vertical loads conservatively include fuel and gadolinium phosphate tube masses. Results bound adapter plate. 
(4) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-25 
Peach Bottom ART ISF Basket – Fuel Support Tube Stress Results 


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (3) 


Pm 0.041 13.8 338 Design Loadings  Dead-weight (at 650°F) 
Bearing 0.041 15.3 375 
Pm 0.041 15.8 387 Normal Storage  Dead-weight 
Bearing 0.041 17.5 429 
Pm 1.657 37.92 22.9 
PL + Pb 17.61(1) 56.88 3.23 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Buckling - - >3.33(2) 


Notes: 
(1) Conservative as PL stress quoted includes peak stress component. 
(2) The Factor of Safety against buckling was established by elastic-plastic analysis. It was established that no buckling 


arises for the simultaneous application of 5 times the 10g seismic load. In order to determine a conservative critical load 
ASME III requires a factor of 2/3 to be applied. The quoted Factor of Safety is obtained from 5 * 2/3= 3.3. 


(3) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-26 
Peach Bottom ART ISF Basket – Gadolinium Phosphate Storage Tube Stress Results 


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (3) 


Pm 0.043 13.8 323 Design Loadings  Dead-weight (at 650°F) 
Bearing 0.043 15.3 358 
Pm 0.043 15.8 370 Normal Storage  Dead-weight 
Bearing 0.043 17.5 410 
Pm 1.38 37.92 27.4 
PL + Pb 5.62 (1) 56.88 10.1 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Buckling - - >3.33(2) 
Notes: 
(1) Conservative as PL stress quoted includes peak stress component. 
(2) Factor of Safety against buckling was established by elastic-plastic analysis. No buckling arises for the simultaneous 


application of 5 times the 10g seismic load. In order to determine a conservative critical load ASME III requires a factor 
of 2/3 to be applied. The quoted Factor of Safety is obtained from 5 * 2/3 = 3.3. 


(3) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-27 
Peach Bottom ART ISF Basket – Basket Lid Stress Results 


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (2) 


Pm 0.127 13.8 108 Design Loadings  Dead-weight (at 650°F) 
Pm +Pb 0.175 20.7 118 
Pm 0.127 15.8 123 Normal Storage  Dead-weight 
Pm +Pb 0.175 23.7 135 


Normal Lifting  Dead-weight and dynamic 
lifting effects 


Combined Stress 1.17 3.317 2.83 


Pm 1.40 37.92 27.0 Seismic  10g vertical seismic 
acceleration plus gravity (1) Pm +Pb 1.93 56.88 29.5 


Notes: 
(1) The effect of the horizontal seismic acceleration on the Lid is negligible. 
(2) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-28 
Peach Bottom ART ISF Basket – Load Path Items Stress Results 


Component Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety 


(4) 
Direct (Thread/Shank) 1.373 3.317 2.41 
Shear (Thread) 0.382 1.915 5.01 
Bending (Head) 0.783 3.317 4.23 
Shear (Head) 0.249 1.915 7.69 


Lifting Pintle  


Combined Stress (Head) 0.895 3.317 3.71 
Direct+Bending (Shank) 3.232 13.50 4.18 
Shear (Head) 1.328 7.794 5.87 
Combined (Head/Shank) 3.231 13.50 4.18 
Direct+Bending (Body) 1.956 13.50 6.90 


Lid Securing Pins 


Shear (Body) 2.939 (3) 7.794 2.65 
Shear 0.772 1.915 2.48 Lid Locking Plate 
Combined Stress 2.126 3.317 1.56 
Direct (Threaded end) 2.75 13.50 4.91 (1)


 


Shear (Threaded end) 0.69 7.794 11.3 (1)
 


Shear (Head) (2)
 7.794 - 


Special Screws 


Combined (Head/Shank) (2)
 13.50 - 


Adapter Plate Combined Stress 1.291 13.50 10.4 
Combined Stress 1.071 3.317 3.10 Base Plate 
Shear (At special screw) 0.295 1.915 6.49 


Notes: 
(1) Results are identical to the Tie Bar results. 
(2) Stresses and FOS for the Special Screw head and shank will be bounded by those calculated for 


the Lid Securing Pin head and shank (as this is less substantial and is loaded non-uniformly around 
its periphery). 


(3) Shear area used to calculate this stress is conservative. 
(4) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-29 
TRIGA ISF Basket – Tie Bar Stress Results 


Load Case 
Loads (mechanical 


component) Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (4) 


Design Loadings  Dead-weight (at 650°F) Buckling: Axial Stress 0.389 23.77 61.1 


Pm (main section) 0.389 45.0 116 
Pm (threaded end) 60.15 85.07 1.41(2) 


Buckling: Axial Stress 0.389 26.01 66.8 


Normal Storage  Dead-weight 


Bearing 20.12 255.2 12.7(2) 


Pm +Pb (main section) 5.243 90.0(3) 17.2 
Pm +Pb (threaded end) 28.26 90.0(3) 3.19 
Buckling: Axial stress 4.282 (1) 7.58 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Bending stress 0.48   


Notes: 
1. The acceptance criteria for buckling with an axial load and a bending moment are based on the procedures in 


NUREG/CR-6322 Section 6.3.2. 
2. Stresses in threaded ends include the effect of pre-load. The preload dominates the calculated stresses. 
3. Conservatively using the Pm stress limit to assess Pm+Pb stresses. 
4. Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 


 







ISF FACILITY 
Safety Analysis Report 


 
Rev. 4 


 


  


Table 4.2-30 
TRIGA ISF Basket – Lid Support Pins Stress Results 


Load Case 
Loads (mechanical 


component) Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (2) 


Design Loadings  Dead-weight (at 650°F) Buckling: Axial Stress 0.537 45.57 84.9 
Pm 0.537 45.0 83.8 
Buckling: Axial Stress 0.537 51.39 95.7 


Normal Storage  Dead-weight 


Bearing 26.08 255.2 9.79 
Pm +Pb (main section) 6.033 90.0 14.92 
Buckling: Axial stress 5.905 (1) 9.52 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Bending stress 0.128   


Notes: 
(1) The acceptance criteria for buckling with an axial load and a bending moment is based on the procedures in 


NUREG/CR-6322 section 6.3.2. 
(2) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-31 
TRIGA ISF Basket – Spacer Plates Stress Results 


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (4) 


Design Loadings  Dead-weight (at 650°F) Pm +Pb 0.079 41.9(3) 531 
Pm +Pb 0.079 45.0(3) 570 Normal Storage  Dead-weight 
Bearing 20.12(1) 255.2 12.7 
Pm 9.84 94.5 9.60 
Pm +Pb 30.72 141.75 4.61 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Buckling check 30.72 94.52(2) >3.08 


Notes: 
(1) The bearing stress result is taken from the Tie-Bar calculation. Bearing stresses are for the imposed load and include 


Tie-Bar connection pre-load due to torque tightening. 
(2) The allowable stress quoted is yield stress at 260oF rather than a true buckling stress limit. This is because hand 


calculations established that the disc ligaments could not buckle elastically. As the calculated ligament stresses were 
well below yield no further analysis was carried out to establish the true FOS against plastic buckling. The quoted FOS is 
conservative and is adequate to demonstrate that the design is satisfactory. In practice the FOS is expected to be well in 
excess of this value. 


(3) Conservatively using the membrane allowable for the Pm +Pb stress check rather than separate checks for Pm and Pb 
(note high FOS). 


(4) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-32 
TRIGA ISF Basket – Fuel Support Tube Stress Results 


Load Case 
Loads (mechanical 


component) Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (4) 


Pm 0.007 13.8 1890 
Compression 0.007 11.4 1562 


Design Loadings  Dead-weight (at 650°F) 


Bearing 0.007 15.3 2096 
Pm 0.007 16.7 2288 Normal Storage  Dead-weight 
Bearing 0.007 19.9 2723 
Pm 3.1 40.1(1) 12.9 
PL 25.7(3) 60.1 2.34 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Buckling   >3.33(2) 


Notes: 
(1) Conservatively using the membrane allowable for the Pm +Pb stress check rather than separate checks for Pm and Pb. 
(2) The Factor of Safety against buckling was established by elastic-plastic analysis. It was established that no buckling 


arises for the simultaneous application of 5 times the 10g seismic load In order to determine a conservative critical load 
ASME III requires a factor of 2/3 to be applied. The quoted Factor of Safety is obtained from 5 * 2/3 = 3.33. 


(3) PL stress quoted conservatively includes peak stress component. 
(4) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-33 
TRIGA ISF Basket – Gadolinium Phosphate Storage Tube Stress Results 


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of Safety 
(4) 


Pm 0.007 13.8 1890 
Compression 0.007 11.4 1562 


Design Loadings  Dead-weight (at 650°F) 


Bearing 0.007 15.3 2096 
Pm 0.007 16.7 2288 Normal Storage  Dead-weight 
Bearing 0.007 19.9 2723 
Pm +Pb 2.70 40.1(1) 14.9 
PL 24.9(3) 60.1 2.41 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Buckling   >3.33(2) 


Notes: 
(1) Conservatively using the membrane allowable for the Pm +Pb stress check rather than separate checks for Pm and Pb. 
(2) Factor of Safety against buckling was established by elastic-plastic analysis. It was established that no buckling arises 


for the simultaneous application of 5 times the 10g seismic load In order to determine a conservative critical load ASME 
III requires a factor of 2/3 to be applied. The quoted Factor of Safety is obtained from 5 * 2/3 = 3.33. 


(3) PL stress quoted conservatively includes peak stress component. 
(4) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-34 
TRIGA ISF Basket – Basket Lid Stress Results 


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (1) 


Design Loadings  Dead-weight (at 650°F) Pm 
Pm +Pb 
Bearing 
Shear 


0.336 
0.597 
0.479 
0.083 


13.8 
20.7 
15.3 
8.28 


41.1 
34.7 
31.9 
99.8 


Normal Storage  Dead-weight Pm 
Pm +Pb 
Bearing 
Shear 


0.336 
0.597 
0.479 
0.083 


16.7 
25.1 
19.9 
10.0 


49.7 
42.0 
41.5 
121 


Normal Lifting  Dead-weight and dynamic 
lifting effects 


Combined Stress 0.782 3.317 4.24 


Seismic  10g vertical seismic 
acceleration plus gravity 


Pm 
Pm +Pb 
Shear 


3.69 
6.56 
0.94 


40.1 
60.1 
27.6 


10.9 
9.16 
29.4 


Note: 


(1) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-35 
TRIGA ISF Basket – Top Plate Stress Results 


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (1) 


Design Loadings  Dead-weight (at 650°F) Pm 
Pm +Pb 
Shear 


0.033 
0.101 
0.003 


41.9 
62.85 
25.14 


1270 
622 
8380 


Normal Storage  Dead-weight Pm 
Pm +Pb 
Shear 


0.033 
0.101 
0.003 


45.0 
67.5 
27.0 


1364 
668 
9000 


Seismic  10g vertical seismic 
acceleration plus gravity 


Pm 
Pm +Pb 
Shear 


2.53 
8.03 
0.17 


94.5 
141.75 
56.7 


37.4 
17.7 
334 


Note: 


 (1) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-36 
TRIGA ISF Basket – Base Plate and Support Stress Results 


Load Case 
Loads (mechanical 


component) Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (3) 


Pm in Base 
Pm + Pb in Base 
Shear in Base 


0.415 
0.659 
0.358 


41.9 
62.85 
25.14 


101 
95.4 
69.8 


Design Loadings  Dead-weight (at 650°F) 


Pm in Support 
Pm+Pb in Support 
Axial Compression in 
Support 


0.343 
0.460 
0.343 


13.8 
20.7 
11.4 


40.2 
45.0 
33.2 


Pm in Base 
Pm + Pb in Base 
Shear in Base 
Bearing in Base 


0.415 
0.659 
0.358 


20.12(1) 


45.0 
67.5 
27.0 
255.2 


108 
102 
75.4 
12.68 


Normal Storage  Dead-weight 


Pm in Support 
Pm+Pb in Support 


0.343 
0.460 


16.7 
25.05 


48.7 
54.5 


Normal Lifting  Dead-weight and dynamic 
lifting effects 


Combined Stress 
 Support 
 Base 
Tension (Screws) 


 
0.885 
1.162 
0.665 


 
3.317 
13.5 
16.14 


 
3.75 
11.6 
24.3 


Pm in Base 
Pm + Pb in Base 
Shear in Base 


4.56 
7.24 
3.94 


94.5 
141.8 
56.7 


20.7 
19.6 
14.4 


Pm in Support 
Pm+Pb in Support 
Buckling in Support 


5.0 
7.35 


- 


40.1 
60.1 


- 


8.02 
8.18 


>3.33(2) 


Seismic  10g seismic accelerations 
plus gravity 


Pm+Pb in Clamps 
Combined Stress (Screws) 


4.15 
20.13 


94.5 
119.6 


22.8 
5.94 


Notes: 
(1) Bearing stresses in the base plate under the head of the special screw includes the effect of pre-load. 
(2) The Factor of Safety against buckling was established by elastic-plastic analysis. It was established that no buckling 


arises for the simultaneous application of 5 times the 10g seismic load. In order to determine a conservative critical load 
ASME III requires a factor of 2/3 to be applied. The quoted Factor of Safety is obtained from 5 * 2/3 = 3.33. 


(3) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-37 
TRIGA ISF Basket – Load Path Items Stress Results 


Component Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety 


(1)
 


Direct (Thread / Shank) 0.676 3.317 4.90 
Shear (Thread) 0.188 1.915 10.18 
Bending (Head) 0.386 3.317 8.59 
Shear (Head) 0.123 1.915 15.62 


Lifting Pintle  


Combined Stress (Head) 0.441 3.317 7.53 
Direct+Bending (Shank) 2.051 3.317 1.62 
Shear (Head) 0.785 1.915 2.44 


Lid Securing Pins 


Combined (Head / Shank) 1.904 3.317 1.74 
Shear 0.454 1.915 4.22 Lid Locking Plate 
Combined Stress 1.568 3.317 2.12 


Note: 
(1) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-38 
Shippingport Reflector Rod ISF Basket – Tie Bar Stress Results 


Load Case 
Loads (mechanical 


component) Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (3) 


Design Loadings Dead-weight (at 650°F) Buckling: Axial Stress 0.458 27.36 59.7 
Pm (main section) 0.244 44.4 182 
Pm + Qm (threaded end) 59.25 80.73 1.36 (2)  
Shear (threaded end) 8.866 53.82 6.07 
Buckling Axial Stress 0.458 29.16 63.7 


Normal Storage  Dead-weight 


Bearing 29.04 242.2 8.33 (2) 
Direct (threaded end) 2.913 13.5 4.63 Normal Lifting  Dead-weight and dynamic 


lifting effects Shear (threaded end) 0.442 7.794 17.65 
Pm (main section) 2.69 87.6 32.6 
Pm + Pb (main section) 3.591 131.4 36.6 
Pm (threaded end) 37.81 87.6 2.31 
Buckling: Axial stress 5.040 (1) 7.19 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Bending stress 0.393   


Notes: 
(1) The acceptance criteria for buckling with an axial load and a bending moment is based on the procedures in 


NUREG/CR-6322 section 6.32. 
(2) Stresses in threaded ends and bearing stresses include effect of tensile preload achieved by torque tightening to 120 lbf-


ft (to produce a preload of 16320 lbf). The preload (which is a self limiting loading) dominates the calculated stresses. 
(3) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-39 
Shippingport Reflector Rod ISF Basket – Spacer Plate Stress Results 


Load Case 
Loads (mechanical 


component) Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (4) 


Design Loadings  Dead-weight (at 650°F) Pm + Pb 0.087 41.9 (3) 482 
Pm + Pb 0.087 43.8 (3) 504 Normal Storage  Dead-weight 
Bearing 29.04(1) 242.2 8.33 
Pm 14.46 91.84 6.35 
Pm +Pb 19.51 137.8 7.06 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Ligament Buckling 19.51 89.7(2) >4.8 
Notes: 
(1) The bearing stress result is taken from the Tie-Bar calculation. Bearing stresses are for the imposed load and Tie-Bar 


pre-load due to torque tightening. 
(2) The allowable stress quoted is yield stress rather than a true buckling stress limit. This is because hand calculations 


established that the spacer plate ligaments could not buckle elastically. As the calculated ligament stresses were well 
below yield no further analysis was carried out to establish the true FOS against plastic buckling. The quoted FOS is 
conservative and is adequate to demonstrate that the design is satisfactory. In practice the FOS is expected to be well in 
excess of this value. 


(3) Conservative as the membrane allowable stress used for the Pm + Pb stress check rather than separate checks for Pm 
and Pb. 


(4) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-40 
Shippingport Reflector Rod ISF Basket – Fuel Support Tube Stress Results 


Load Case 
Loads (mechanical 


component) Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (3) 


Pm 0.032 13.8 435 Design Loadings  Dead-weight (at 650°F) 
Bearing 0.032 15.3 482 
Pm 0.032 15.8 498 Normal Storage  Dead-weight 
Bearing 0.032 17.5 552 
Pm 1.94 37.92 19.7 
PL 14.0 (1) 56.88 4.06 


Seismic  10g tri-axial seismic 
acceleration plus gravity 


Buckling - - >3.33(2) 


Notes: 
(1) Conservative as PL stress quoted includes peak stress component. 
(2) The Factor of Safety against buckling was established by elastic-plastic analysis. It was established that no buckling 


arises for the simultaneous application of 5 times the 10g seismic load. In order to determine a conservative critical load 
ASME III requires a factor of 2/3 to be applied. The quoted Factor of Safety is obtained from 5 * 2/3= 3.3. 


(3) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-41 
Shippingport Reflector Rod ISF Basket – Basket Lid Stress Results 


Load Case 
Loads (mechanical 


component) 
Stress/Load 


Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety (2) 


Design Loadings  Dead-weight (at 650°F) Pm 
Pm + Pb 


0.209 
0.749 


13.8  
20.7 


66.0 
27.7 


Normal Storage  Dead-weight Pm 
Pm + Pb 


0.209 
0.749 


15.8 
23.7 


75.5 
31.6 


Normal Lifting  Dead-weight and dynamic 
lifting effects 


Combined Stress 2.614 3.317 1.27 


Seismic  10g vertical seismic 
acceleration plus gravity (1) 


Pm 
Pm + Pb 


2.30 
8.24 


37.92 
56.88 


16.49 
6.91 


Notes: 
(1) The effect of the horizontal seismic acceleration on the Lid is negligible. 
(2) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-42 
Shippingport Reflector Rod ISF Basket – Base Plate Stress Results 


Load Case 
Loads (mechanical 


component) Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses 


(ksi) 
Factor of 
Safety (2) 


Design Loadings  Dead-weight (at 650°F) Pm + Pb 1.40 62.8 44.9 
Normal Storage  Dead-weight Pm + Pb 


Bearing (at special screw) 
1.40 
29.04 


65.7 
242.2 


47.0 
8.33 (1) 


Normal Lifting  Dead-weight and dynamic 
lifting effects 


Combined Stress 2.34 13.50 5.77 


Seismic  10g vertical seismic 
acceleration plus gravity 


Pm +Pb 15.38 137.8 8.96 


Notes: 
(1) The bearing stress in the base plate under the head of the special screw includes the effect of preload. 
(2) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.2-43 
Shippingport Reflector Rod ISF Basket – Load Path Items Stress Results 


Component Stress/Load Category 
Calculated 
Stress (ksi) 


Allowable 
Stresses (ksi) 


Factor of 
Safety 


(1)
 


Direct (Thread / Shank) 2.93 3.317 1.13 
Shear (Thread) 0.815 1.915 2.35 
Bending (Head) 1.673 3.317 1.98 
Shear (Head) 0.531 1.915 3.60 


Lifting Pintle  


Combined Stress (Head) 1.909 3.317 1.74 
Direct+Bending (Shank) 4.795 13.50 2.81 
Shear (Head) 1.417 7.794 5.50 


Lid Securing Pins 


Combined (Head / Shank) 4.07 13.50 3.31 
Shear 0.833 1.915 2.30 Lid Locking Plate 
Combined Stress 2.994 3.317 1.11 


Note: 
(1) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 







ISF FACILITY 
Safety Analysis Report 


 
Rev. 4 


 


  


Table 4.2-44 
Storage Tube Load Combinations 


Comb. No. Dead-weight Pressure Thermal Earthquake Drop Acceptance Criteria 
Design Conditions 


DC1 DV PD    NC-3217, Appendix XIII 
Normal Operating Conditions (Service Level A) 


A1 DV PD TSV1   
A2 DV PD TSV2   


NC-3217, Appendix XIII 


Off-Normal Operating Conditions (Service Level B) 
B1 DV PD TVB1   NC-3217, Appendix XIII 


Postulated Accident Conditions (Service Level D) 
D1 DV PD TSV1 E  
D2     AD1 
D3     AD2 


NC-3217, Appendix XIII, F-
1341.2 


 
Loadings are defined as follows: 
DV Loading due to deadweight of components. 
PD Loading due to storage tube internal design pressure. 
TSV1 Loading due to thermal condition when the storage vault temperature is 98°F. 
TSV2 Loading due to thermal condition when the storage vault temperature is –26°F. 
TVB1 Loading due to thermal condition when the storage vault vents are blocked. In both 25% and 50% storage tube vent 


blockage cases, the storage tube temperature is conservatively assumed to be 300 °F. 
E Seismic loading due to earthquake. 
AD1 Loading due to tube plug drop onto Storage Tube. 
AD2 Loading due to canister drop onto Storage Tube. 
 
Load combination D1 is used for calculating design load for the storage tube lid bolts. 
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Table 4.2-45 
Storage Tube Allowable Stress Intensity Limits – ASME Code Criteria 


Stress Type and Allowable 
Service Level 


(NC-3217) General Membrane Local Membrane 
Primary Membrane + 


Bending 
Primary Plus Secondary 


Membrane + Bending 
Symbol(1) Pm PL (Pm or PL) + Pb (Pm or PL) + Pb + Q 
Code Para. XIII-1142 XIII-1143 XIII-1144 XIII-1145 
Design Loading Sm 1.5 Sm 1.5 Sm Evaluation not req’d. 
A Sm 1.5 Sm 1.5 Sm 3 Sm (2) 


B 1.1 Sm 1.65 Sm 1.65 Sm 3 Sm (2) 


C 1.2 Sm 1.8 Sm 1.8 Sm (3) Evaluation not required 
D(4) 0.7Su Su Su Evaluation not required 


Notes: 


(1) The symbols Pm, PL, Pb and Q do not represent single quantities but rather sets of six quantities representing the six 
stress components.σt, σl, σr, τ lt, τ lr, and τ rt. 


(2) When the secondary stress is due to a temperature excursion at the point at which the stresses are being analyzed, the 
value of Sm shall be taken as the average of the values tabulated in Section II, Part D, Subpart 1, Tables 2A and 2B for 
the highest and the lowest temperature of the metal during the transient. 


(3) Values shown are applicable when PL ≤ 0.67Sy. When PL > 0.67Sy, use [2.5-1.5(PL/Sy)] (kSm). This relationship only 
applies to Service Level C. However for this analysis there are no load combinations that implement Service Level C. 


(4) For a complete analysis performed in accordance with NC-3211.1, the stress limits of Appendix F are applied. For elastic 
analysis methods, the Service Level D acceptance criteria of F-1331.1 are used. The allowables listed above are applied 
to elastic analysis. 
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Table 4.2-46 
Storage Tube Assembly Material Properties 


Temperature, °F 
Material Property Unit 70 100 200 300 400 500 600 650 


Storage Tube Body: SA-333, Grade 6 
Elastic Modulus, E Ksi 29,500 29,300 28,800 28,300 27,700 27,300 26,700 26,100 
Ther. Expansion Coeff., α 10-6 in/in/F 6.40 6.50 6.70 6.90 7.10 7.30 7.40 7.50 
Yield Strength, Sy Ksi 35.0 35.0 32.1 31.0 29.9 28.5 26.8 25.9 
Ultimate Strength, Su Ksi 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 
Stress Intensity, Sm Ksi 20.0 20.0 20.0 20.0 20.0 18.9 17.3 16.9 
Storage Tube Top and Bottom Forging: SA-350, Grade LF2 
Elastic Modulus, E Ksi 29,500 29,300 28,800 28,300 27,700 27,300 26,700 26,100 
Ther. Expansion Coeff., α 10-6 in/in/F 6.40 6.50 6.70 6.90 7.10 7.30 7.40 7.50 
Yield Strength, Sy Ksi 36.0 36.0 33.0 31.8 30.8 29.3 27.6 26.7 
Ultimate Strength, Su Ksi 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 
Stress Intensity, Sm Ksi 23.3 23.3 21.9 21.3 20.6 19.4 17.8 17.4 
Storage Tube Lid and Lid Cover Plate: SA-516, Grade 55 
Elastic Modulus, E Ksi 29,500 29,300 28,800 28,300 27,700 27,300 26,700 26,100 
Ther. Expansion Coeff., α 10-6 in/in/F 6.4 6.5 6.7 6.9 7.1 7.3 7.4 7.5 
Yield Strength, Sy Ksi 30.0 30.0 27.5 26.5 25.6 24.4 23.0 22.2 
Ultimate Strength, Su Ksi 55.0 55.0 55.0 55.0 55.0 55.0 55.0 55.0 
Stress Intensity, Sm Ksi 18.3 18.3 18.3 17.7 17.2 16.2 14.8 14.5 


Storage Tube Lid Bolts and Lid Cover Bolts: SA-193, Grade B7 
Elastic Modulus, E Ksi 29,700 29,500 29,000 28,500 27,900 27,500 26,900 26,600 
Ther. Expansion Coeff., α 10-6 in/in/F 6.4 6.5 6.7 6.9 7.1 7.3 7.4 7.5 
Stress Intensity, Sm Ksi 35.0 35.0 32.6 31.4 30.5 29.5 28.4 27.6 
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Table 4.2-47 
Storage Tube Allowable Stress Intensities 


Service Level Temp.(1) 


Design 
Stress 


Intensity 
Ultimate 
Strength 


General 
Membrane 


Local 
Membrane 


Primary Membrane + 
Bending 


Secondary 
Membrane + Bending 


  Sm Su Pm PL (Pm or PL) + Pb (Pm or PL) + Pb + Q 
 °F ksi ksi ksi ksi ksi ksi 


Tube Body, SA-333 Grade 6 
Design Loading 300 20.0 60.0 20.0 30.0 30.0 n/a 
A -40 20.0 60.0 20.0 30.0 30.0 60.0 
 200 20.0 60.0 20.0 30.0 30.0 60.0 
B -40 20.0 60.0 22.0 33.0 33.0 60.0 
 200 20.0 60.0 22.0 33.0 33.0 60.0 
 300 20.0 60.0 22.0 33.0 33.0 60.0 
D (elastic) 200 20.0 60.0 42.0 60.0 60.0 n/a 
D (plastic)(2) 200 n/a 60.0 42.0 54.0 54.0 n/a 
Testing3 200 20.0 Sy=32.1 25.6 25.6 43.3 n/a 
Tube Top and Base Plate Forgings, SA-350 Grade LF2 
Design Loading 300 21.3 70.0 21.3 31.9 31.9 n/a 
A -40 23.3 70.0 23.3 34.9 34.9 69.9 
 200 21.9 70.0 21.9 32.8 32.8 65.7 
B -40 23.3 70.0 25.6 38.4 38.4 69.9 
 200 21.9 70.0 24.0 36.1 36.1 65.7 
 300 21.3 70.0 23.4 35.1 35.1 63.9 
D (elastic) 200 21.9 70.0 49.0 70.0 70.0 n/a 
D (plastic)(2) 200 n/a 70.0 49.0 63.0 63.0 n/a 
Testing3 200 21.9 Sy=33.0 26.4 26.4 44.5 n/a 
Storage Tube and Lid Cover Plate, SA-516 Grade 55 
Design Loading 300 17.7 55.0 17.7 26.5 26.5 n/a 
A -40 18.3 55.0 18.3 27.4 27.4 54.9 
 200 18.3 55.0 18.3 27.4 27.4 54.9 
B -40 18.3 55.0 20.1 30.2 30.2 54.9 
 200 18.3 55.0 20.1 30.2 30.2 54.9 
 300 17.7 55.0 19.4 29.2 29.2 53.1 
D (elastic) 200 18.3 55.0 38.5 55.0 55.0 n/a 
D (plastic)(2) 200 n/a 55.0 38.5 49.5 49.5 n/a 
Testing(3) 200 18.3 Sy=27.5 22.0 22.0 37.1 n/a 


Notes: 


(1) Material property values tabulated in Section II, Part D, Subpart 1, Tables 2A and 2B have a minimum temperature listed 
of –20 °F. This value is also used for –40 °F. 


(2) The allowable stress intensities of this table are nominal values determined from the Code. The Level D plastic nominal 
stress intensity values listed above are converted to true stress intensity allowables to compare to the calculated 
stresses. 


(3) Membrane plus bending allowables listed for testing are for Pm ≤ 0.67 Sy. For 0.67 Sy < Pm ≤ 0.8 Sy, the allowable for 
membrane plus bending is (2.15 –y – 1.2 Pm). 
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Table 4.2-48 
Storage Tube Stress Results and Design Margins 


18-inch Storage Tube 24-inch Storage Tube 
Service 


Condition 
Load 


Comb. 
Stress 


Category 


Allowable 
Stress 


Intensity (ksi) 
Calc. SI 


(ksi) Component 
Design 
Margin 


Calc. SI 
(ksi) Component 


Design 
Margin 


Pm 20.0 1.31 Tube Body 14.2 2.06 Tube Body 8.7 DC1 
Internal 


Pressure 
Pm + Pb 26.5 2.01 Storage Tube 


Lid 
12.1 3.22 Storage Tube 


Lid 
7.2 


Design 
External 
Pressure 


    9.0   1.8 


A A1, A2 Pm + Pb + Q 54.9 2.01 Storage Tube 
Lid 


26.3 3.23 Storage Tube 
Lid 


16.0 


B B1 Pm + Pb + Q 53.1 2.01 Storage Tube 
Lid 


25.4 3.22 Storage Tube 
Lid 


15.4 


Pm 42.0 5.95 Tube Body 6.0 12.17 Tube Body 2.4 
D (elastic) D1 


Pm + Pb 60.0 8.63 Tube Body 5.9 15.40 Tube Body 2.9 
Pm 46.50 (true) 41.28 Tube Body 0.12 37.68 Tube Body 0.23 D 


(plastic)(1) D3 
Pm + Pb 66.72 (true) 42.08 Tube Body 0.58 42.67 Tube Body 0.56 


 Pm 25.6 1.44 Tube Body 16.7 2.27 Tube Body 10.2 
Testing  Pm + Pb 37.1 2.21 Storage Tube 


Lid 
15.7 3.54 Storage Tube 


Lid 
9.4 


Notes: 


1. The Code stress intensity limits are in terms of nominal stresses. The limits for Level D plastic analysis are the true values 
of stresses that are used to compare with the calculated true stresses as permitted by the Code. 


2. Design Margin = (Allowable Stress ÷ Actual Stress) – 1. 
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Table 4.2-49 
Vault Bounding Heat Loads and Mixes 


Storage Positions 
Canister Heat Loads Storage Vault 1 Storage Vault 2 


18 inch Canisters with 40W 60 132 
18 inch Canisters with 120W 12 12 
24 inch Canisters with 40W 16 - 
24 inch Canisters with 120W 14 - 
Number of vault Storage Tubes 102 144 


Total Heat Load 
Vault Heat Load 6160 Watt 6720 Watt 
Total System Heat Load 12880 Watt 


 







ISF FACILITY 
Safety Analysis Report 


 
Rev. 4 


 


  


Table 4.2-50 
Ambient Temperature Boundary Conditions 


Location Temperature Range 
External Environment – Normal -26°F to +98°F 
External Environment – Off Normal / Accident -40°F to +101°F 
Fuel Packaging Area – Normal  +50°F to +90°F 
Fuel Packaging Area – Off Normal / Accident -26°F to +156°F 
Transfer Tunnel – Normal  +50°F to +90°F 
Transfer Tunnel – Off Normal / Accident -26°F to +163°F 
CCA – Normal  +70°F to +80°F 
CCA – Off Normal  -26°F to +139°F 
Upper Storage Area – Normal  +40°F to +100°F 
Upper Storage Area – Off Normal / Accident -26°F to +154°F 
CHM fuel loading/unloading operations +32°F to +104°F 
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Table 4.2-51 
Surface Thermal Emissivity 


Surface/Material 
Thermal 


Emissivity 
Fuel Bucket Operation Station E = 0.25 
Decanning Station E = 0.25 
ISF Canister E = 0.25 
ISF Canister Cask – internal E = 0.82 
ISF Canister Cask – external E = 0.80 
CHM Guide Sleeve E = 0.82 
CHM Steel Shielding – internal E = 0.82 
CHM Steel Shielding – external E = 0.80 
CHM JABROC (painted) E = 0.80 
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Table 4.2-52 
Fuel Decay Heat Outputs 


Heat Output (Watts) 


Fuel Type 
Nominal 


Per Element1 
Maximum 


Per Canister 
Peach Bottom Core 1 0.053 0.53 
Peach Bottom Core 2  3.28 32.8 
Peach Bottom Core 1 ART 0.053 0.37 
TRIGA (Aluminum & Stainless Steel) 0.33 35.3 
Shippingport Reflector Rod 0.043 5.5 
Shippingport Reflector IV Module 9.8 9.8 
Shippingport Reflector V Module 7.1 7.1 
Bounding Heat Output - 40 
Bounding High Heat Output - 120 


 


                                                      
1 Nominal decay heat output per fuel element based on decay to the year 2004. 
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Table 4.2-53 
Allowable Temperature Limits 


Temperature Limits 


Component Normal Short Term 


Peach Bottom Fuel (1, 2 & ART) (1) 572° F 572° F 


TRIGA (Aluminum Clad) (2) 400° F 400° F 


TRIGA (Stainless Steel Clad) (3) 800° F 800° F  


Shippingport Reflector Rods (loose) (4) 612° F 1058° F 


Shippingport Reflector Modules (4) 612° F 1058° F 


ISF Basket (17-4 Ph) (3) 


ISF Basket (Stainless Steel) (3) 


650° F 


800° F 


650° F 


800° F 


ISF Canister (3) 800° F 800° F 


Storage Tube (3) 700° F 700° F 


Concrete (5) 150° F / 200° F 350° F 


ISF Canister Cask Shield Wall (3)  700° F 700° F 


CHM Shield Wall (3) 700° F 700° F 


CHM Guide Tube (3) 700° F 700° F 


CHM JABROC ‘N’ (6) 212° F 212° F 


Bench Vessels (Stainless Steel)(7) 800° F 800° F 


Notes: 


(1) Limit is based on pyrolytic carbon in an oxygen environment. Limit in a dry inert helium environment 
is significantly higher (Ref. 4-20). 


(2) Limit is based on Perry's Chemical Engineer's Handbook, 6th Edition. 


(3) Limit is based on ASME B&PV code, Section II, Part D, Material Limits. 


(4) Limit is based on NUREG 1567 for zirconium alloy cladding. 


(5) Limits are based on ACI 349, Section A.4. 


(6) Limit is based on manufacturer’s data. 


(7) Limit is based on ASME B&PV code, Section II, Part D, Material Limits Although Design is AISC 9th 
Edition. 
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Table 4.2-54 
Cooling Air Flow Rates 


Storage Tube 
Fuel Heat


(Watts) 
Normal 


Zero Blockage 
Off-Normal 


25% Blockage 
Accident 


50% Blockage 
  Air Flow Rate per Storage Tube (lb/h) 


Peach Bottom –18” 32.8W 29.1 27.1 23.4 
TRIGA – 18” 35.3W 29.1 27.1 23.4 
Bounding Heat – 18” 40W 29.1 27.1 23.4 
Bounding High Heat – 18” 120W 47.8 46.1 42.8 
Shippingport Reflector rods – 24” 5.5W 33.9 31.7 27.5 
Shippingport Reflector modules – 24” 9.8W 33.9 31.7 27.5 
Bounding Heat – 24” 40W 33.9 31.7 27.5 
Bounding High Heat – 24” 120W 55.4 53.6 49.9 
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Table 4.2-55 
Fuel and Component Temperatures in FPA, Canister Trolley Cask and CHM 


Component Maximum Temperatures 


Component FPA 
Canister Trolley 


Cask CHM 


 Normal 
Off 


Normal Normal 
Off 


Normal Normal 
Off 


Normal 
Peach Bottom 


Fuel 198.5°F 254.9°F 109.8°F 180.1°F 118.8°F 171.1°F 
ISF Basket 128.7°F 192.5°F 108.6°F 179.0°F 117.7°F 170.1°F 
ISF Canister - - 102.8°F 173.5°F 112.0°F 164.6°F 
Concrete(1) 96.7°F 162.9°F - - - - 


TRIGA 
Fuel 242.9°F 295.5°F 120.2°F 189.6°F 130.2°F 182.0°F 
ISF Basket 148.1°F 209.4°F 119.5°F 188.9°F 129.5°F 181.3°F 
ISF Canister - - 108.6°F 178.6°F 118.7°F 171.0°F 
Concrete(1) 95.5°F 162.0°F - - - - 


Shippingport Reflector Rods 
Fuel 103.6°F 168.4°F 96.0°F 167.8°F 102.3°F 156.1°F 
ISF Basket 94.2°F 160.2°F 95.9°F 167.8°F 102.3°F 156.1°F 
ISF Canister - - 95.0°F 166.9°F 101.4°F 155.2°F 
Concrete(1) 90.9°F 157.1°F - - - - 


Shippingport Reflector Module 
Fuel 113.7°F 177.3°F 99.5°F 171.0°F 107.4°F 160.9°F 
ISF Canister - - 95.9°F 167.7°F 102.2°F 156.0°F 
Concrete(1) 91.5°F 157.5°F - - - - 


Note: 
(1)   Concrete around fuel basket operations and monitoring station inside FPA. 
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Table 4.2-56 
Peach Bottom Fuel – Storage Vault 


Component Maximum Temperatures 


Component 
Normal 


Condition 
Off Normal 
Condition 


Accident 
Condition 


Storage Tube 116.4°F  119.5°F 120.3°F 
ISF Canister 117.9°F  121.0°F 121.8°F 
ISF Basket 123.6°F  126.7°F 127.5°F 
Fuel Element  124.7°F  127.8°F 128.6°F 
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Table 4.2-57 
Thermal Stress Results – Peach Bottom 1&2  


and Peach Bottom ART ISF Baskets 


Maximum Thermal Stress for Basket 
Components 


Load Case Spacer Plates Fuel Support Tubes 
Storage Vault: (Bounding for all conditions) 343 psi 26 psi 
CHM: Normal 345 psi 27 psi 
CHM: Off-Normal 329 psi 26 psi 
FPA: Normal 492 psi 37 psi 
FPA: Off-Normal 464 psi 36 psi 
Canister Trolley Cask: Normal 367 psi 26 psi 
Canister Trolley Cask: Off-Normal 347 psi 26 psi 
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Table 4.2-58 
TRIGA Fuel – Storage Vault 


Component Maximum Temperatures 


Component 
Normal 


Condition 
Off Normal 
Condition 


Accident 
Condition 


Storage Tube 119.2°F  122.3°F 123.4°F 
ISF Canister 123.1°F  126.2°F 127.3°F 
ISF Basket 133.7°F  136.8°F 137.9°F 
Fuel Element  134.4°F  137.5°F 138.6°F 
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Table 4.2-59 
Thermal Stress Results – TRIGA ISF Basket 


Maximum Thermal Stress for Basket 
Components 


Load Case Spacer Plates Fuel Support Tubes 
Storage Vault: (Bounding for all conditions) 311 psi 9 psi 
CHM: Normal 315 psi 9 psi 
CHM: Off-Normal 300 psi 9 psi 
FPA: Normal 923 psi 17 psi 
FPA: Off-Normal 862 psi 17 psi 
Canister Trolley Cask: Normal 318 psi 9 psi 
Canister Trolley Cask: Off-Normal 299 psi 9 psi 
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Table 4.2-60 
Shippingport Reflector Rods – Storage Vault 


Component Maximum Temperatures 


Component 
Normal 


Condition 
Off Normal 
Condition 


Accident 
Condition 


Storage Tube 100.6°F  103.6°F 101.1°F 
ISF Canister 100.8°F  103.8°F 101.3°F 
ISF Basket 101.7°F  104.7°F 102.2°F 
Fuel Element  101.7°F  104.7°F 102.2°F 
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Table 4.2-61 
Thermal Stress Results – Shippingport Reflector Rod Basket 


Maximum Thermal Stress for Basket 
Components 


Load Case Spacer Plates Fuel Support Tubes 
Storage Vault: 
(Bounding for all conditions) 


68 psi 1 psi 


CHM: Normal 68 psi 1 psi 
CHM: Off-Normal 65 psi 1 psi 
FPA: Normal 134 psi 1 psi 
FPA: Off-Normal 125 psi 1 psi 
Canister Trolley Cask: 
Normal 


68 psi 1 psi 


Canister Trolley Cask: Off-
Normal 


64 psi 1 psi 
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Table 4.2-62 
Shippingport Reflector Modules – Storage Vault 


Component Maximum Temperatures 


Component 
Normal 


Condition 
Off Normal 
Condition 


Accident 
Condition 


Storage Tube 102.6°F  105.7°F 103.6°F 
ISF Canister 102.9°F  106.0°F 103.9°F 
Reflector 
Module  


108.5°F  111.6°F 109.5°F 


 







ISF FACILITY 
Safety Analysis Report 


 
Rev. 4 


 


  


Table 4.2-63 
Maximum Fuel and Component Temperatures 


Normal Storage Condition Off-Normal or Accident Condition  
Component Maximum 


Temperature 
Temperature 


Limit 
Maximum 


Temperature 
Temperature 


Limit 
Peach Bottom Fuel 125°F 572°F 255°F 572°F 
TRIGA Fuel 135°F 400°F (1) 296°F  400°F (1) 
Shippingport 
Reflector Rods 
(loose) 


102°F 612°F 169°F 1058°F 


Shippingport 
Reflector Modules 


109°F 612°F 178°F 1058°F 


ISF Basket 134°F 650°F 210°F 650°F 
ISF Canister 124°F 800°F 177°F 800°F 
Storage Tube 120°F 700°F 124°F 700°F 
Concrete  120°F (2) 150°F/200°F  163°F (3) 350°F 
Notes: 
(1)  TRIGA temperature limits are based on an aluminum clad fuel. 
(2)  Used storage tube temperature for conservatism. 
(3)  Concrete around fuel basket operations and monitoring station inside FPA. 
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Table 4.2-64 
ISF Canister Steady State Bounding Temperatures 


Maximum Canister Temperature 


Load Condition 
18” Short 


40W 
18” Long 


40W 
18” Long 


120W 
24” Long 


40W 
24” Long 


120W 
Canister Trolley Cask 


Normal Operation 109.6°F 103.0°F 124°F 101.5°F 120.4°F 


Off Normal Operation (163°F) 179.7°F 173.6°F 191.6°F 172.5°F 188.7°F 


Normal Operation (-26°F)(1) -21.4°F -24.5°F -22.1°F -24.5°F -22.2°F 
Canister Handling Machine 


Normal Operation (100°F) 121.0°F 113.3°F 135.2°F 108.8°F 123.5°F 


Off Normal Operation (104°F) 125.0°F 117.3°F 139.2°F 112.8°F 127.5°F 


Normal Operation (-26°F)(1) -17.9°F -21.7°F -15.3°F -22.1°F -15.8°F 


Off Normal Operation (154°F) 173.1°F 165.9°F 186.0°F 162.1°F 175.9°F 
Storage Vault 


Normal Operation (98°F) 126.4°F 121.8°F 151.4°F 117.5°F 142.5°F 


Off Normal Operation (101°F) 129.5°F 124.9°F 154.7°F 120.7°F 145.1°F 


Off Normal Operation (-40°F)(1) -32°F -38.3°F -28.6°F -37.6°F -34.3°F 
Accident Condition (50% Duct 
Blockage) 


131.2°F 126.6°F 155.6°F 121.4°F 145.3°F 


Note: 
(1) The temperatures shown for “Normal (-26o F)” and “Off-Normal (-40o F)” are Minimum Temperatures, 


not Maximum Temperatures as implied by the table heading. Note, however, that these temperatures 
are only the actual minimum temperatures for the ISF Canisters if the fuel heat load is present. Without 
the fuel heat load, the minimum temperature will be that of the environment, namely -26o F or -40o F. 
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Table 4.2-65 
Value of keff for Various Storage Area Configurations(3) 


Normal Bounding Analysis(1) 


Fuel Type Desc. Ref. #(2) keff Desc. Ref. #(2) keff 
1 ISF canister with 10 
elements 3.3 0.22 


2 ISF canisters end to 
end 3.3 0.22 Peach Bottom 


Infinite array of ISF 
canisters 3.4 0.46 


Infinite array flooded 3.4 0.50 


1 ISF canister with 2 
baskets of 54 elements 
each 


2.4 0.57 


2 ISF canisters end to 
end 2.4 0.58 TRIGA 


Storage vault fully 
loaded with ISF 
canisters 


2.3 0.71 


Storage vault fully 
loaded with ISF 
canisters and flooded 


2.3 0.82 


Mixed Vault 
ISF canisters of TRIGA 
and Peach Bottom fuel 
in the storage array 


3.5 0.53 


Canisters of TRIGA and 
Peach Bottom fuel in 
the storage array, 
flooded 


3.5 0.84 


Notes: 


(1)  Off-normal and accident conditions are addressed by the Bounding data. 


(2) The reference number corresponds to the Section number of Appendix 4A to the SAR, Criticality 
Models. 


(3) The Shippingport fuel does not represent a criticality hazard as described in Appendix 4A to the 
SAR, Criticality Models Section 4.1. 
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Table 4.3-1 
Normal Operating Indoor Design Parameters 


Building Area 
Cooling Temp °F 


(max) 
Heating Temp °F 


(min) 
Room Pressure 


Inch-wg (1) 
Fuel Packaging Area 90 50 (-) 1.50 
FHM Maintenance Area (2) 90 50 (-) 1.40 
Canister Closure Area 80 70 (-) 0.20 
Solid Waste Processing Area (2) 80 70 (-) 1.20 
Solid Waste Storage Area 80 70 (-) 0.20 
Operating Gallery 80 70 (-) 0.20 
Workshop 80 70 (-) 0.20 
Operators Office  76 72 (-) 0.05 
Change Room 76 72 (-) 0.05 
Corridor 76 72 (-) 0.05 
Transfer Tunnel 90 50 (-) 0.50 
Cask Decontamination Area 90 50 (-) 0.10 
HEPA Filter Room 90 50 (-) 0.10 
Liquid Waste Storage Tank Area 90 50 (-) 0.10 
HVAC Exhaust Room 90 50 0.0 
Electrical Room 90 50 0.0 
Battery Room 86 74 0.0 
New Canister Receipt Area 80 60 0.0 


Operations Area 
Office Areas 76 72 (+) 0.05 
Storage Room 100 50 0.0 
HVAC Supply Room 100 50 0.0 


Storage Area 
Upper Level 100 40 0.0 


Cask Receipt Area 
All Areas 105 40 0.0 


Notes: 


(1) Room pressures are relative to atmosphere, and are nominal values. 
(2) When these areas are occupied, room pressure will be reset to –0.4 inch wg. 
General Note Ambient design temperatures are provided in Chapter 3, Principal Design Criteria. 
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Table 4.3-2 
Off-Normal Conditions 


Summer (Outside Air 
Temperature = 98°F) 


Winter (Outside Air 
Temperature = -26°F) 


Room 
Lights &  


Motors On 
Lights & 


Motors Off 
Lights & 


Motors On 
Lights & 


Motors Off 
Fuel Packaging Area 156°F 131°F 17°F -26°F 
Operating Gallery 139°F 125°F -6°F -26°F 
Transfer Tunnel 163°F 137°F -3°F -26°F 
Storage Area 154°F 128°F -1°F -26°F 
Cask Receipt Area 149°F 109°F 13°F -26°F 
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Table 4.7-1 
Principle Load Carrying Members of the Cask Receipt Crane 


Item / Component Material Spec Type/Grade Notes 
ASTM A 36 -- < 5/8” Structural and load carrying members 
ASTM A 516 70 > 5/8” < 2 ½” 


Equalizer Beam ASTM A 572 -- -- 
Equalizer Support Beam ASTM A 572 -- -- 
Main Girder ASTM A 572 -- -- 
Bolting ASTM A 325 -- -- 
Cables IWRC 6 x 37 Improved Plow Steel -- 
Drum ASTM A 572 50 -- 
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Table 4.7-2 
Principle Load Carrying Members of the Cask Trolley 


Item/Component Material Spec Type/Grade Notes 
ASTM A 36 -- < 5/8” Structural and load carrying members 
ASTM A 516 70 > 5/8” < 2 ½” 


Bolting ASTM A325 & A490 -- -- 
Rails ASTM A 759 -- 171 Bethlehem 
Axles ASTM A 322 4140 or 4340 -- 
Wheels ASTM A 322 4140 or 4340 -- 
Seismic Lock Pin ASTM A 322 4140 or 4340 -- 
Seismic Uplift Restraint ASTM A 572 50 -- 
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Table 4.7-3 
Principal Load Carrying Members of the FHM and PMS 


Item / Component Material Spec Type/Grade Notes 
ASME SA 36 -- < 5/8” Structural and load carrying 


members ASME SA 537 or SA 516 Class 1 Grade 70 > 5/8” < 2 ½” 
Bolting SAE Grade 5 -- 
Cables IWRC 6 x 37 Improved Plow Steel -- 
Axles ASTM A 311 Class B, Grade 1144 -- 
Wheels ASTM A 331 Grade 4140 -- 
Hook ASTM A 331 Grade 4140 -- 
Rails ASTM A 108 Grade 1044 -- 
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Table 4.7-4 
Principle Load Carrying Members of the Canister Trolley 


Item / Component Material Spec Type/Grade Notes 
ASTM A 36 -- < 5/8” Structural and load carrying 


members ASTM A 516 70 > 5/8” < 2½” 
Bolting ASTM A 325 and A 490 -- -- 
Axles ASTM A 322 4140 or 4340 -- 
Wheels ASTM A 322 4140 or 4340 -- 
Seismic Lock Pin ASTM A 322 4140 or 4340 -- 
Seismic Uplift Restraints ASTM A 572 Grade 50 -- 
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Table 4.7-5 
Canister Handling Machine Materials 


Item / Component Material Spec, Type/Grade 
Bridge Components 
Bridge Girders 
Bridge End Tie Frame 
Bridge End Tie Cross Beam 
Trolley Frame 


ASTM A36 (< 5/8”) or 
ASTM A516 Grade 70 (> 5/8” < 2 ½”) 


Turret Components 
Turntable ASTM A572 Grade 42/50 Type 1 or 


BS7191 Grade 355 EM 
Turntable bolts ASTM A490M Type 1 or 


BS970 817M40 ‘W’ 
Turret Body ASTM A27 Grade U60-30 Class 2 or 


BS3100 Grade A1 Norm. 
Turret body bolts ASTM A490M Type 1 or 


BS970 826M40 ‘W’ 
Nose shield body ASTM A27 GR. U60-30 Class 2 or 


BS3100 Grade A1 Norm. 
Shield skirt ASTM A27 Grade U60-30 Class 2 or 


BS3100 Grade A1 Norm. 
Turret Rotate seismic lock pin ASTM 108 Grade 1040 


BS970 080M40N Heat Treat to 40,500 lb/in2 Yield 
Base locking pin ASTM A434 Grade 4340 Class BD or 


BS970 817M40 ‘T’ 
Enclosure Structure ASTM A572 GR. 50 Type 1 or 


BS7191 Grade 355 EM 
Hoist Drum ASTM A333 Grade 10 or 


BS HFS TUBE DIN 2448/1629 ST52.0 
Wire Rope Bridon Ropes 5/8in Diameter - 6 x 36 IWRC Grade 1960 with a min. 


breaking force of 40,200 lbs 
Hoist Load Block ASTM A508 Class 4a or 


BS4670 Grade 826M40 
Grapple body ASTM A434 Grade 4340 Class BC or 


BS970 709M40’T’ 
Grapple head ASME SA516-60 or 


BS EN 10025 S355J2G3 
Grapple jaws ASTM A434 Grade 4340 Class BC or 


BS970 709M40’T’ 
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Table 4.7-6 
Fuel Handling Machine ITS Lifting Devices 


Lifting 
Device No. 


Device 
Type 


Max. Load 
(lbs) Function 


1 1 8375 Provides a load path between the FHM hook and the Cask Lid, 
Cask Port Plug, Canister Port Plug, Process Waste Port Plug, 
Canister Waste Port and Monitor Shielding Cover.  


2 2 4460 Provides a load path between the FHM hook and the DOE Baskets 
that are lifted from the bottom of the basket. The baskets contain 
Peach Bottom 1 fuel.  


3 3 2600 Provides a load path between the FHM hook and the DOE Canister 
containing Peach Bottom 2 fuel elements.  


4 4 213 Provides a load path between the FHM hook and the Peach Bottom 
1 Fuel Cans.  


5 4 105 Provides a load path between the FHM hook and the individual 
Peach Bottom 1 Fuel Elements.  


6 6 84 Provides a load path between the FHM hook and the individual 
Peach Bottom 2 Fuel Elements.  


8 4 4351 Provides a load path between the FHM hook and the Peach Bottom 
and Shippingport ISF Fuel Baskets.  


11 4 167 Provides a load path between the FHM hook and the broken fuel 
element with fuel can from the de-caning station to the worktable. 


12 3 3625 Provides a load path between the FHM hook and the ISF Peach 
Bottom Basket Handling Sleeve.  


13 2 7900 Provides a load path between the FHM hook and the Shippingport 
Storage Liner. 


14 1 5200 Provides a load path between the FHM hook and the Shippingport 
Fuel Module.  


15a 5 16 Provides a load path between the FHM hook and the Shippingport 
Reflector Fuel Rods (external gripper) 


15b 5 16 Provides a load path between the FHM hook and the Shippingport 
Reflector Fuel Rods (internal gripper) 


16 3 378 Provides a load path between the FHM hook and the TRIGA Fuel 
Bucket.  


17a 5 7.5 Provides a load path between the FHM hook and the instrumented 
TRIGA Fuel Element. 


17b 4 7.5 Provides a load path between the FHM hook and the non-
instrumented TRIGA Fuel Element. 


18 4 1005 Provides a load path between the FHM hook and the ISF TRIGA 
Fuel Rod Basket.  
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Table 4.7-7 
Area Load Combinations 


Load Combination 
Accident Conditions 


Primary Load Case Normal 
Off 


Normal Earthquake Tornado Temperature Flood 
Dead Load X X X X X X 
Live Load X X X X X X 
Soil Pressure X X X X X X 
Wind Load  X     
Normal Thermal  X X X  X 
Seismic Load(1)   X    
Tornado Wind(1)    X   
Tornado Pressure(1)    X   
Tornado Missile(1)    X   
Accident Thermal (2)     X  
Flood Load      X 


Notes: 


(1)  Not evaluated for roof and wall panels and secondary steel (e.g., girts and purlins). 
(2)  Not evaluated for steel structures. 
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Table 4.7-8 
CRA Fundamental Frequencies and Mass Participation 


Mass Participation (% of mass) Mode 
No. 


Frequency 
(Hz.) N-S E-W Vertical Description 


1 1.969 0.00 16.82 0.00 Fundamental EW mode 
4 2.502 43.41 0.05 0.00 Secondary steel NS mode 
6 2.679 0.08 66.15 0.02 Fundamental Structure NS mode 
27 3.443 25.99 0.04 0.03 Secondary steel Vertical mode 
28 11.386 0.40 0.01 19.46 Fundamental Vertical mode 
29 11.472 0.02 0.00 22.1 Fundamental Vertical mode 
Total Participating Mass 


Cumulative Sum 
Mode 


Frequency 
(Hz) N-S E-W Vertical Period (s) 


408 107.473 99.91 99.86 95.04 0.009 
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Table 4.7-9 
CRA Structural Steel AISC Code Check 


Local Member 
Forces/Moments 


Member/Description 
Load 


Combination 
FX 


(kips) 
MY 


(ft/kips)
MZ 


(ft/kips)
Critical ASIC 


Code Condition C/D Ratio
471 – Near base of 
northwest CRC built-up 
column 


63: D+L-E 300.09 264.64 301.47 AISC – H1-3 1.94 


875 – Battered column 
northwest corner tower 


62: D+L+E 196.00 54.83 183.01 AISC – H1-1 1.66 


268 – Horizontal brace at 
west side of tower 


63: D+L-E 17.34 27.17 55.65 AISC – H1-3 1.86 


926 – Horizontal brace 
between battered columns 


63: D+L-E 61.11 12.82 159.26 AISC – H1-3 2.58 


523 – Horizontal roof 
girder/brace between ITS 
columns at north side 


63: D+L-E 24.17 54.38 97.02 AISC – H1-3 1.25 
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Table 4.7-10 
Foundation Capacity/Demand Summary 


Description Flexural C/D Ratio Shear C/D Ratio 
Cask Receipt Area 


4-Foot Thick Mat (CRA crane support) ≥1.50 ≥1.40 
Transfer Area 


4-Foot Thick Mat (tunnel area) ≥1.05 ≥1.10 
5-Foot Thick Mat (FPA mat) ≥1.40 ≥1.05 
2-Foot Thick Footing (north CCA wall) ≥1.50 ≥1.50 


Storage Area 
3-Foot Thick Mat (storage vault mat) ≥1.05 ≥1.05 
4-Foot Thick Mat (tunnel mat) ≥1.30 ≥1.10 
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Table 4.7-11 
CRA Overturning and Sliding Results 


Load Combination 
Capacity/Demand Ratio 


(Sliding) 
Capacity/Demand Ratio 


(Overturning) 
East-West Direction 
Earthquake 1.13 1.70 
Tornado Wind (East-West Wind) 1.14 1.11 
North-South Direction 
Earthquake 1.15 2.11 
Tornado Wind (North-South Wind) 1.28 1.70 
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Table 4.7-12 
Transfer Area Fundamental Frequencies and Mass Participation 


Mass Participation (% of mass) Mode 
No. 


Frequency 
(Hz.) N-S E-W Vertical Description 


20 8.0997 20.4543 0.0002 0.0257 Fundamental mode (NS-direction) 
21 8.12638 8.2367 0.0000 0.2010 Fundamental mode (NS-direction) 
27 9.1419 12.6467 0.0082 0.0000 2nd fundamental mode (NS-direction) 
70 13.9390 0.0022 19.1078 0.0269 Fundamental mode (EW-direction) 
71 14.0015 0.0019 47.7259 0.0001 Fundamental mode (EW-direction) 
179 28.86336 0.0039 0.6175 22.8683 Fundamental mode (Vert-direction) 


Total Participating Mass 
Individual Mode (%) Cumulative Sum (%) 


Mode Frequency 
(Hz) Period (s) 


N-S E-W Vertical N-S E-W Vertical 
675 121.8 0.008207 0.0026 0.0022 0.0001 90.6578 93.4955 87.3304 
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Table 4.7-13 


 


 


 


 


 


 


 


 


 


 


Table Not Used. 
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Table 4.7-14 
Transfer Area Overturning and Sliding Results 


Load Combination 
Capacity/Demand Ratio 


(Sliding) 
Capacity/Demand Ratio 


(Overturning) 
East-West Direction 
Earthquake – Static Analysis Method 1.59 6.9 
Earthquake – Seismic Analysis Method 1.26 5.5 
Tornado Differential Pressure 121.8 529.1 
Tornado Wind (East-West Wind) 17.3 75.2 
Tornado Wind + 0.5 Differential Pressure 15.8 68.8 
North-South Direction 
Earthquake – Static Analysis Method 1.87 4.2 
Earthquake – Seismic Analysis Method 1.97 4.4 
Tornado Differential Pressure 147.6 333.8 
Tornado Wind (North-South Wind) 9.4 21.2 
Tornado Wind + 0.5 Differential Pressure 8.9 20.1 
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Table 4.7-15 
Summary of Transfer Area Wall Design - Capacity/Demand Ratios 


Wall Description 


Horizontal 
Flexural-


Axial 


Vertical 
Flexural-


Axial 
In-Plane 


Shear 
Out-of-Plane 


Shear 
48” Thick FPA Walls ≥1.02 ≥1.02 ≥2.00 ≥1.30 
33” Thick FPA Walls ≥1.10 ≥1.02 ≥4.00 ≥1.30 
30” Thick FPA Walls ≥1.05 ≥1.06 ≥2.00 ≥1.30 
36” Thick FPA Intermediate Wall ≥1.06 ≥1.30 ≥2.00 ≥1.30 
36” Thick FHM Maintenance, Tunnel, and CCA Walls ≥1.02 ≥1.02 ≥2.00 ≥1.20 
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Table 4.7-16 


 


 


 


 


 


 


 


 


 


 


Table Not Used. 
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Table 4.7-17 
Summary of Transfer Area Slabs/Beam Design - Capacity/Demand Ratios 


Slab/Beam Description 
Flexural-Axial 


Axis 1-1 
Flexural-Axial 


Axis 2-2 
Out-of-Plane 


Shear 
24” Thick Slabs ≥1.10 ≥1.20 ≥1.50 
36” Thick Slabs ≥1.02 ≥1.02 ≥1.10 
Beam at Waste Processing Area Opening ≥1.10 N/A N/A 
Beam Under CCA Wall ≥1.10 N/A N/A 
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Table 4.7-18 
Storage Area Fundamental Frequencies and Mass Participation 


Mass Participation (% of mass) 
Mode No. 


Frequency 
(Hz) N-S E-W Vertical Description 


16 6.9 0.00 6.83 0.00 CHM in East-West Direction 
21 7.9 6.87 0.00 0.05 CHM in North-South Direction 
31 10.6 0.00 0.00 3.47 East Vault in Vertical Direction 
45 12.9 0.00 0.44 6.04 West Vault in Vertical Direction 
47 14.8 0.00 53.19 0.23 Building in East-West Direction 
57 17.1 0.46 0.00 4.74 CHM in Vertical Direction 
75 22.2 30.49 0.00 0.00 Building in North-South Direction 


112 28.3 0.04 0.77 5.19 Tunnel Roof in Vertical Direction 
Total Participating Mass 


Individual Mode (%) Cumulative Sum (%) 
Mode 


Frequency 
(Hz) Period (s) N-S E-W Vertical N-S E-W Vertical 


650 121.8 0.007505 0.0264 0.0017 0.0175 93.3284 92.1359 89.2892 
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Table 4.7-19 
Relative Seismic Displacements for ISF Structures 


Relative Displacement (in) 
Description Structure Interface N-S E-W Vertical 


Between Storage Area and Transfer Area at Transfer Tunnel 
 Top 0.16 0.073 - 
 Bottom 0.067 0.054 0.092 
Between Storage Area and CRA  
 Top 0.18 0.082 - 
 Bottom 0.041 0.044 0.025 
Between Charge Face and Vault Base 
 Storage Transfer Port and Vault Base  0.0058 0.0126 0.0126 
 Middle of West Storage Vault and Vault Base 0.0052 0.0163 0.0456 
 Middle of East Storage Vault and Vault Base 0.0031 0.0164 0.0942 
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Table 4.7-20 


 


 


 


 


 


 


 


 


 


 


Table Not Used. 
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Table 4.7-21 
Storage Area Overturning and Sliding Results 


Load Combination 
Capacity/Demand Ratio 


(Sliding) 
Capacity/Demand Ratio 


(Overturning) 
East-West Direction 
Earthquake – Static Analysis Method 1.23* 3.4 
Earthquake – Seismic Analysis Method 1.45 4.5 
Tornado Wind (East-West Wind) 7.97 24.9 
Tornado Wind + 0.5 Differential Pressure 7.27 22.7 
North-South Direction 
Earthquake – Static Analysis Method 1.56 4.3 
Earthquake – Seismic Analysis Method 2.41 5.1 
Tornado Wind (North-South Wind) 7.58 20.7 
Tornado Wind + 0.5 Differential Pressure 6.91 18.9 
Note: 
(1) Includes contribution from passive earth pressure. 
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Table 4.7-22 
Summary of Storage Area Wall Design - Capacity/Demand Ratios  


Wall Description 


Horizontal 
Flexural-


Axial 


Vertical 
Flexural-


Axial 
In-Plane 


Shear 
Out-of-Plane 


Shear 
36” Thick Vault Walls ≥1.10 ≥1.10 ≥1.30 ≥1.20 
36” Thick Tunnel Walls ≥1.03 ≥1.10 ≥1.50 ≥1.50 
24” Thick Parapet and Stiffener Walls ≥1.15 ≥1.10 ≥1.50 ≥1.50 
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Table 4.7-23 


 


 


 


 


 


 


 


 


 


 


Table Not Used. 
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Table 4.7-24 
Summary of Storage Area Slabs/Beam Design - Capacity/Demand Ratios 


Slab Description 
Flexural-Axial 


Axis 1-1 
Flexural-Axial 


Axis 2-2 
Out-of-Plane 


Shear 
36” Thick Slab ≥1.10 ≥1.10 ≥1.10 
30” Thick Slabs ≥1.08 ≥1.03 ≥1.10 


 


Slab Description 


Flexural-Axial 
Strong Axis 


Out-of-Plane RCCOMBO, 
EDENVE2, and FDNCOMBO are 


user defined load combinations that 
are then performed by the SAP2000 
program as part of the load output 


processing Shear 
72” Deep CHM Support Beam ≥1.05 ≥1.10 
30” Thick East-West Encast Beam ≥1.50 ≥1.05 
30” Thick North-South Encast Beam ≥1.50 ≥1.30 
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Table 4.7-25 
Cask Receipt Crane Summary of Analysis Results 


Shear Stress Ratio(1) 
Combined Axial and 


Bending Stress Ratio(2) 


Component Load Case Stress Ratio Load Case Stress Ratio 
Equalizer Beam Test Case 3.2 0.72 Test Case 3.2 0.32 
Equalizer Support Beam Test Case 3.2 0.33 Seismic Case 3.1 0.53 
Main Girder Test Case 3.2 0.24 Seismic Case 3.1 0.29 


Notes: 
(1) Shear Stress Ratio = fv/Fv ≤ 1.0. 
(2) Combined Axial and Bending Stress Ratio ≤ 1.0 (in accordance with CMAA 70, Section 3.4.6.3). 
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Table 4.7-26 
Cask Trolley Summary of Analysis Results 


(Design Earthquake - Load Case 3.4) 


Shear Stress Ratio(1)  
Combined Axial and 


Bending Stress Ratio(2) 


Component fvy/Fv fvz/Fv Compression Tension 
Trucks and Girts 0.558 0.303 0.570 0.564 
Horizontal Framing Members 0.246 0.631 0.641 0.613 
Vertical Framing Members 0.276 0.927 0.744 0.782 
Horizontal Braces --- --- 0.556 0.470 
Vertical Braces --- --- 0.496 0.206 
Cask Adapter Restraints --- --- --- 0.506 


Notes: 


(1) Shear Stress Ratio 
  fvy/Fv = Y-direction. 
  fvz/Fv = Z-direction. 
(2) Combined Axial and Bending Stress Ratio ≤ 1.0 (in accordance with CMAA 70, Section 3.4.6.3). 
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Table 4.7-27 
Canister Trolley Summary of Analysis Results 


(Design Earthquake Load Case 3.4) 


Shear Stress Ratio(1) 
Combined Axial and 


Bending Stress Ratio(2) 


Component fvy/Fv fvz/Fv Compression Tension 
Trucks and Girts 0.547 0.692 0.896 0.896 
Horizontal Framing Members 0.869 0.122 0.905 0.840 
Vertical Framing Members 0.102 0.013 0.793 0.710 
Horizontal Braces --- --- 0.543 0.386 
Vertical Braces --- --- 0.603 0.361 


Notes: 


(1) Shear Stress Ratio 
  fvy/Fv = Y-direction. 
  fvz/Fv = Z-direction. 
(2) Combined Axial and Bending Stress Ratio ≤ 1.0 (in accordance with CMAA 70, Section 3.4.6.3). 
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Table 4.7-28 
FHM Bounding Case Stress Summary 


Summary of Plate Shear Stresses – Trolley at End Span 
Case 3.6A – Loaded Crane Subject to Loads Associated With Bridge Recovery 


Description Stress (psi) Allowable (psi) Stress Ratio 
Bridge – End Beam 7527 19780 0.381 
Bridge – Main Beam 7987 19780 0.404 
Trolley – End Beam 8256 19780 0.417 
Trolley – Main Beam 2093 19780 0.106 
Trolley – End Plate 2351 21500 0.109 
Wheel Assembly – PL 4213 21500 0.196 
Bridge – End PL 21230 21500 0.987 
Wheel Assembly - PL 5300 21500 0.247 
Wheel Assembly - PL 5867 21500 0.273 
Rail 914 15480 0.059 
Wheel Assembly - PL 5490 21500 0.255 
End Plate 7956 21500 0.370 


Note: 
Actual Stress 


Stress Ratio = 
Allowable Stress 
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Table 4.7-29 
FHM Stress Summary, Loaded Crane with Design Earthquake 


Summary of Plate Shear Stresses – Trolley at End Span 
Case 3.3, Loaded Crane with Design Earthquake 


Description Stress (psi) Allowable (psi) Stress Ratio 
Bridge – End Beam 12893 23000 0.561 
Bridge – Main Beam 10699 23000 0.465 
Trolley – End Beam 19766 23000 0.859 
Trolley – Main Beam 5126 23000 0.223 
Trolley – End Plate 10861 25000 0.434 
Wheel Assembly – PL 10328 25000 0.413 
Bridge – End PL 19277 25000 0.771 
Wheel Assembly - PL 13221 25000 0.529 
Wheel Assembly - PL 18908 25000 0.756 
Rail 4012 18000 0.223 
Wheel Assembly - PL 14512 25000 0.580 
End Plate 21134 25000 0.845 


Note: 
Actual Stress 


Stress Ratio = 
Allowable Stress 
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Table 4.7-30 
Canister Handling Machine Structural Components Factors of Safety 


CHM Component 
Lowest Factor of Safety (1) Seismic 


Loadings (Load Case 4.1) 
Bridge Girders 2.50 
Bridge End Tie  1.08 
Trolley Frame 1.41 
Turntable 2.28 
Canister Hoist Drum and Drive System 1.45 
Hoist Ropes 1.19 
Canister Grapple 1.30 


Note: 


(1) Factor of Safety = (Allowable Stress ÷ Actual Calculated Stress). 
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Table 4.7-31 
Value of keff for Fuel in the Transfer Cask 


Normal Bounding Analysis(2) 
Fuel Type Desc. Ref. #(1) keff Desc. Ref. #(1) keff 


21 Crushed elements 3.2 0.57 
Peach Bottom 1 DOE canister with 18 


canned PB-1 elements 3.3 0.33 37 Close-packed 
elements 3.3 0.55 


TRIGA 
1 DOE canister with 90 
elements in 3 levels of 
30 each 


2.1 0.38 45 closed-packed 
elements in a corner 2.5 0.91 


Notes: 


(1) The reference number corresponds to the Section number of Appendix 4A to the SAR, Criticality 
Models. 


(2) Appendix A, Safety Evaluation of the Transfer Cask, describes the analyses to be performed for 
transfer cask off-normal and accident conditions. 
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Table 4.7-32 
Value of keff for Fuel in FPA(2) 


Normal Off Normal Accident Bounding Analysis 
Fuel 
Type Desc. Ref. #(1) keff Desc. Ref. #(1) keff Desc. Ref. #(1) keff Desc. Ref. #(1) keff 


2 baskets with 18 
elements each 


end to end 
3.3 0.33 


2 baskets with 18 
elements each 


placed side by side 
3.3 0.54 21 


Crushed 3.2 0.57 


1 DOE canister 
with 18 elements 3.3 0.33 


Peach 
Bottom 


1 ISF canister 
with 10 elements 3.3 0.22 


18 elements with 1 
additional element 


added to 1 side 
3.3 0.34 


12 
crushed 


fuel 
elements 


3.2 0.42 
37 


Close 
Pack 


3.3 0.55 


1 basket with 54 
elements 2.4 0.57 


TRIGA 1 canister with 2 
baskets 


containing 54 
elements each 


2.4 0.57 


2 baskets of 54 
elements each 


placed side by side 
2.2 0.79 


30 
elements 
(dropped 
TRIGA 
bucket) 


See 
bounding -- 


45 in a 
corner, 


hex 
lattice 


2.5 0.91 


Notes: 


(1)  The reference number corresponds to the Section number of Appendix 4A to the SAR, Criticality Models. 


(2)  The Shippingport fuel does not represent a criticality hazard as described in Appendix A, Section 4.1. 
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Table 4.7-33 
Value of keff for Various ISF Storage Canisters 


Normal Bounding Analysis(1) 
Fuel Type Desc. Ref. #(2) keff Desc. Ref. #(2) keff 


Peach Bottom 1 canister with 10 
elements 3.3 0.22 Infinite canister array 


flooded 3.4 0.50 


TRIGA 
1 canister with 2 
baskets of 54 elements 
each 


2.4 0.57 
Storage vault fully loaded 
with ISF canisters and 
flooded 


2.3 0.82 


Shippingport 1 canister with 1 
assembly 4.1 0.19 Infinite rod array flooded 4.1 0.65 


Notes:  


(1) Off-normal and accident conditions are addressed by the bounding data. 
(2) The reference number corresponds to the Section number of Appendix 4A to the SAR, Criticality 


Models. 
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figure 4.1-01 (30000-1-1).doc  


Figure 4.1-1 
ISF Facility Site Plan 
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figure 4.2-01 (30100-1-1).doc   
 


Figure 4.2-1 
General Arrangement, First Floor 
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figure 4.2-02 (30101-1-1).doc  


Figure 4.2-2 
General Arrangement, Second Floor 
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figure 4.2-03 (11005-2-1).doc  


Figure 4.2-3 
Storage Vault Plan View 
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figure 4.2-04 (11005-1-1).doc  


Figure 4.2-4 
Storage Area Looking West 
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figure 4.2-05 (11005-4-1).doc  


Figure 4.2-5 
Storage Vault Section Looking North 
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figure 4.2-06 (11002-1-1).doc   


Figure 4.2-6 
Storage Tube Assembly 
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figure 4.2-07 (11024-1-1).doc   


Figure 4.2-7 
ISF Canister and Basket Assemblies  
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figure 4.2-08 (11024-1-2).doc  


Figure 4.2-8  
ISF Canister and Basket Assemblies 
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Figure 4.2-9 
Location of Storage Area Relative to Transfer Area  


 


 


 


 


 


 


 


figure 4.2-09 (30110-1-1).doc  
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figure 4.2-10 (11003-3-1).doc  


Figure 4.2-10 
Storage Tube Air Flow 
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figure 4.2-11 (11002-2-1).doc   


Figure 4.2-11 
Storage Tube Closure Assembly 
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figure 4.2-12 (11002-2-2).doc  


Figure 4.2-12 
Tube Plug Lifting Pintle and Guide Ring 
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figure 4.2-13 (11002-3-1).doc   


Figure 4.2-13 
Support Stool Assembly 
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figure 4.2-14 (11002-3-2).doc    


Figure 4.2-14 
Storage Tube Plug Lifting Adapter 
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figure 4.2-15 (16001-1-1).doc   


Figure 4.2-15 
ISF Canister 
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figure 4.2-16 (11083-1-1).doc   


Figure 4.2-16 
Canister Shield Plug 
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figure 4.2-17 (11123-2-1).doc  


Figure 4.2-17 
Lifting Tool for Empty Basket and Canister Shield Plug 


For Use Inside the Canister Closure Area 
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Figure 4.2-18 
Peach Bottom 1 and 2 Basket 


 


Note:  Peach Bottom 1 and 2 fuel elements are not co-located in the same basket.  They are depicted together on this figure    
            only  to show their relative configuration. 


figure 4.2-18 (11021-1-1).doc  
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Figure 4.2-19 
Peach Bottom 1 A.R.T. Basket Layout 


 


 


figure 4.2-19 (11054-1-1).doc   
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Figure 4.2-20 
TRIGA Fuel Rod Basket Assembly 


 


figure 4.2-20 (11023-1-1).doc  
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Figure 4.2-21 
Shippingport Reflector IV Module Basket Layout 


figure 4.2-21 (11076-1-1).doc   
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Figure 4.2-22 
Shippingport Reflector V Module Basket Layout 


 


 


figure 4.2-22 (11080-1-1).doc  
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Figure 4.2-23 
Shippingport Reflector Module Loose Rod Basket Layout 


 


figure 4.2-23 (11030-1-1).doc   
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figure 4.2-24 (9744).doc  


Figure 4.2-24 
ISF Canister Assembly Finite Element Model  
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figure 4.2-25 (9745).doc  


Figure 4.2-25 
Storage Tube Assembly Finite Element Model  
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Figure 4.3-1 
Cask Receipt Area HVAC Diagram 


  


figure 4.3-01 (31001-1-1).doc   
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Figure 4.3-2 
Storage Area HVAC Diagram 


 


figure 4.3-02 (31004-1-1).doc   
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Figure 4.3-3 
Transfer Area Supply System 


 


figure 4.3-03 (31002-1-5).doc  
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Figure 4.3-4 
Transfer Area Exhaust System 


figure 4.3-04 (31003-1-5).doc  
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figure 4.3-05 (31002-31003).doc  


Figure 4.3-5 
HVAC Confinement Barrier Schematic For Fuel Packaging Area 
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figure 4.3-06 (rpt-005-1).doc  


Figure 4.3-6 
First Floor Airborne Contamination Control Zones 
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figure 4.3-07 (rpt-005-2).doc  


Figure 4.3-7 
Second Floor Airborne Contamination Control Zones 
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figure 4.3-08 (30710-1-1).doc  


Figure 4.3-8 
 Storage Area Elevation (Looking North) 
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figure 4.3-09 (30711-1-1).doc   


Figure 4.3-9 
 Storage Area Elevation (Looking South) 
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Figure 4.3-10 
ISF Facility One Line Diagram 
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Figure 4.3-11 
ISF Facility Standby MCC One-Line Diagram 


 


figure 4.3-11 (04004-1-2).doc  
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Figure 4.3-12 
ISF Facility UPS Distribution One-Line Diagram 


 


figure 4.3-12 (04005-1-2).doc    
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31201-5A  


Figure 4.3-13 
Fire Protection – First Floor 
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31202-1-1  


Figure 4.3-14 
Fire Protection – Second Floor 
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Figure 4.3-15 
Transfer Area Section 


 


 


figure 4.3-15 (30111-1-3).doc  
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figure 4.7-01 (70000-1-1-2).doc  


Figure 4.7-1 
Cask Receipt Crane 
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Figure 4.7-2 
Cask Trolley 
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Figure 4.7-3 
Fuel Handling Machine and Power Manipulator System 


figure 4.7-03 (50000-1-1).doc  
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Figure 4.7-4 
Canister Trolley 
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figure 4.7-05 (11009-1-1).doc  


Figure 4.7-5 
Canister Handling Machine Layout 
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figure 4.7-06 (11009-3-1).doc    


Figure 4.7-6 
Canister Handling Machine Plan View 
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Figure 4.7-7 
Storage Area (Looking North) 
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figure 4.7-08 (30700-1-1).doc  


Figure 4.7-8 
Cask Receipt Area Elevation (Looking East) 
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Figure 4.7-9 
Transfer Area Elevation (Looking South) 


 


 


 


figure 4.7-09 (30722-1-1).doc  
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Figure 4.7-10 
Confinement Boundary Schematic 


 


 


figure 4.7-10 (07100-1-1).doc  
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figure 4.7-11 (03010-1-1).doc  


Figure 4.7-11 
Cask Port Seal 
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figure 4.7-12 (03010-1-2).doc    


Figure 4.7-12 
Canister Port Seal 
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Figure 4.7-13 
Fuel Packaging Area Bench Configuration 


Peach Bottom 1 Fuel Campaign 


 


 


20003-01-02   







ISF FACILITY 
Safety Analysis Report Rev. 4
 


Figure 4.7-14 
Worktable Arrangement 
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Figure 4.7-15 
Canister Closure Area 
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11127-4-1  


Figure 4.7-16 
Canister Closure Area Operational Layout 
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figure 4.7-17 (70006-1-1).doc  


Figure 4.7-17 
 Transfer Cask Lifting Device 
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figure 4.7-18 (22060-1-1).doc  


Figure 4.7-18 
Fuel Packaging Area Shield Doors Arrangement 
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figure 4.7-19 (22060-1-2).doc  


Figure 4.7-19 
Fuel Packaging Area Shield Doors Arrangement Section 
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Figure 4.7-20 
Personnel Shielded Access Door 


figure 4.7-20 (20058-1-1).doc  
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figure 4.7-21 (20106-1-1).doc  


Figure 4.7-21 
Typical Master Slave Manipulator Configuration 
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20155-2-2  


Figure 4.7-22 
Shippingport Fuel Campaign 


Typical Bench Vessel Arrangement 


 


 


SECTION LOOKING NORTH 
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figure 4.7-23 (52001-1-1).doc  


Figure 4.7-23 
Decanning Station Transfer Area 
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Figure 4.7-24 
Decanning Machine Cutting Locations 


 


                                 


figure 4.7-24 (03005-1-1).doc  
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Figure 4.7-25 
Broken Fuel Element Container Peach Bottom 1 Fuel 


 


 


figure 4.7-25 (21032-1-1-01).doc  
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figure 4.7-26 (54002-1-1).doc  


Figure 4.7-26 
Type 1 Lifting Device 
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figure 4.7-27.doc  


Figure 4.7-27 
Type 2 Lifting Device 
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figure 4.7-28 (54001-1-1).doc  


Figure 4.7-28 
Type 3 Lifting Device 
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figure 4.7-29 (54008-1-1).doc  


Figure 4.7-29 
Type 4 Lifting Device 


 







ISF FACILITY 
Safety Analysis Report Rev. 4
 


figure 4.7-30 (54013-1-1).doc  


Figure 4.7-30 
Type 5 Lifting Device 
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figure 4.7-31 (54007-1-1).doc  


Figure 4.7-31 
Type 6 Lifting Device 
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figure 4.7-32 (11010-1-1).doc  


Figure 4.7-32 
CHM Turret 
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figure 4.7-33 (11010-12-1).doc   


Figure 4.7-33 
CHM Turret Isometric View 
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figure 4.7-34 (11022-1-1).doc    


Figure 4.7-34 
CHM Canister Grapple 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-35 
CRA Finite Element Model – Isometric View 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-36 
CRA Finite Element Model – South Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-37 
CRA Finite Element Model – East Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-38 
CRA Finite Element Model – Center Tower 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-39 
CRA Mat Foundation Model with Spring Elements 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-40 
Transfer Area ITS Concrete Structure Shell Elements -  South Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-41 
Transfer Area ITS Concrete Structure Extruded Elements – North Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-42 
Transfer Area ITS Concrete Structure Shell Elements – North Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-43 
Tansfer Area ITS Concrete Structure Extruded Elements – South Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-44 
Transfer Area NITS Steel Structure – South Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-45 
Transfer Area NITS Steel Structure – North Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-46 
Transfer Area Extruded Model – South Elevation 


 
 
 







ISF FACILITY 
Safety Analysis Report Rev. 4 
 


figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-47 
Transfer Area Full Extruded Model – North Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-48 
Transfer Area Cut-Away Extruded Model – South Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-49 
Transfer Area Cut-Away Extruded Model – North Elevation 


 
 
 







ISF FACILITY 
Safety Analysis Report Rev. 4 
 


figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-50 
Transfer Area Fixed-Base Boundary Conditions 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-51 
Transfer Area Thermal Boundary Conditions 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-52 
Transfer Area Mat Foundation Model with Spring Elements 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-53 
Transfer Area – Mode 20 Fundamental North-South Mode 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-54 
Transfer Area – Mode 20 Fundamental North-South Mode 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-55 
Transfer Area – Mode 70 Fundamental East-West Mode 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-56 
Transfer Area – Mode 70 Fundamental East-West Mode 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-57 
Transfer Area – Mode 179 Fundamental Vertical Mode 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-58 
Transfer Area – Mode 179 Fundamental Vertical Mode 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-59 
Storage Area ITS Concrete Structure Shell Elements – South Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-60 
Storage Area ITS Concrete Structure Shell Elements – North Elevation 


 
 
 







ISF FACILITY 
Safety Analysis Report Rev. 4 
 


figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-61 
Storage Area ITS Concrete Structure Extruded Elements – North Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-62 
Storage Area ITS Concrete Structure Extruded Elements – South Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-63 
Storage Area NITS Steel Structure – South Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-64 
Storage Area NITS Steel Structure – North Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-65 
Storage Area Full Extruded Model – South Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-66 
Storage Area Full Extruded Model – North Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-67 
Storage Area Cut-Away Extruded Model – South Elevation 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-68 
Storage Area Fixed-Base Boundary Conditions 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-69 
Storage Area Thermal Boundary Conditions 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-70 
Storage Area Mat Foundation Model with Spring Elements 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-71 
Storage Area – Mode 45 Vertical Vault Roof Mode 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-72 
Transfer Area – Mode 47 Fundamental East-West Mode 
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figures 4.7-35 - 4.7-73 (calc-0321).doc  


Figure 4.7-73 
Transfer Area – Mode 75 Fundamental North-South Mode 
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Figure 4.7-74 
Cask Receipt Crane (Hook-up) Seismic Model 
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figure 4.7-75 (calc-0168-1).doc  


Figure 4.7-75 
Cask Trolley Model 
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figure 4.7-76 (calc-0170-1).doc  


Figure 4.7-76 
Canister Trolley Model 
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figure 4.7-77 (9740).doc  


Figure 4.7-77 
Fuel Handling Machine Bridge Model 
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figure 4.7-78 (9741).doc  


Figure 4.7-78 
Fuel Handling Machine Trolley Model 
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figure 4.7-79 (chm model).doc  


Figure 4.7-79 
CHM Model 
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1.0 INTRODUCTION 


The purpose of this appendix is to provide a summary of criticality calculations performed for the ISF 
Facility to demonstrate compliance with the ISF SAR Table 3.3-5, “Control Methods for Prevention of 
Criticality.”  


This appendix covers the fuel handling process as it flows through the ISF. The fuel is received in a DOE 
transfer cask and is moved to the fuel packaging area (FPA). In the FPA the fuel is removed from the 
transfer cask and placed in ISF containers that ultimately end up in the storage tubes of the storage area 
(SA) portion of the facility. Analyses are performed for the credible events within the ISF Facility. There 
are also normal fuel handling events that are analyzed such as loading a cask or placement of fuel 
canisters into storage tubes. 


There are three basic fuel types analyzed: TRIGA fuel, Peach Bottom Fuel, and Shippingport reflectors. 
The analyses are developed such that the double contingency principle is not violated.  


Sections 2 through 4 summarize key information from the criticality calculations performed for the ISF. 
Section 2 covers the six criticality calculations written for TRIGA fuel, Section 3 addresses five 
calculations for the Peach Bottom Fuel and Section 4 covers the single calculation written for the 
Shippingport reflector fuel. Each calculation is contained in a separate subsection for the section 
addressing that fuel type. For example, key information from the calculation for “TRIGA ISF Baskets 
Side-by-Side” is summarized in Section 2.2 because Section 2 addresses TRIGA fuel.  


Both credible and non-credible scenarios were analyzed. Credible scenarios were explicitly modeled to 
determine keff for comparison against the design basis multiplication factor of 0.95. As discussed in 
Sections 5.2 and 5.3, upper limits ranging from  ≤ 0.9130 to ≤ 0.9304 for calculated keff were established 
to account for bias and uncertainty, depending on the fuel type and code used for analysis. These cases 
included routine handling, packaging, transfer and storage scenarios. Non-credible scenarios were 
analyzed to determine the bounding quantity of fissile material that results in an effective multiplication 
factor of 0.95. These non-credible scenarios included: 


• TRIGA elements with three sides of concrete reflection 


• Crushed Peach Bottom fuel assemblies moderated with graphite 


• Reflector rods in an infinite array 


Each subsection consists of the following information which was extracted from the criticality 
calculations: 


1) Purpose of the calculation 


2) Summary of results 


3) Description of the spent fuel loading 


4) Description of the model  


5) Material densities used in the models 


6) Summary of calculation methodology 







ISF FACILITY 
SAR Chapter 4 Appendix 4A 


Rev. 4 
Page 4A-1-2 


 


  


7) Description of fuel loading and other contents optimization 


8) Detailed summary of the criticality calculation results 


9) List of references applicable to that calculation. 
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2.0 TRIGA FUEL  


2.1 TRIGA, PEACH BOTTOM, AND SHIPPINGPORT FUELS IN THE PEACH 
BOTTOM TRANSFER CASK 


The TRIGA, Peach Bottom, and Shippingport fuels are transferred to the ISF Facility by the DOE. The 
Peach Bottom Transfer Cask is used for these transfers. Information pertinent to the Peach Bottom 
transfer cask delivery system (fuels, internal packaging for the fuels, transfer cask) may be found in 
Appendix A to the Safety Analysis Report. 


Section 4.7.3.4 Criticality Evaluation for Spent Fuel Handling Operations of Appendix A discusses the 
criticality evaluations for the respective fuels while they are inside the closed Peach Bottom transfer cask. 


2.2 TRIGA ISF BASKETS SIDE-BY-SIDE 


2.2.1 Criticality Evaluation 


An MCNP analysis was performed to show that two TRIGA fuel baskets, each containing 54 TRIGA 
elements, positioned side-by-side in the Fuel Packaging Area would remain subcritical.  For purposes of 
this analysis, each fuel element and basket was explicitly modeled, including all fixtures, adapters, and 
hardware, to confirm that these items did not adversely impact the neutronics.  


2.2.2 Discussion and Results 


TRIGA fuel will be received and handled in the Fuel Packaging Area of the ISF facility.  In the FPA the 
TRIGA fuel elements will be packaged into ISF baskets each holding 54 TRIGA fuel elements. 


MCNP4C calculations were performed to demonstrate that two TRIGA fuel baskets side-by-side would 
remain subcritical.  The configuration is non-credible because only one fuel-handling machine is present 
in the FPA.  Correspondingly, only one TRIGA fuel basket could be moving in the FPA at any given 
time.  Two baskets would not pass side-by-side due to engineering controls and administrative practices.  
However, because the TRIGA canister contains two TRIGA baskets this analysis was performed to 
substantiate the inherent safety of fuel handling practices in the FPA. 


The keff result for two TRIGA baskets passing by side-by-side in air is given in Table 2.2-1. 


2.2.3 Spent Fuel Loading 


Stainless steel clad TRIGA fuel containing a 235U loading of 43.875 grams was used in these calculations.  
A basket of stainless steel clad fuel elements thus contains 2.37 kg of 235U and two baskets full of fuel 
would contain 4.74 kg of 235U. 
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2.2.4 Model Specification 


2.2.4.1 Description of Calculation Model 


The model was developed using one full TRIGA basket with a reflecting surface beside it to simulate an 
adjacent second basket.  Figures 2.2-1 and 2.2-2 provide graphical representation of the side-by-side 
basket configuration. 


Table 2.2-2 summarizes the modeled properties of the significant components used in this calculation.  
Modeled properties are derived from DOE fuels reference documents and ISF design documents for the 
specific components (basket, canister, etc). 


TRIGA fuel as modeled contained approximately 9-weight percent uranium enriched to 20% in 235U, 
resulting in uranium loadings of 43.875 grams for 235U and approximately 176 grams for 238U.  Each 
element has 2,088 grams of zirconium and a hydrogen-to-zirconium ratio of 1.70. 


2.2.4.2 Regional Densities 


Table 2.2-3 summarizes the material atom density compositions used in this calculation. 


2.2.5 Criticality Calculations 


2.2.5.1 Calculation Methodology 


MCNP4C was used to calculate keff to demonstrate that two baskets of TRIGA fuel passed side-by-side in 
the Fuel Packaging Area would remain safely subcritical.  A basket of TRIGA fuel was modeled in air 
and a reflective surface inserted to simulate another TRIGA fuel basket passing by resulting in a side-by-
side configuration.  Water moderation was not included in the model as the lag storage areas and the fuel 
handling equipment are all above the maximum expected flood elevation.  Although the TRIGA fuel 
basket is designed to contain a gadolinium phosphate neutron poison in the center position, this neutron 
poison was omitted from the calculation. 


2.2.5.2 Fuel Loading and Other Contents Optimization 


Baskets were loaded with stainless steel clad TRIGA fuel that contained a 43.875-gram 235U fuel loading.  
Each element had approximately 9-weight % total uranium enriched to 20% in 235U. 


2.2.5.3 Criticality Results 


The side-by-side configuration would not present any nuclear safety concern in that the computed 
keff + 2σ was 0.5681, well below any upper safety levels.  This configuration remains safely subcritical. 


2.2.6 References 


Characterization of TRIGA Fuel, N. Tomsio, ORNL/Sub/86-22047/3, GA-C18542, October 1986. 
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2.3 STORAGE VAULT FULL OF TRIGA FUEL 


2.3.1 Criticality Evaluation 


An analysis was performed to show that a Storage Area vault fully loaded with TRIGA fuel would be 
critically safe. 


2.3.2 Discussion and Results 


The Storage Area is composed of two independent vaults.  Vault 1 contains a total of 102 storage tubes, 
72 18-inch tubes and 30 24-inch tubes.  Vault 2 contains a total of 144 tubes, all of them 18-inch tubes. 


MCNP4C calculations were performed to determine the keff of vault 2 of the Storage Area completely 
filled with TRIGA fuel canisters.  Vault 2 can hold a total of 144 ISF TRIGA canisters (15,552 fuel 
elements). This approach is conservative since current plans are to place only 15 canisters of TRIGA fuel 
in the Storage Area, with the remaining positions filled with less reactive fuel. 


For conservatism, a fully flooded vault calculation was included in the analysis.  Additionally, an 
evaluation was conducted in which the water density was altered from full density down to 0.2 g/cc in 
increments of 0.2 g/cc.  The highest value for keff + 2σ of 0.8153 was obtained in the fully flooded 
condition.  Table 2.3-1 summarizes the results of all the calculations performed in this evaluation. 


2.3.3 Spent Fuel Loading 


Stainless steel clad TRIGA fuel containing a 235U loading of 43.875 grams was used in these calculations.  
A basket of stainless steel clad fuel elements thus contains 2.37 kg of 235U and a canister 4.74 kg of 235U.  
Vault 2 of the ISF Facility when fully loaded with TRIGA fuel would contain approximately 683 kg of 
235U. 


2.3.4 Model 


2.3.4.1 Description of Calculation Model 


For the purposes of modeling the actual configuration of the Storage Area, Vault 2 was selected because 
the configuration contains more canister locations for TRIGA fuel, the most reactive fuel type to be stored 
in the facility.  The MCNP model was a stainless steel canister inserted in each of the 144 tube locations, 
with each canister containing two TRIGA fuel baskets one atop the other.  Figures 2.3-1 through 2.3-3 
provide graphical representation of the baskets, canister, and configuration within the storage tube. 


Table 2.3-2 summarizes the modeled properties of the significant components used in this calculation.  
Modeled configurations are derived from reference documents and ISF project references for the specific 
components (basket, canister, etc). 


TRIGA fuel as modeled contained approximately 9-weight percent uranium enriched to 20% in 235U, 
resulting in uranium loadings of 43.875 grams for 235U and approximately 176 grams for 238U.  Each 
element has 2,088 grams of zirconium and a hydrogen-to-zirconium ration of 1.70. 
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A dry basket, canister, and storage tube were used as a baseline calculation based on the assumption that 
water is not able to penetrate the confinement boundaries as the canister-storage tube interface or the 
basket-canister interface.  For conservatism, the Storage Area was modeled with the most reactive fuel 
type (TRIGA) and the vault, storage tubes, and canisters flooded. 


2.3.4.2 Regional Densities 


The material atom density compositions used in this calculation are the same as those used in the 
calculations described in Section 2.2 and are summarized in Table 2.2-3. 


2.3.5 Criticality Calculations 


2.3.5.1 Calculation Methodology 


The MCNP4C code was used to determine the effective multiplication factor for a fully loaded vault 
(Vault 2) of TRIGA fuel.  A total of 144 storage tubes were modeled each holding 1 canister of 2 TRIGA 
baskets. 


The vault was modeled in a dry configuration followed by a fully flooded condition included the storage 
tubes and canisters.  Variable moderator density was input into the model to evaluate the sensitivity of keff 
to these changes.  Full density water was used first and then lowered to a density of 0.2 g/cc in 0.2 g/cc 
increments. 


2.3.5.2 Fuel Loading and Other Contents Optimization 


Canisters were loaded with stainless steel clad TRIGA fuel that contained a 43.875-gram 235U fuel 
loading.  Each element had approximately 9-weight % total uranium enriched to 20% in 235U. 


A water moderator and reflector were added to the baseline dry model to demonstrate that in the presence 
of a moderator the vault would remain subcritical.  Sensitivity to the moderator density is discussed in 
Section 2.3.5.1. 


2.3.5.3 Criticality Results 


In all cases the storage configuration was shown to remain subcritical regardless of the presence of water 
or the water density. Water penetration into the ISF storage tubes and ISF canisters is not considered a 
viable scenario due to both being sealed containers which have undergone weld inspections and leak 
testing per ASME Boiler & Pressure Vessel Code Section III. The flooded cases were run strictly to 
demonstrate the inherent safety of the Storage Area configuration fully loaded with the most reactive fuel 
under varying moderator conditions. 


2.3.6 References 


Characterization of TRIGA Fuel, N. Tomsio, ORNL/Sub/86-22047/3, GA-C18542, October 1986. 
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2.4 TRIGA CANISTERS 


2.4.1 Criticality Evaluation 


This evaluation was made with MCNP (MCNP4B2) to determine whether a single ISF canister 
containing TRIGA fuel elements is safely subcritical and if two TRIGA canisters will remain subcritical 
if they are passed side-by-side or end-to-end.  


2.4.2 Discussion and Results 


MCNP4B2 calculations show that a single dry ISF canister loaded with 108 TRIGA fuel elements with a 
1-inch water reflector is subcritical, with a keff + 2σ equal to 0.5741. The use of nominal reflection 
(equivalent to one inch of water) to allow for minor reflection from the building surfaces and equipment 
is standard practice. If a single dry canister is reflected with 12-inches of water, the keff + 2σ value 
increases to 0.6063, which is also subcritical. A 12-inch water reflector was used to represent the 
maximum standard practice reflection for the canister.  


Two dry canisters loaded with 108 TRIGA fuel elements each and passed side-by-side will remain safely 
subcritical, with a keff + 2σ equal to 0.6056 for a 1-inch water reflector. Two dry canisters passed end-to-
end with a 1-inch water reflector also remain subcritical, with a keff + 2σ value of 0.5755. If two dry 
canisters passed end-to-end are reflected with 12 inches of water, the keff + 2σ value increases to 0.6060, 
which is also subcritical. 


If two canisters passed side-by-side are assumed to be flooded and reflected with 12 inches of water, the 
keff + 2σ value increases to 0.8405, which is still subcritical. The SA and FPA design minimizes the 
possibility for any appreciable amount of water to enter these areas. Therefore, conditions analyzed in the 
flooded and reflected scenario are considered unlikely events to occur in either the SA or the FPA. 


The results of these calculations are summarized in Table 2.4-1. 


2.4.3 Spent Fuel Loading 


The nominal TRIGA fuel element fissile material content specified in the ISF Contract (39g 235U) was 
adjusted to account for variations in post-1964 fuel elements to provide the most reactive and bounding 
source term for criticality analysis. Manufacturing variations resulted in a higher uranium content and a 
greater H:Zr atom ratio. A single TRIGA ISF canister contains 108 TRIGA fuel elements for a total of 
4.74 kilograms of 235U. Two canisters passed side-by-side or end-to-end contains a total of 9.48 kilograms 
of 235U for each configuration. 


2.4.4 Model Specification 


2.4.4.1 Description of Calculational Model 


The MCNP model for a single dry TRIGA ISF canister with a 1-inch water reflector is shown in Figures 
2.4-1 and 2.4-2. The MCNP model for a single dry TRIGA canister with a 12-inch water reflector is 
shown in Figures 2.4-3 and 2.4-4. The MCNP model for 2 dry TRIGA canisters passed side-by-side with 
a 1-inch water reflector is shown in Figures 2.4-5 and 2.4-6. Note that a reflective surface was used on 
one side of the canister to simulate 2 canisters side-by-side. The MCNP model for 2 flooded TRIGA 
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canisters passed side-by-side with a 12-inch water reflector is shown in Figures 2.4-7 and 2.4-8. Figure 
2.4-9 shows an axial view of the model for 2 dry TRIGA canisters passed end-to-end with a 1-inch water 
reflector. The radial view for this model is identical to Figure 2.4-1, and is therefore not repeated as a 
separate figure. An axial view of the MCNP model for 2 dry TRIGA canisters passed end-to-end with a 
12-inch water reflector is shown in Figure 2.4-10. The radial view for this model is identical to Figure 
2.4-3, and is therefore not repeated as a separate figure. Table 2.4-2 summarizes the modeled 
configuration.  


2.4.4.2 Regional Densities 


Table 2.4-3 summarizes the material atom density compositions used in this calculation.  


2.4.5 Criticality Calculations 


2.4.5.1 Calculational Methodology 


The MCNP4B2 code (Monte Carlo N-Particle Transport Code System) was used to determine the keff for 
a single dry canister loaded with 108 TRIGA fuel elements, for two loaded canisters placed side-by-side 
and for two loaded canisters placed end-to-end. The dry canisters were nominally reflected with one inch 
of water as a standard practice to allow for minor reflection from the building surfaces and equipment. A 
single canister and two canisters placed end-to-end were also reflected by 12 inches of water. In addition, 
two flooded canisters placed side-by-side were reflected by 12 inches of water. The MCNP models used 
are depicted in Figure 2.4-1 through Figure 2.4-10. 


2.4.5.2 Fuel Loading and Other Contents Optimization 


A single TRIGA ISF canister contained 108 TRIGA fuel elements for a total of 4.74 kilograms of 235U. 
Two canisters passed side-by-side or end-to-end contained a total of 9.48 kilograms of 235U for each 
configuration. These fuel loadings and configurations address the maximum reactivity conditions for the 
TRIGA canister. The nominal TRIGA fuel element fissile material content specified in the ISF Contract 
(39g 235U) was adjusted to account for variations in post-1964 fuel elements to provide the most reactive 
and bounding source term for criticality analysis. Manufacturing variations resulted in a higher uranium 
content and a greater H:Zr atom ratio. 


2.4.5.3 Criticality Results 


The results of these calculations are summarized in Table 2.4-1. These calculations show that a single dry 
ISF canister loaded with 108 TRIGA fuel elements with a 1-inch water reflector is subcritical, with a keff 
+2σ equal to 0.5741 (Case 9-1). The use of nominal reflection (equivalent to one inch of water) to allow 
for minor reflection from the building surfaces and equipment is standard practice. If a single dry canister 
is reflected with 12 inches of water, the keff +2σ value increases to 0.6063 (Case 9-2), which is also safely 
subcritical. A 12-inch water reflector was used to represent a maximum reflection for the canister. 


Two dry canisters loaded with 108 TRIGA fuel elements each and passed side-by-side with a 1-inch 
water reflector will remain safely subcritical, with a keff +2σ equal to 0.6056 (Case 9-3). Two dry 
canisters passed end-to-end with a 1-inch water reflector also remain subcritical, with a keff +2σ value of 
0.5755 (Case 9-5). If two dry canisters passed end-to-end are reflected with 12 inches of water, the keff 
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+2σ value increases to 0.6060 (Case 9-6), which is also safely subcritical. Cases 9-5 and 9-6 provide an 
indication of the sensitivity of the effective neutron multiplication to the water reflector thickness. 


If two canisters passed side-by-side are assumed to be flooded and reflected with 12 inches of water, the 
keff +2σ value increases to 0.8405, which is still safely subcritical. The SA and FPA design minimizes the 
possibility for any appreciable amount of water to enter these areas. Therefore, conditions analyzed in the 
flooded and reflected scenario are considered unlikely events to occur in either the SA or the FPA.  


2.4.6 References 


Characterization of TRIGA Fuel, N Tomsio, ORNL/Sub/86-22047/3, GA-C18542, October 1986. 


2.5 TRIGA WITH THREE SIDES OF CONCRETE REFLECTION 


2.5.1 Criticality Evaluation 


A criticality evaluation was performed to determine the maximum number of TRIGA fuel elements that 
can safely be handled in an uncontrolled, unconfined, and unmoderated condition in the ISF facility 
without exceeding criticality limits. In determining the maximum number of TRIGA fuel elements needed 
for critical conditions, the fuel was assumed to be reflected on three sides with concrete and reflected on 
three sides with one inch of water to account for minor reflection from the building surfaces and 
equipment. As described in the Accident Analysis subsection of SAR Section 8.2.5.3, Flood, the FPA is 
designed to prevent the ingress of floodwater. Additional design features that ensure the FPA is free of 
water include no water systems located in the FPA and the work bench (operating deck) elevation (4938.5 
feet) positioned above the maximum probable flood elevation (4920.71 feet). 


2.5.2 Discussion and Results 


These calculations show that the subcritical keff + 2σ upper safety limit of 0.9130 will be reached with 45 
TRIGA fuel elements in a hexagonal array and more than 53 elements in a square pitch array. The results 
of these calculations are summarized in Table 2.5-1 and Figure 2.5-1. 


2.5.3 Spent Fuel Loading 


Each TRIGA fuel with SS cladding assembly used in these calculations contained 43.875 grams of 235U. 
The nominal TRIGA fuel element fissile material content specified in the ISF Contract (39g 235U) was 
adjusted to account for variations in post-1964 fuel elements to provide the most reactive and bounding 
source term for criticality analysis. Manufacturing variations resulted in a higher uranium content and a 
greater H:Zr atom ratio. 


2.5.4 Model Specification 


2.5.4.1 Description of Calculational Model 


Typical MCNP models of the unmoderated and reflected fuel assemblies are shown in Figures 2.5-2 
through 2.5-4. Table 2.5-2 summarizes the modeled configuration. The number of assemblies was varied 
from problem to problem. 
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One model used was a hexagonal array of fuel elements that is as closely packed as possible. The other 
used a square pitch array with fuel packed as closely as possible. The dry array models were placed in the 
corner of 36-inch thick concrete walls and were closely reflected with one inch of water on the other 
boundaries of the array. The use of nominal reflection (equivalent to one inch of water) to allow for minor 
reflection from the building surfaces and equipment is standard practice. 


2.5.4.2 Regional Densities 


Table 2.5-3 summarizes the material atom density compositions used in this calculation.  


2.5.5 Criticality Calculations 


2.5.5.1 Calculational Methodology 


The MCNP4B2 code was used to determine the keff for various numbers of unmoderated and reflected 
arrays of TRIGA fuel elements. These values were used to determine the maximum number of assemblies 
that may be safely handled without presenting a criticality problem.  


2.5.5.2 Fuel Loading and Other Contents Optimization 


Each TRIGA fuel assembly used in these calculations contained 43.875 grams of 235U. The nominal TRIGA 
fuel element fissile material content specified in the ISF Contract (39g 235U) was adjusted to account for 
variations in post-1964 fuel elements to provide the most reactive and bounding source term for criticality 
analysis. Manufacturing variations resulted in a higher uranium content and a greater H:Zr atom ratio. 


Since there is no restriction on the geometry of the pile of fuel it was assumed that the fuel could collect 
in a corner of the cell, which would provide full concrete reflection on three sides. The reflection on the 
other three sides was taken to be nominal, equivalent to one inch of water, as is standard practice to allow 
for minor reflections from the building surfaces and equipment. Therefore, analyses were made with 
TRIGA fuel in a concrete corner, unmoderated, and reflected on the other three sides by one inch of 
water. Calculations were made for the fuel with a hexagonal pitch. This was expected to be the most 
reactive configuration, but calculations were also made with a square pitch because the fuel can be 
modeled with more tightly reflecting material. 


2.5.5.3 Criticality Results 


These calculations show that the subcritical keff + 2σ upper safety limit of 0.9130 will be reached with 45 
TRIGA fuel elements in a tightly packed dry hexagonal array reflected by one inch of water that is in a 
corner of the FPA. It will take 53 elements to reach the limit with the fuel packed in a square pitched 
array. Therefore, the hexagonal limit is controlling. Table 2.5-1 and Figure 2.5-1 summarize these results. 


2.5.6 References 


Characterization of TRIGA Fuel, N Tomsio, ORNL/Sub/86-22047/3, GA-C18542, October 1986. 
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2.6 BASKETS WITH TRIGA ELEMENTS IN THE FUEL PACKAGING AREA 


2.6.1 Criticality Evaluation 


This evaluation was made with MCNP (MCNP4B2) to determine whether two ISF Baskets, each containing 
54 TRIGA fuel elements, will remain safely subcritical if they are passed side-by-side in the ISF Fuel 
Packaging Area (FPA).  This case differs from the case discussed in Section 2.2 in that it uses a more general 
model of the fuel and basket and multiple cases are analyzed to evaluate the potential effect of neutron 
scatter from the inside of the FPA walls and basket flooding.   


2.6.2 Discussion and Results 


These calculations show that 2 dry ISF storage baskets loaded with 54 TRIGA fuel elements each, and 
passed side-by-side in the FPA, remain safely subcritical, with a keff + 2σ equal to 0.6273. The use of 
nominal reflection (equivalent to one inch of water) to allow for minor reflection from the building 
surfaces and equipment is standard practice. The keff + 2σ value drops to 0.5332 with no water reflector.  


If the ISF baskets are assumed to be flooded, the keff + 2σ value increases to 0.8543 with a 12-inch water 
reflector, which is still subcritical. The possibility of these conditions existing is considered very unlikely 
because as described in the Accident Analysis subsection of SAR Section 8.2.5.3 Flood, the FPA is 
designed to prevent the ingress of floodwater. Additional design features that ensure the FPA is free of 
water include no water systems are located within the FPA and the work bench (operating deck) elevation 
(4938.5 feet) is above the maximum probable flood elevation (4920.71 feet). Also, the basket does not 
contain an external shell to hold the water.  


The results of these calculations are summarized in Table 2.6-1. 


2.6.3 Spent Fuel Loading 


Each TRIGA ISF basket contained 54 TRIGA fuel elements for a total of 2.37 kilograms of 235U per 
basket. The nominal TRIGA fuel element fissile material content specified in the ISF Contract (39g 235U) 
was adjusted to account for variations in post-1964 fuel elements to provide the most reactive and 
bounding source term for criticality analysis. Manufacturing variations resulted in a higher uranium 
content and a greater H:Zr atom ratio. The two baskets contained a total of 4.74 kilograms of 235U.  


2.6.4 Model Specification 


2.6.4.1 Description of Calculational Model 


The MCNP model for the dry TRIGA ISF baskets with a 1-inch water reflector is shown in Figures 2.6-1 
and 2.6-2. Note that a reflective surface was used on one side of the basket to simulate 2 baskets 
side-by-side. Table 2.6-2 summarizes the modeled configurations. 


2.6.4.2  Regional Densities 


Table 2.6-3 summarizes the material atom density compositions used in this calculation. 
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2.6.5 Criticality Calculations 


2.6.5.1 Calculational Methodology 


The MCNP4B2 code was used to calculate the keff value to demonstrate that two baskets of TRIGA fuel 
passed side-by-side in the FPA would be safely subcritical. 


2.6.5.2 Fuel Loading and Other Contents Optimization 


Each TRIGA fuel assembly used in these calculations contained 43.875 grams of 235U. There are 108 fuel 
assemblies per canister. The nominal TRIGA fuel element fissile material content specified in the ISF 
Contract (39g 235U) was adjusted to account for variations in post-1964 fuel elements to provide the most 
reactive and bounding source term for criticality analysis. Manufacturing variations resulted in a higher 
uranium content and a greater H:Zr atom ratio. 


There is a potential for two ISF baskets containing TRIGA fuel to be passed side-by-side during 
operations in the FPA. No water would normally be present during normal or accident conditions, so the 
model assumes dry conditions within the baskets and between the baskets. A 1-inch water reflector was 
used to account for minor reflection from building surfaces and equipment. The use of nominal reflection 
(equivalent to one inch of water) to allow for minor reflection from the building surfaces and equipment 
is standard practice. A second case was run with no water reflection to assess the impact of far field 
reflection on the calculated keff value. A third case was run with the baskets flooded and with a 12-inch 
reflector. 


2.6.5.3 Criticality Results 


Table 2.6-1 summarizes the results of these calculations. These calculations show that two dry ISF 
storage baskets loaded with 54 TRIGA fuel elements each, and passed side-by-side in the FPA, remain 
safely subcritical, with a keff + 2σ equal to 0.6273 (Case 15-1). A 1-inch water reflector was included to 
account for reflection from the floor, walls, etc. The keff + 2σ value drops to 0.5332 (Case 15-2) with no 
water reflector.  


If the baskets are assumed to be flooded, the keff + 2σ value increases to 0.8543 (Case 15-3) with a 12-
inch water reflector, which is still safely subcritical. The possibility of these conditions existing in the 
FPA is considered very unlikely because there is no water available in the facility and it is located above 
the maximum 100 year floodplain. Also, the basket does not contain an external shell to hold the water. 


2.6.6 References 


Characterization of TRIGA Fuel, N Tomsio, ORNL/Sub/86-22047/3, GA-C18542, October 1986 


2.7 TRIGA BASKET OF STAINLESS STEEL CLAD ELEMENTS VERSUS 
ALUMINUM CLAD ELEMENTS 


2.7.1 Criticality Evaluation 


The keff value of stainless steel clad TRIGA fuel was computed and compared against a similar 
configuration of aluminum clad TRIGA fuel to determine the more reactive of the two fuel systems.  
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MCNP4C was used to determine keff of the two systems.  The more reactive fuel type was subsequently 
used in the other criticality safety evaluations. 


2.7.2 Discussion and Results 


TRIGA fuel was modeled in a fully loaded ISF TRIGA fuel basket configuration.  This arrangement 
consists of 54 fuel elements per basket.  Each fuel configuration (stainless steel clad and aluminum clad) 
was analyzed in both a dry state and fully flooded environment.  Full density water was used as the 
moderator and reflector in the fully flooded cases. 


TRIGA fuel baskets in a dry environment served as the baseline for this analysis.  Stainless steel clad fuel 
elements in the dry environment configuration resulted in a computed keff + 2σ of 0.4871.  A similar 
configuration of aluminum clad fuel elements had a calculated keff + 2σ of 0.2804, just over 50% of the 
computed value for the stainless steel clad fuel element system. 


Although the keff values for the flooded scenarios were notably higher, the difference between the two 
systems was not as large.  The highest keff was recorded for the fully flooded stainless steel clad TRIGA 
fuel basket.  In this case, keff + 2σ was calculated to be 0.8030.  A flooded basket of aluminum clad 
TRIGA fuel had a calculated keff + 2σ of 0.7488. 


The analysis demonstrated that stainless steel clad fuel is the more reactive of the two fuel types and was 
the more conservative selection used for other calculations supporting the criticality safety evaluation.  
Results are summarized in Table 2.7-1. 


2.7.3 Spent Fuel Loading 


Stainless steel clad TRIGA fuel contained a 235U loading of 43.875 grams.  Aluminum clad TRIGA fuel, 
on the other hand, had a nominal 235U loading of 36 grams.  A basket of stainless steel clad fuel elements 
thus contained 2.37 kg of 235U, while a full basket of aluminum clad TRIGA fuel elements contained 1.94 
kg of 235U. 


2.7.4 Model 


2.7.4.1 Description of Calculation Model 


The MCNP model of the TRIGA fuel basket is shown in Figures 2.7-1 and 2.7-2.  Table 2.7-2 
summarizes the modeled properties of each fuel element.  As previously mentioned, the basket 
configuration was the same for both the stainless steel TRIGA fuel system and the aluminum clad fuel 
system.  Variations in the fuel loading, enrichment, and slight changes in geometry were the only 
differences between the two models. 


For this evaluation the gadolinium phosphate neutron poison was not removed from the center of the 
basket.  Removal of the poison was not necessary because the calculations were merely a comparative 
analysis of the reactivity of a stainless steel clad fuel element configuration against the reactivity of an 
aluminum clad fuel element configuration.  Most important was that the two configurations were identical 
allowing for direct comparison of the end result.  This criterion was met by setting up the model to be a 
fully loaded ISF TRIGA basket including the gadolinium phosphate. 
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2.7.4.2 Regional Densities 


Both the stainless steel and aluminum clad fuel types have an UZrHx fuel matrix, where the subscript x 
represents the H:Zr (hydride) ratio.  Table 2.7-3 summarizes the material atom density compositions for 
materials used in these calculations.  


2.7.5 Criticality Calculations 


2.7.5.1 Calculation Methodology 


The MCNP4C code was used to determine the effective multiplication factor for a basket full of TRIGA 
fuel with stainless steel cladding and a basket containing aluminum clad fuel.  The resulting values were 
used to determine which fuel type, either the stainless steel clad fuel or the aluminum clad fuel, was the 
more reactive of the two fuel types.  Each basket configuration was evaluated in a dry configuration and 
then fully flooded and reflected. 


2.7.5.2 Fuel Loading and Other Contents Optimization 


Stainless steel clad TRIGA fuel elements evaluated contained a 43.875-gram 235U fuel loading.  Each 
element had approximately 9-weight % total uranium enriched to 20% in 235U.  Aluminum clad elements 
contained a nominal 36-gram 235U fuel.  Each aluminum-clad element had 8.0 weight % total uranium 
enriched to 20% in 235U.  Hydrogen-zirconium ratios were 1.7 and 1.0 for stainless steel clad and 
aluminum clad fuel elements, respectively. 


A water moderator and reflector was added to the baseline dry model to ensure the presence of a 
moderator would also demonstrate that stainless steel clad fuel was the more reactive fuel type. 


2.7.5.3 Criticality Results 


These calculations show that the stainless steel clad fuel elements are the more reactive fuel system.  The 
highest keff + 2σ value of 0.8030 was obtained for stainless steel clad fuel elements in a fully moderated 
and reflected ISF basket configuration.  In contrast the fully flooded ISF basket configuration containing 
aluminum clad fuel produced a keff + 2σ value of 0.7488.  Dry configurations produced an even wider 
variation in keff values. 


2.7.6 References 


Characterization of TRIGA Fuel, N. Tomsio, ORNL/Sub/86-22047/3, GA-C18542, October 1986. 
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3.0 PEACH BOTTOM FUEL 


3.1 PEACH BOTTOM SIDE-BY-SIDE ARRAYS OF 18 ELEMENTS EACH 


3.1.1 Criticality Evaluation 


Peach Bottom Core 1 fuel will be shipped to the ISF facility in groups of 18 fuel elements that are 
referred to as fuel-handling units (FHUs).  The fuel elements will be delivered in individual cans; 
however, for  this calculation the cans were not included in the calculation model.  This allowed a tighter 
geometric configuration and removed the metal cans that would have reduced the reactivity of the array of 
Peach Bottom fuel elements. 


The calculation was performed to assure that two FHUs passing in close proximity would remain 
subcritical.  This calculation is necessary since the ISF facility may receive more than one FHU during 
handling of Peach Bottom fuel.  It is unlikely that two full arrays of 18 elements would be handled in ISF 
facility simultaneously because the first FHU would have had some elements removed and packaged into 
an ISF basket and canister and subsequently removed from the FPA.  Two full FHUs were considered in 
this calculation as a conservative calculation methodology. 


3.1.2 Discussion and Results 


The MCNP code was used to determine the keff for an 18 element unmoderated, unreflected array of 
Peach Bottom fuel.  The keff for the same 18-element array was then computed in a moderated and 
reflected configuration.  Selection of 18 elements was based on the maximum number of Peach Bottom 
fuel elements delivered to the ISF facility in the Peach Bottom cask.  Computed values of keff were used 
to demonstrate that two of the 18 element arrays in closed proximity would be subcritical.  Results are 
summarized in Table 3.1-1. 


3.1.3 Spent Fuel Loading 


Peach Bottom fuel compacts consisted of carbides of uranium (enriched to 93.15% 235U at beginning of 
life) and thorium, uniformly dispersed as coated particles in a graphite matrix.  Each compact, which was 
approximately 7.62 cm long, contained an initial 235U loading of 9.70 grams.  Thirty of these compacts 
formed the fuel assembly for a total 235U loading of 291.0 grams. 


3.1.4 Model Specifications 


3.1.4.1 Description of Calculation Model 


The MCNP model of the side-by-side Peach Bottom arrays is shown in Figures 3.1-1 and 3.1-2.  
Table 3.1-2 summarizes the modeled properties of each fuel element. 


3.1.4.2 Regional Densities 


MCNP is capable of accepting material specifications in a number of forms.  The most fundamental of the 
available forms is in terms of the atom densities of each isotope, expressed in units of atoms per barn 
centimeter.  MCNP internally converts material specifications in the other forms to atom densities in 
atoms per barn centimeter, using program specific values of Avogadro’s constant, isotopic mass, and 
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isotopic abundance.  Material atom densities used in the Peach Bottom array analysis are summarized in 
Table 3.1-3.  Graphite is the exception because this material was entered using its density as opposed to 
developing an atom density. 


3.1.5 Criticality Calculations 


3.1.5.1 Calculation Methodology 


The MCNP4C code (Monte Carlo N-Particle Transport Code System) was used to perform the criticality 
calculations.  Calculations were performed on two 18-element arrays of Peach Bottom fuel, each array 
having a pitch of 9 cm.  Approximately 9 cm separated the two arrays from one another remaining 
consistent with the pitch of the arrays themselves. 


3.1.5.2 Fuel Loading and Other Contents Optimization 


The Peach Bottom fuel element consisted of 30 fuel compacts, each approximately 7.62 cm long, 
comprising an active fuel length of 228.6 cm.  A stack of Type A fuel compacts was located above a stack 
of Type C fuel compacts, which is located above another stack of Type A fuel compacts.  As mentioned 
previously, Peach Bottom fuel compacts consisted of carbides of uranium (enriched to 93.15% 235U at 
beginning of life) and thorium, uniformly dispersed as coated particles in a graphite matrix.  Each 
compact contained an initial 235U loading of 9.70 grams.  Thirty of these compacts formed the active fuel 
section for a total 235U loading of 291.0 grams. 


A water moderator and reflector was added to the baseline dry model as a very conservative analysis to 
demonstrate that a moderated and reflected pair of arrays would be subcritical. 


3.1.5.3 Criticality Results 


Two arrays of Peach Bottom fuel consisting of 18 elements each will remain subcritical in close 
proximity to one another.  This analysis demonstrated this to be true for a dry environment evaluation and 
an evaluation of a moderated, reflected set of arrays.  As expected the higher keff + 2σ value of 0.8594 
was obtained for moderated and reflected case. 


3.1.6 References 


Characterization of Peach Bottom Unit 1 Fuel, R.P. Morisette, N. Tomsio, J. Razvi, ORNL/Sub/86-
22047/2, GA-C18525, October 1986. 


3.2 CRITICALITY OF CRUSHED PEACH BOTTOM FUEL ASSEMBLIES 
MODERATED WITH GRAPHITE 


3.2.1 Criticality Evaluation 


As DOE’s contractor, FWENC performed bounding calculations to determine the keff of graphite 
moderated Peach Bottom fuel, assuming that all the fuel and graphite in multiple fuel elements was 
crushed. The analyses assumed that the fragmented fuel assemblies formed a graphite reflected sphere. 
These calculations determined the number of crushed/shattered fuel assemblies that are needed to reach 
the criticality safety limit of keff + 2σ ≤ 0.95. 
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The DOE also performed criticality analyses for the Peach Bottom fuel.  Although DOE assumed that the 
Peach Bottom fuel was rubblized, they did not consider the non-mechanistic separation of graphite from 
the fuel and subsequent redistribution as a sphere surrounding the fuel material. 


3.2.2 Discussion and Results 


The results of these calculations show that in the crushed condition, assumed geometry, and a mix density 
of 2.14 g/cm3, significantly more than 21 assemblies can be crushed before the limit set by the validation 
study of keff  + 2σ < 0.9304 is approached.  A density of 2.14 g/cm3 corresponds to UC2 and ThC2 fuel 
compacts and could only be produced if all the broken fuel pieces were highly compressed into a solid 
spherical fuel/graphite mass.  Such compression would require an external force, but no such force is 
present.  Therefore, this scenario is only hypothetical in nature. 


The DOE analyses, which assumed that the fuel is rubblized into a homogenous mixture, required greater 
than 18 Peach Bottom fuel elements to achieve a keff of greater than 0.95. Since no more than 18 Peach 
Bottom fuel elements will be transferred to the ISF Facility in a single fuel container, no criticality 
concern has been identified. 


3.2.3 Spent Fuel Loading 


Spent fuel loading is the same as described in Section 3.1.3. 


3.2.4 Model Specification 


3.2.4.1 Description of Calculational Model 


The Peach Bottom Core 1 fuel compacts consisted of carbides of uranium enriched to 93.15% 235U at the 
beginning of life and thorium, uniformly dispersed as coated particles in a graphite matrix. The total 
carbon within the carbide substrates was between 11% and 16%, by weight. The pyrolytic carbon-coated 
particles were between 210 and 595 μm in diameter, with a coating thickness of 55 μm. 


The fuel region of a Peach Bottom fuel element is composed of 30 fuel compacts (disks). For this model 
the graphite in the fuel compacts was evenly homogenized with the fuel. The homogenized mixture was 
modeled as a sphere with a volume equivalent to that of the fuel compact cylinders. The remaining 
graphite mass in the fuel elements was assumed to form a reflecting shell surrounding the homogenized 
fuel/graphite sphere.  The sphere size was varied from a volume equal to that from 3 assemblies to that 
from 21 assemblies. Figure 3.2-1 illustrates a Peach Bottom fuel element. Figure 3.2-2 shows the MCNP 
model that was used to support the analysis. 


As described in SAR Appendix A, Section 4.7.1.2.2 Peach Bottom Core 2 Packaging, the Peach Bottom 
Unit 1 Core 2 fuel elements have been in dry storage at INTEC. They are transferred in a dry Peach 
Bottom Transfer Cask. In addition, as further described in SAR Appendix A, the Peach Bottom 1 Core 2 
packaging involves the use of three steel liners (the outer Cask Liner, the middle Canister Overpack, and 
the inner IFSF Fuel Storage Can) that each has a welded bottom plate to the cylindrical portion of the 
liner. Each of these liners prevents water from entering from the bottom portion of the respective liner. 
Thus, during normal and off-normal conditions the fuel is in a dry condition. In the case of the accident 
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condition involving a flood, the maximum probable flood elevation is 4920.71 feet and the Transfer Cask 
bottom is at elevation 4920.5 feet (refer to SAR Section 3.2.2.4 Flood Protection).  


However, in order to assess the sensitivity of the modeled system to additional moderation, calculations 
were run assuming a 30.5 cm (12-inch) layer of water surrounding the outer graphite reflector.  Each base 
configuration was run both with and without the presence of this additional water reflector. 


Table 3.2-1 summarizes the modeled configuration. 


3.2.4.2 Regional Densities 


The input data for the size and composition of the microspheres and fuel /graphite mixtures was taken 
from DOE/SNF/REP-041 and Contract Attachment C-A-A. In addition GA-C18525, ORNL/Sub/86-
22047/2 shows that there are 33 kg of carbon per element. This additional carbon was assumed to form a 
reflecting shell surrounding the homogenized fuel/graphite sphere.  


Table 3.2-2 summarizes the MCNP material atom densities used in these calculations. The fuel/graphite 
density was calculated to be 2.14 g/cm3 based on the mass of fuel and carbon present in the compacts. 
The 2.14 g/cm3 could only be produced if all the broken pieces were highly compressed into a solid mass, 
and there is no mechanism for that to happen. This represents a limiting case. 


3.2.5 Criticality Calculations 


3.2.5.1 Calculational Methodology 


The MCNP4C code (Monte Carlo N-Particle Transport Code System, CCC-700, Radiation Safety 
Information Computational Center, Oak Ridge National Laboratory) was used for the criticality 
calculations. The keff was determined for graphite moderated Peach Bottom fuel in a spherical 
configuration (see Figure 3.2-2) with the MCNP code. 


3.2.5.2 Fuel Loading and Other Contents Optimization 


Spent fuel loading is the same as described in Section 3.1.3. 


3.2.5.3 Criticality Results 


The results of these calculations, both with and without additional reflection by water, are shown in 
Table 3.2-3 and Figure 3.2-3. The results show a moderate sensitivity to the addition of reflecting material 
(i.e., water) surrounding the outer graphite shell.  However, the calculated values of keff did not approach 
the upper safety limit, even when 21 fuel elements were assumed to be crushed and reconfigured into a 
spherical configuration and additional moderation provided by an outer layer of water. 


3.2.6 References 


Section C, Attachment C-A-A, “Fuel and Fuel Package Description”, to DOE Contract DE-AC07-
00ID13729. 


GA-C18525, ORNL/Sub/86-22047/2, Characteristics of Peach Bottom Unit 1 Fuel, R. P. Morissette et al., 
October 1986. 
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3.3 PEACH BOTTOM ELEMENTS IN STORAGE CANISTER 


3.3.1 Criticality Evaluation 


The purpose of this calculation is to determine the reactivity of the Peach Bottom spent fuel elements in 
the ISF storage canister configuration as a function of spacing between the elements and as a function of 
moderation and reflection. The results of these calculations will be used in a nuclear criticality safety 
assessment for handling the Peach Bottom spent fuel elements in ISF Facility. 


3.3.2 Discussion and Results 


The criticality analyses for moderated conditions with the 18 elements in a hexagonal array and 0.1 cm 
separation distance edge to edge shows that 18 Peach Bottom fuel elements will have a maximum keff + 
2σ = 0.913 for full density water between the fuel elements. Hexagonal arrays of Peach Bottom fuel 
elements ranging from 6 to 37 fuel elements were analyzed. 


3.3.3 Spent Fuel Loading 


Spent fuel loading is the same as described in Section 3.1.3. 


3.3.3.1 Description of Calculational Model 


The number of Peach Bottom fuel elements was varied from 6 to 37 and the analyses were done with and 
without moderation and reflection for these criticality analyses. The number of fuel elements was varied 
by removing the fuel elements from an outer surface of the hexagonal model. As an example, four 
elements along one surface were removed to change the MCNP model for 37 elements (Case 26C-1), to 
the model for 33 elements (Case 26C-2). Figure 3.2-1 illustrates a Peach Bottom fuel element. Typical 
Peach Bottom arrays used in these analyses are shown in Figures 3.3-1, 3.3-2, 3.3-3 and 3.3-4. The fuel 
elements and the graphite reflector and spine were modeled both dry and containing entrained water 
(saturated). Table 3.3-1 summarizes the modeled configuration. 


Fuel compact composition types A and C in Table 3.3-2 were used for the criticality analyses to make the 
Type II fuel elements which are the majority of the fuel elements, as shown in Table 3.3-3. As shown in 
Table 3.3-2 and 3.3-3, Type II fuel is the combination with the maximum amount of U235 and the 
minimum amount of thorium, rhodium, or poison in the spines. It is therefore the most reactive element. 


3.3.3.2 Regional Densities 


Peach bottom fuel material atom density compositions are shown on Table 3.3-4. 


3.3.4 Criticality Calculations 


3.3.4.1 Calculational Methodology 


The MCNP Monte Carlo radiation transport program, MCNP4B2, Monte Carlo N-Particle Transport 
Code System, CCC-660, Radiation Safety Information Computational Center, Oak Ridge National 
Laboratory, Oct 1997 (MCNP1997) was used for the criticality calculations. 
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3.3.4.2 Fuel Loading and Other Contents Optimization 


Hexagonal arrays of Peach Bottom fuel elements ranging from 6 to 37 fuel elements were analyzed. 


3.3.4.3 Criticality Results 


The criticality analyses for moderated conditions with the 18 elements in a hexagonal array and 0.1 cm 
separation distance edge to edge shows that 18 Peach Bottom fuel elements will have a maximum value 
of keff + 2σ = 0.913 for full density water between the fuel elements. Hexagonal arrays of Peach Bottom 
fuel elements ranging from 7 to 37 fuel elements were analyzed. Results of the calculation are shown in 
Tables 3.3-5 and 3.3-6 and Figures 3.3-5 through 3.3-10.  


3.3.5 References 


Section C, Attachment C-A-A, DOE Contract No. DE-AC07-00ID13729, ‘Fuel and Fuel Package 
Descriptions. 


3.4 PEACH BOTTOM CANISTERS IN STORAGE TUBES 


3.4.1 Criticality Evaluation 


The purpose of this calculation is to calculate the reactivity of Peach Bottom ISF canisters filled with 10 
elements and placed in a storage tube. The reactivity of a single tube up to an infinite array of tubes was 
evaluated as a function of moderation and reflection. The results of these calculations are used in the 
nuclear criticality safety assessment for handling the Peach Bottom spent fuel canisters in the ISF Facility. 
This calculation was used as the basis for estimating the reactivity associated with the movement of a 
filled canisters past another filled canister. 


3.4.2 Discussion and Results 


The maximum calculated value of reactivity was keff + 2σ = 0.496 for an infinite array of storage tubes at 
optimum spacing, 1.1 cm edge to edge. This is more reactive than will be encountered with the actual 
storage tube spacing. The criticality analyses for the stored fuel show that the reactivity does not change 
significantly if the storage vault is flooded or if the storage tube steel walls were replaced with water. The 
movement of one filled canister past another filled canister is not a possibility but it does bound the 
reactivity associated with any type of charging accident. Reactivity of double stacking in a tube is less 
because the neutron interaction between side-by-side canisters is greater than the interaction between 
canisters end-to-end. 


3.4.3 Spent Fuel Loading 


A Peach Bottom fuel element contains 291 grams of 235U, which results in a total of 2.91 kilograms of 
235U for a Peach Bottom ISF basket containing 10 Peach Bottom fuel elements.  
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3.4.4 Model Specification 


3.4.4.1 Description of Calculational Model 


The Peach Bottom fuel elements were modeled using the dimensions in Figure 1-1 which is included in 
this document as Figure 3.2-1. Table 1-4 describes the fuel elements and is included here as Table 3.4-1, 
the fuel compositions in Table 1-1 are included in Table 3.3-2. Table 1-2  is included as Table 3.3-3 and 
shows the four different types of fuel elements that were fabricated and used in the Peach Bottom reactor. 
Tables 3.3-2 and 3.3-3 indicate that fuel compacts were types A,B,C, and D and fuel elements are types 
I,II,III, and IV. The majority of elements were type II, which were also the most reactive, and the majority 
of fuel compacts were type C. Therefore the Type C fuel compact composition was used for these 
criticality calculations. The fuel elements and the graphite reflector and spine were analyzed both dry and 
containing entrained water (saturated). Table 3.4-2 summarizes the model configurations. 


The Peach Bottom fuel storage basket loaded with 10 fuel elements was analyzed for a number of wet and 
dry conditions. The basket was modeled in the canister in a storage tube. These analyses used reflecting 
planes to model arrays of 2 storage tubes, 4 storage tubes, and an infinite array of storage tubes. The 
infinite array was also analyzed with the storage tube metal replaced with water. Views of the model are 
included as Figures 3.4-1, 3.4-2, and 3.4-3. The fuel elements are loaded into the ISF fuel baskets and the 
fuel basket is then placed in the ISF canister which is then inserted into the storage tubes. 


3.4.4.2 Regional Densities 


Peach Bottom fuel material atom density compositions are the same as used in the calculation described 
in Section 3.3 and are provided in Table 3.3-4. 


3.4.5 Criticality Calculations 


3.4.5.1 Calculational Methodology 


The MCNP Monte Carlo radiation transport program, MCNP4B2, Monte Carlo N-Particle Transport 
Code System, CCC-660, Radiation Safety Information Computational Center, Oak Ridge National 
Laboratory, Oct 1997 (MCNP1997) was used for the criticality calculations. 


3.4.5.2 Fuel Loading and Other Contents Optimization 


A Peach Bottom fuel element contains 291 grams of 235U, which results in a total of 2.91 kilograms of 
235U for a Peach Bottom basket containing 10 Peach Bottom fuel elements. 


3.4.5.3 Criticality Results 


Table 3.4-3 summarizes the results of the criticality calculations. The maximum calculated value of 
reactivity was keff + 2σ = 0.496 for an infinite array of storage tubes at optimum spacing of 1.1 cm edge to 
edge. This is more reactive than will be encountered with the actual storage tube spacing. The criticality 
analyses for the stored fuel show that the reactivity does not change significantly if the storage vault is 
flooded or if the storage tube steel walls were replaced with water. The fuel is expected to be dry rather 
than the saturated condition used in the most reactive configuration. 
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3.4.6 References 


Section C, Attachment C-A-A, DOE Contract No. DE-AC07-00ID13729, ‘Fuel and Fuel Package 
Descriptions’. 


3.5 PEACH BOTTOM AND TRIGA CANISTERS IN STORAGE TUBES 


3.5.1 Criticality Evaluation 


The purpose of this calculation is to calculate the reactivity of the Peach Bottom and TRIGA spent fuel 
element storage canisters in storage tubes in the storage facility array configuration. The results of these 
calculations will be used in a nuclear criticality safety assessment for handling the Peach Bottom spent 
fuel canisters in ISF Facility. 


3.5.2 Discussion and Results 


The maximum calculated value of reactivity was keff + 2σ = 0.838 for a single Peach Bottom fuel canister 
in a storage tube combined with a single TRIGA fuel canister in a storage tube for a storage tube spacing 
of 34 inches on centers. There is no criticality concern for the spent fuel storage facility as long as the fuel 
elements are retained within the basket and canister. 


The neutron interactions between the Peach Bottom fuel and the TRIGA fuel for the side-by-side 
configuration are greater than the interactions for an end-to-end configuration. Thus, the results serve as 
an upper limit for the end-to-end configuration. 


3.5.3 Spent Fuel Loading 


A Peach Bottom fuel element contains 291 grams of 235U, which results in a total of 2.91 kilograms of 
235U for a Peach Bottom basket containing 10 Peach Bottom fuel elements. A TRIGA fuel element 
contains 43.875 grams of 235U, which results in a total of 2.37 kilograms of 235U for a full TRIGA basket 
containing 54 TRIGA fuel elements. The nominal TRIGA fuel element fissile material content specified 
in the ISF Contract (39g 235U) was adjusted to account for variations in post-1964 fuel elements to 
provide the most reactive and bounding source term for criticality analysis. Manufacturing variations 
resulted in a higher uranium content and a greater H:Zr atom ratio. 


3.5.4 Model Specification 


3.5.4.1 Description of Calculational Model 


The Peach Bottom fuel element dimensions are included as Figure 3.2-1. Fuel element descriptions are 
included in Table 3.4-1. The fuel compositions are included as Table 3.3-2. Table 3.3-3 shows the four 
different types of fuel elements that were fabricated and used in the Peach Bottom reactor. Fuel compacts 
of Type C are the most reactive and the majority of fuel elements from Table 3.3-3. Therefore, the Type C 
fuel composition was used for these criticality calculations. The Peach Bottom fuel elements and graphite 
reflector and spine are modeled containing entrained water (saturated) for these analyses. The saturated 
fuel elements include a 20% void fraction that is assumed to be filled with water. Table 3.4-2 summarizes 
the modeled configuration for Peach Bottom fuel. 
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The spent fuel ISF storage basket in each ISF canister in the ISF storage tube were modeled as shown in 
Figure 3.4-1. The Peach Bottom fuel storage basket contains 10 fuel elements and is stored in fuel storage 
tubes in the basket in the locations as shown in Figure 3.4-3. 


The TRIGA fuel elements were modeled using the dimensions in Figure 3-1 and the material descriptions 
in Table 3-1, of the DOE Contract. Figure 3-1 is included as Figure 3.5-1 and Table 3-1 is included as 
Table 3.5-1. The fuel rod ISF basket model was based on the basket drawing, shown in Figure 3.5-2. The 
TRIGA ISF canister containing two baskets is shown in Figure 3.5-3. The TRIGA impact plate and 
canister head details are included in Figure 3.5-3. Each basket contains 54 fuel elements as shown in the 
cross-section view through the MCNP model in Figure 3.5-4. The fuel elements are stored in the ISF 
basket in storage pipes in the locations as shown in Figure 3.5-4. Figure 3.5-5 is a plan view for the 
MCNP model of the TRIGA and Peach Bottom fuel canisters and storage tubes. A poison rod is placed in 
the TRIGA basket center position and it is not possible to load fuel elements in that position. No credit 
was taken for the neutron poison rod in the calculation. Tables 3.4-2 and 3.5-2 summarize the Peach 
Bottom and TRIGA modeled configurations. 


The water density between the storage tubes was varied from dry (0 g/cm3) to 1 g/cm3 to evaluate the 
sensitivity of the reactivity as a function of interspersed moderation. Results from varying the density are 
shown in Table 3.5-3. 


3.5.4.2 Regional Densities 


Peach Bottom fuel material atom density compositions are the same as used in previous calculations and 
are provided in Table 3.3-4. Table 3.5-4 summarizes the material atom density compositions for TRIGA 
fuel materials. 


3.5.5 Criticality Calculations 


3.5.5.1 Calculational Methodology 


The MCNP Monte Carlo radiation transport program, MCNP4B2, MCNP1997 was used for the criticality 
calculations. All calculations associated with this report were performed using the MCNP4B2 Monte 
Carlo Code, and the ENDF/B-VI cross section library.  


3.5.5.2 Fuel Loading and Other Contents Optimization 


A Peach Bottom fuel element contains 291 grams of 235U, which results in a total of 2.91 kilograms of 
235U for a Peach Bottom basket containing 10 Peach Bottom fuel elements. A TRIGA fuel element 
contains 43.875 grams of 235U, which results in a total of 2.37 kilograms of 235U for a full TRIGA basket 
containing 54 TRIGA fuel elements. Note that the TRIGA fuel element was conservatively modeled 
without the 0.25-inch diameter hole through the center of the fuel. Because the density was not adjusted 
the resulting fissile mass loading is approximately 3% higher than it would be if the hole were included in 
the model.  


3.5.5.3 Criticality Results 


The maximum calculated value of reactivity was keff + 2σ = 0.838 for a single Peach Bottom fuel canister 
and a single TRIGA fuel canister in separate storage tubes spaced 34 inches on centers. The criticality 
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analyses for the stored Peach Bottom fuel in an infinite array of fuel canisters in storage tubes showed that 
the reactivity does not change significantly for a flooded storage vault or if the storage tube steel walls are 
replaced with water. This is documented in Section 3.4. The maximum calculated value of reactivity for 
an infinite array of Peach Bottom fuel canisters in storage tubes was keff + 2σ = 0.496. 


The maximum calculated value of reactivity for storage vault fully loaded with TRIGA fuel canisters in 
storage tubes was keff + 2σ = 0.815. This is documented in Section 2.3. Thus there is no criticality concern 
as long as the fuel elements are intact and retained within the basket and canister. 


The neutron interactions between the Peach Bottom fuel and the TRIGA fuel for the side-by-side 
configuration are greater than the interactions for an end-to-end configuration. Thus, the results serve as 
an upper limit for the end-to-end configuration. 


3.5.6 References 


Section C, Attachment C-A-A, Contract No. DE-AC07-00ID13729, ‘Fuel and Fuel Package Descriptions.  
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4.0 SHIPPINGPORT FUEL 


4.1 REFLECTOR RODS IN AN INFINITE ARRAY 


4.1.1 Criticality Evaluation 


Criticality analyses are required for all fuel that will be brought into the ISF storage facility. The only 
Shippingport components that are currently planned to be stored in the ISF storage vault are the reflector 
assemblies. Therefore, bounding criticality analyses were performed for the reflector rods. The active 
region of the fuel rods is composed of reflector pellets (about 140 pellets/rod). This is considered a non-
credible event, since it is not possible to create an infinite array of fuel pellets or rods. This case was 
performed to determine if the Shippingport reflector fuel (Type IV and V assemblies, and loose rods) 
represents any criticality hazard. 


4.1.2 Discussion and Results 


These MCNP (MCNP4B2) calculations show that an infinite array of dry reflector pellets will have a keff 
of 0.185 (keff of 0.184 + 2σ=0.001). The array of pellets was considered to be dry because water flooding 
of the pellets after an accident involving the release of the pellets from the rods is considered incredible. 


The calculations show that an infinite array of water moderated reflector rods with an optimum triangular 
pitch spacing of one inch will have a keff of 0.652 (keff of 0.649 +2σ of 0.003). Therefore, reflector 
assemblies will be critically safe in all credible condition in the ISF Facility. 


4.1.3 Spent Fuel Loading 


The maximum post irradiation fissile content measured for any rod was 39.7 grams (WAPD-TM-1614). 
The entire 39.7 grams was assumed to be U-233 for all rods in these calculations. 


4.1.4 Model Specification 


4.1.4.1 Description of Calculational Model 


Calculations were performed for an infinite array of unmoderated reflector pellets, and for an infinite 
array of moderated rods with varying pitch. The pellet and rod dimensions were taken from WAPD-TM-
1208. 


The MCNP geometry for the rod calculations is shown in Figures 4.1-1 and 4.1-2. The model is a single 
rod with a triangular pitch. The infinite array is generated by putting reflecting surfaces on all sides of the 
model. An inch of water was placed above and below the rod prior to the reflecting surfaces on the top 
and bottom. Table 4.1-1 summarizes the modeled configuration. 


4.1.5 Criticality Calculations 


4.1.5.1 Calculational Methodology 


MCNP4B2 was used to determine the reactivity of this fuel. At the beginning of life the reflector 
assembly rods were composed of Zr clad ThO2 pellets only, but reactor operation bred U-233 (and 
significantly less other fissile materials) into the assemblies. Therefore, criticality calculations were 
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performed for post irradiation reflector components. The U-233 content for these calculations was taken 
from the maximum post-irradiation measurement of reflector rods (WAPD-TM-1614). The remainder of 
the post irradiation composition was taken from Attachment C-A-A. Calculations were performed for an 
infinite array of unmoderated reflector pellets, and for an infinite array of moderated rods with varying 
pitch.  


4.1.5.2 Fuel Loading and Other Contents Optimization 


The maximum post irradiation fissile content measured for any rod was 39.7 grams (WAPD-TM-1614). 
The entire 39.7 grams was assumed to be U-233 for all rods in these calculations. The maximum post 
irradiation rod loadings were taken from WAPD-TM-1614 and the resulting MCNP input data are given 
in Table 4.1-2. 


4.1.5.3 Criticality Results 


These MCNP (MCNP4B2) calculations show that an infinite array of dry reflector pellets will have a keff 
of 0.184 and 1 σ of 0.0005. 


The calculations show that an infinite array of water moderated reflector rods with an optimum triangular 
pitch spacing of one inch will have a keff of 0.649 and σ of 0.0015. Table 4.1-3 and Figure 4.1-3 show the 
results of the calculations as a function of rod spacing.  


Since the reflector rods will be critically safe in any configuration the reflector assemblies will also be 
safe in any configuration. 


4.1.6 References 


Section C, Attachment C-A-A, Fuel and Fuel Package Descriptions, DOE Contract No. DE-AC07-
00ID13729 


WAPD-TM-1614, Nondestructive Assay of Spent Fuel Rods from a Light Water Breeder Reactor, G 
Tessler et al, September 1987. 


WAPD-TM-1208, Design of the Shippingport Light Water Breeder Reactor, D. R. Connors et al., January 
1979. 
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5.0 CRITICAL BENCHMARK EXPERIMENTS 


The validation process was used to determine biases for calculating the keff of fuel element systems.  
Therefore, the experiments selected as benchmark cases included U(17)O2 annular rods and TRIGA Mark 
II Reactor fuel in water (IEU experiments), Rover fuel which had HEU in thorium in a graphite matrix, 
HEU and ZrH rods in water, Oralloy cubes in water, and SPERT-D plate fuel elements in water. These 
cases were selected because they represent the range of fuel to be repackaged and stored at the ISF 
Facility. 


Described in more detail below, these configurations were varied enough in fuel, material, and 
moderation that they were considered adequate validation for calculating a number of fuel handling and 
accident conditions. 


5.1 BENCHMARK EXPERIMENTS AND APPLICABILITY 


Water-Moderated U(17)O2 Annular Fuel Rods without Absorber and with Gadolinium or Calcium 
Absorbers in 6.8-cm-Pitch Hexagonal Lattices at Different Temperatures [IEU-COMP-THERM-
002] 


These experiments were critical approach experiments using stainless-steel-clad UO2 fuel rods (17 weight 
percent 235U) in a water-filled tank.  Lattice arrangements were comprised of one of three forms of the 
fuel rod, which created either a configuration with an absorber element (Gd or Cd) or with no absorber 
element. Evaluated experiments contained no absorber element. Fuel elements were constructed of two 
sets of concentric stainless steel tubes.  The first set consisted of concentric cylinders with outside 
diameters of 2.40 cm and 2.92 cm with a wall thickness of 0.03 cm and an overall length of 60.6 cm.  
Uranium dioxide filled the interstitial space between the two cylinders. The second set of tubes was 
similar to the first with the exception of having 3.66 cm and 4.18 cm. Fuel rod parts were placed into a 
stainless-steel tube with an outer diameter of 4.58 cm. Lattice arrangements were investigated at room 
and raised temperatures.  These experiments allowed evaluation of temperature effects on the reactivity of 
latticed fuel element systems. 


TRIGA Mark II Reactor:  U(20) – Zirconium Hydride Fuel Rods in Water with Graphite Reflector 
[IEU-COMP-THERM-003] 


Selection of these critical experiments for the validation allowed for the evaluation of an arrayed system 
of TRIGA fuel elements in the presence of a water moderator.  At 28 inches in length (15 inches of fuel 
meat), 1.478 inches in diameter, and clad by stainless-steel (SS-304), the fuel elements are nearly 
identical to those modeled in ISF Facility analyses. Fuel elements in the experiment are slightly higher in 
total uranium loading (12 weight percent U vs. 8.5 weight percent U) than the ISF Facility fuel; however, 
each is enriched to 20% in 235U.  The fuel is a homogenous mixture of uranium and zirconium hydride 
(ZrH) with a H:Zr ratio of 1.60 according to manufacturer documentation. Overall, the physical 
characteristics, geometry of the problem, and moderator material make this an excellent validation 
problem set for the TRIGA fuel type. 


Graphite and Water Moderated NRX-A3 and NRX-A4 Assemblies [HEU-COMP-THERM-002] 


Consisting of a fuel type commonly referred to as Rover fuel, these experiments are critical experiments 
of hexagonal graphite rods containing highly enriched uranium moderated and reflected by water. Each 
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NRX-A fuel element was a nominally 52-inch-long hexagonal graphite cylinder with a 0.870-inch 
diagonal, containing 19 uniformly spaced longitudinal holes. Distributed uniformly within the graphite 
matrix were pyrolytic-graphite-coated uranium dicarbide beads. With an enrichment of 93.15 weight 
percent 235U, the Rover fuel possesses fuel characteristics very similar to those of Peach Bottom fuel.  The 
experiments consist of various arrays of the NRX-A4 and NRX-A3 fuel intermixed in predefined 
geometric patterns. As in the case of Peach Bottom fuel, the hexagonal Rover is an unclad fuel element.  
Overall, these experiments were judged excellent as a representative group of critical experiments 
satisfactory to validate determination of keff for Peach Bottom fuel. 


Water-Moderated Hexagonally Pitched Double Lattices of U(80%)O2 + Cu Fuel Rods and 
Zirconium Hydride Rods [HEU-COMP-THERM-007] 


Selected as a benchmark experiment for validation of parameters similar to TRIGA fuel, these critical 
experiments contain water-moderated hexagonally pitched lattices with highly enriched (approximately 
80% 235U) fuels rods of cross-shaped cross-section. Included in the lattice along with the fuel rods were 
several zirconium hydride rods.  Although higher in enrichment than TRIGA fuel, the double lattices 
allowed for evaluation of the reactivity effects of varying zirconium hydride parameters. 


Intermediate Heterogeneous Assembly with Highly Enriched Uranium Dioxide (96% 235U) and 
Zirconium Hydride Moderator [HEU-COMP-MIXED-003; Formerly HEU-COMP-INTER-001] 


These experiments were performed to investigate the criticality safety of a highly enriched fuel system 
(approximately 96% in 235U) in the presence of a zirconium hydride moderator and beryllium reflector.  
Safety drums in the configuration contained a natural boron carbide poison. The experiment was selected 
for analysis based on the presence of ZrH as moderator and a chance to evaluate the effects of an absorber 
poison. 


Lattices of Oralloy Cubes in Water [HEU-MET-THERM-003] 


These experiments were conducted using cubic or nearly cubic lattices of oralloy cubes immersed in a 
tank of water. Oralloy denotes uranium enriched to approximately 93%, very similar to the enrichment of 
the Peach Bottom fuel. Water moderation and reflection were also strong contributors for selection of this 
fuel system as a benchmark experiment. 


SPERT-D Aluminum-Clad Plate Type Fuel in Water, Dilute Uranyl Nitrate, or Borated Uranyl 
Nitrate 


Several critical configurations involving SPERT-D fuel elements were used in experiments performed to 
determine specifications for storage, transport, and chemical processing of SPERT-D fuel. Twenty-two 
plates containing on average 304.46 g 235U made up the fuel system configuration. The core was enriched 
to 93.17%, with the uranium-alloy being 23.8 weight percent uranium.  Each individual plate contained 
on average 13.93 grams, with individual plate loadings varying between 13.2 grams and 14.7 grams.  
Selected benchmark experiments were moderated and reflected with demineralized water. 
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5.2 RESULTS OF BENCHMARK CALCULATIONS USING MCNP4B2 


5.2.1 Experiment Descriptions 


A combination of 55 IEU and HEU critical experiments were selected for use in determining the 
calculation bias for the MCNP4B2 computer code system. The bias value was subsequently used in the 
computation of the upper safety limit (USL) for any calculation performed with MCNP4B2.  Table 5.2-1 
gives a brief summary and number of the critical experiments selected. 


5.2.2 Validation Approach 


The data from the criticality experiments do not meet the necessary test results for a statistically normal 
data distribution. Therefore, a non-parametric approach based on NUREG/CR-6698 guidance was used to 
develop the final USL for calculations using MCNP4B2.  Determination of the confidence level is based 
on the number of experiments available in the dataset population.  The confidence level, β, is calculated 
using the following equation: 


β = 1 – qn  


where, q = the desired population fraction (normally 0.95) and n = the number of data in one data sample. 


The confidence level computed is to be applied to 95% of the dataset population.  Substitution of 0.95 
into the equation and replacing n with 55 (the number of critical experiments in the dataset), results in a 
confidence level calculated to be 0.9405 or 94.05%.  


A 95% confidence level is required by guidance documents (NUREG-1567, Section 4.5.3.5, Criticality). 
Therefore, an additional margin of safety will be added in the computation to ensure that the selected USL 
provides the necessary confidence level. 


For non-parametric data analysis the combination of bias and bias uncertainty, KL, is calculated by 
subtracting the uncertainty and a non-parametric margin (NPM) from the lowest observed keff value of the 
dataset.  The NPM is added to account for small sample sizes.  For confidence levels greater than 90%, 
the NPM is “0” as provided in Table 2.2 of NUREG/CR-6698. Removal of NPM reduces the equation for 
KL to the lowest value of keff minus the uncertainty. 


The USL is then calculated by subtracting a subcriticality margin from KL. An additional term may be 
added in the safety evaluation if it is intended to operate outside the area of applicability. Before actually 
computing the confidence level and the USL, certain parameters were plotted to assess the presence of 
trends in the data.  Figures 5.2-1 and 5.2-2 illustrate keff plotted against the independent variables 235U 
enrichment and average neutron lethargy causing fission, respectively.  No clear trends exist in the data 
population as shown in these figures. An attempt to fit trend lines to the data produced very low R2 
values, symptomatic of a poorly fitting trend line.  Therefore, the conclusion was drawn that the area of 
applicability term in the USL calculation could be set to 0 based on the fact that the calculations to be 
performed with MCNP4B2 would not be evaluating systems with parameters outside the area of 
applicability. A minimum subcritical margin (ΔSM) is used in the calculation of the USL to ensure 
subcriticality of the system being analyzed. The value of this subcritical margin may vary under different 
circumstances; however, standard practice assumes a value of 0.05.  
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For systems that will be evaluated using the MCNP4B2 computer code, the definition of the USL will be 
modified as follows: 


USL = KL – ∆SM - ∆SF 


where the ∆SF term is an additional safety factor that will be applied to compensate for the fact that the 
confidence level was calculated to be 94%.  This safety factor will be assigned the very conservative 
value of 0.02.  


5.2.3 Summary of Results 


Calculated keff results are listed in Table 5.2-2 along with the benchmark keff results, and a normalized keff 
value. At times it is necessary to make an adjustment to the calculated keff if the critical experiment was at 
other than a critical state (i.e., slightly supercritical or subcritical).  Taking a ratio of the calculated keff 
value to the benchmark keff value accomplishes this normalization process.  Normalized values were 
subsequently used in determination of the USL.  Individual standard deviation values are included as well 
for the calculated keff results. 


Using the equation above and substituting in the appropriate values produces the following result for the 
USL: 


USL = KL – ∆SM - ∆SF 


USL = (0.9840 – 0.0010) – 0.05 – 0.02 


USL = 0.9130 


5.3 RESULTS OF BENCHMARK CALCULATIONS USING MCNP4C 


5.3.1 TRIGA Fuel 


Criticality experiments were selected from the International Handbook of Evaluated Criticality Safety 
Benchmark Experiments [Handbook] as the basis of the validation for TRIGA fuel.  The Handbook data 
is used preferentially because these benchmarks are well described for criticality safety purposes and 
because descriptions are subject to an extensive peer review.  In all cases, these experiments were either 
remodeled based on their description, or models developed by others were checked to ensure that 
modeling techniques and input are comparable to this evaluation’s methodology. 


The validation of MCNP4C resulted in distinct upper safety limits for TRIGA and Peach Bottom fuel 
types.  Both evaluations employed a statistical approach to derivation of the upper safety limit to be used 
in criticality calculations.  The validation methodology for TRIGA fuel is described in this section and for 
Peach Bottom is described in the section that follows. 


5.3.1.1 Experiment Descriptions 


The 72 critical experiments selected for use in this evaluation were comprised of three main categories: 
lattice experiments, reactor configuration experiments, and square pitched array experiments.  Table 5.3-1 
gives a brief summary and number of the critical experiments selected.  The experiments covered a wide 
range of parameters representative of storage configurations. 
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5.3.1.2 Validation Approach 


Validation of the MCNP computer code is required by the criticality safety standard ANSI/ANS-8.1.  The 
criterion to establish subcriticality safety margins is prescribed in ANSI/ANS-8.17, as follows: 


ks ≤ kc - Δks - Δkc - Δkm 


where: 


ks   = calculated allowable maximum multiplication factor, keff, of system being evaluated for all normal 
or credible abnormal conditions or events 


kc   = mean keff that results from calculation of benchmark criticality experiments using particular 
calculation method.  If calculated keff values for criticality experiments exhibit trend with 
parameter, then kc shall be determined by extrapolation based on best fit to calculated values.  
Criticality experiments used as benchmarks in computing kc should have physical compositions, 
configurations, and nuclear characteristics (including reflectors) similar to those of system being 
evaluated 


Δks   = allowance for: (a) statistical or convergence uncertainties, or both, in computation of ks, (b) 
material and fabrication tolerances, and (c) geometric or material representations used in 
computation method [uncertainty in the value of ks] 


Δkc   = margin of uncertainty in kc which includes allowance for: (a) uncertainties in critical experiments, 
(b) statistical or convergence uncertainties, or both, in computation of kc, (c) uncertainties resulting 
from extrapolation of kc outside range of experimental data, and (d) uncertainties resulting from 
limitations in geometrical or material representations used in computation method [uncertainty in 
the value of kc] 


Δkm   = arbitrary margin to ensure subcriticality of ks 


Prior to calculating the subcriticality safety margin, certain parameters were plotted to assess the presence 
of trends in the benchmark criticality data.  Figures 5.3-1 through 5.3-4 illustrate keff plotted against the 
independent variables 235U enrichment, average neutron lethargy causing fission, average fission group 
energy, and moderator/fuel volume ratio, respectively.  No clear trends exist in the data population as 
shown in these figures. An attempt to fit trend lines to the data produced very low R2 values, symptomatic 
of a poorly fitting trend line.  Therefore, the mean value of keff  results of benchmark criticality 
experiments can be used for kc in this calculation. 


Setting Δkm to 0.05 and substituting Δβ for Δkc, the above equation can be rewritten as: 


ks ≤ kc - Δks - Δβ – 0.05 


kc can be rewritten as 1-(1-kc) which allows the substitution of β for (1-kc), which is the bias.  Substitution 
of terms results in further reduction of the equation to: 


ks ≤ 1-(1-kc) - Δks - Δβ – 0.05 
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Or 


ks ≤ 1- β - Δks - Δβ - 0.05 


Finally, the equation can be reduced to a final form that applies the bias and uncertainties to the keff of the 
system being analyzed.  The modified equation appears as: 


keff + Δks + β + Δβ ≤ 0.95 


5.3.1.3 Summary of Results 


The keff results for the experiments along with their associated uncertainty are shown in Table 5.3-2.  The 
overall average and standard deviation of these 72 cases is 0.9894±0.0062.  The average Monte Carlo 
error (statistical convergence) is ±0.0015 for the 72 cases.  Uncertainty resulting from limitations of 
geometrical modeling is taken to be 0.0 based on the fact that the MCNP models are three-dimensional, 
fully explicit representations (no homogenization) of the experiment geometry.  Experiment error is 
conservatively taken to be ±0.0001 so that the criticality can then be represented as 1.0000±0.0010. 


Average difference between code calculated and the critical condition is β = 1 – 0.9894 = 0.0106.  The 
uncertainty in the bias, accounting for the statistical convergence and the uncertainty in criticality is 
(0.00622 – 0.00152 + 0.00102)1/2 = 0.0061.  For 72 samples of criticality, the 95/95 one-sided tolerance 
factor can be taken as 2.065 [Table 2.1, NUREG/CR-6698].  The result is a 95/95 one-sided uncertainty 
in the bias, Δβ, of 2.065 x 0.0061 = 0.0126.  The equation from above may now be written as: 


keff + Δks + 0.0106 + 0.0126 ≤ 0.95 


If the worst-case mechanical and material tolerances are used to calculate ks, the value of Δks can be taken 
as 0 and an upper safety limit (USL) can be extracted as: 


USL = 0.95 – 0.0106 – 0.0126 


Or 


USL = 0.9268 


5.3.2 Peach Bottom Fuel 


5.3.2.1 Experiment Descriptions 


The 58 critical experiments selected for use in this evaluation were comprised of three main categories: 
lattice experiments, reactor configuration experiments, and square pitched array experiments.  Table 5.3-3 
gives a brief summary and number of the critical experiments selected for Peach Bottom fuel.  The 
experiments covered a wide range of parameters representative of storage configurations. 


5.3.2.2 Validation Approach 


Validation of MCNP4C for use in calculating keff for Peach Bottom fuel systems was performed using a 
non-parametric analysis as described in NUREG/CR-6698.  This analysis results in determination of the 
degree of confidence that a fraction of the true population of data lays above the smallest observed value.   
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An equation for the percent confidence that a fraction of the population is above the lowest observed 
value reduces to: 


β = 1 - qn 
where: 


q = the desired population fraction (normally 0.95) 


n = the number of data in one sample 


Information extracted from this equation and evaluation is then used to determine KL, which represents 
the combination of bias and bias uncertainty:   


KL = lowest keff - σ (uncertainty of lowest keff) – NPM (non-parametric margin) 


The non-parametric margin is a value that is added to account for variability in results that may result 
from the use of small sample sizes.  A table of recommended values is provided in NUREG/CR-6698, 
Section 2.4.4. 


An additional term may be added in the safety evaluation if it is intended to operate outside the area of 
applicability. Before actually computing the confidence level and the USL, certain parameters were 
plotted to assess the presence of trends in the data.  Figures 5.3-5 through 5.3-8 illustrate keff plotted 
against the independent variables 235U enrichment, average neutron lethargy causing fission, average 
fission group energy, and moderator/fuel volume ratio, respectively.  No clear trends exist in the data 
population as shown in these figures. An attempt to fit trend lines to the data produced very low R2 
values, symptomatic of a poorly fitting trend line.  Therefore, the conclusion was drawn that the area of 
applicability term in the USL calculation could be set to 0 based on the fact that the calculations to be 
performed with MCNP4C would not be evaluating systems with parameters outside the area of 
applicability. 


As discussed in the previous validation sections, calculation of the upper safety limit includes a 
conservative safety margin, or margin of subcriticality (- Δsm) as it is called in NUREG/CR-6698.  With 
this in mind the upper safety limit (USL) may be computed as follows: 


USL = KL - Δsm 


5.3.2.3 Summary of Results 


Table 5.3-3 shows that 58 critical experiments were included in the validation of keff for Peach Bottom 
fuel systems.  The keff results for the experiments along with their associated uncertainty are shown in 
Table 5.3-4.  Thus, the number of data points in this sample set, n, is equal to 58.  Setting q equal to 0.95 
and plugging in n = 58 resulted in the following calculated value for β: 


β = 1 – (0.95)58 


β = 0.9490 


β = 94.9% 


The above calculation indicated that there was a 94.9% confidence that 95% of the population lies above 
the smallest value in the dataset.  A 94.9% computed value for β was used as the entering argument to 
Table 2.2, Non-Parametric Margins, found in Section 2.4.4 of NUREG/CR-6698.  For a degree of 
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confidence of >90% the correlating non-parametric margin is 0.  Thus, the final term in the calculation of 
KL would be taken as 0 and the calculation of KL was reduced to the lowest value of keff in the sample set 
minus its associated uncertainty. 


Dividing the calculated keff value by the experimental keff value normalized experiment results that 
exhibited slightly supercritical or subcritical behavior.  A Δk term was then computed that measured the 
deviation of the normalized keff value from 1.0000. 


Evaluation of the dataset indicated that the lowest normalized keff value of the 58 experiments was 0.9908 
with an associated uncertainty of 0.0012. 


In the determination of an upper safety limit a standard practice is to assign a value of 0.05 for the margin 
of subcriticality.  As an additional conservative measure the Δk term associated with a keff of 0.9908 was 
summed with 0.05 to produce a margin of subcriticality equal to 0.0592.  Analysis of Peach Bottom fuel 
systems was then assigned the following upper safety limit: 


USL = (0.9908 – 0.0012) – 0.0592 
Or 


USL = 0.9304 


5.4 REFERENCES 


J. Blair Briggs, Ed., (1999), International Handbook of Evaluated Criticality Benchmark Experiments, 
NEA/NSC/Doc/(95) 03, September. 


MCNP-Monte Carlo Neutron and Photon Transport Code System, MCNP4B2, CCC-660, Oak Ridge 
National Laboratory, RISC Computer Code Collection. 


MCNP-Monte Carlo Neutron and Photon Transport Code System, MCNP4C, CCC-700, Oak Ridge 
National Laboratory, RISC Computer Code Collection. 


ENDF/B-VI Library Evaluated Nuclear Data File/B Library, National Nuclear Data Center, Brookhaven 
National Laboratory, Upton, New York. 
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Table 2.2-1 
Analysis Results for TRIGA Baskets Side-by-Side 


Description keff σ keff + 2 σ 
TRIGA fuel baskets side-by-side; dry; no 
gadolinium phosphate 0.5669 0.0006 0.5681 
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Table 2.2-2 
Modeled Configuration for TRIGA Baskets Side-by-Side 


Parameter Dimension, cm 
Fuel Element Configuration 


Fuel Element Length 73.406 
Fuel Meat Length 38.100 
Fuel Meat Outer Radius 1.822 
Cladding Inner Radius 1.822 
Cladding Outer Radius 1.877 
Reflector Length 8.687 
Reflector Outer Radius 1.822 


ISF Basket Configuration 


Basket Length 118.186 
Basket Outer Radius 21.400 
Basket Tube Outer Radius 2.223 
Basket Tube Inner Radius 2.060 
Lifting Plate Thickness 4.445 
Bottom Plate Thickness 3.175 
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Table 2.2-3 
TRIGA Material Compositions 


  


Isotope Atom Density 
(atoms/b-cm) 


UZrH1.7 Fuel 
H 0.06261 
Zr 0.03683 
U-235 0.0002828 
U-238 0.001117 


Graphite [2.62 g/cc] 
C 0.1313615 


304 Stainless Steel [7.9 g/cc] 
C 0.000316872 
Mn-55 0.001731948 
P-31 0.000061439 
S 0.000044512 
Si 0.001693931 
Ni-58 0.005242194 
Ni-60 0.002019273 
Ni-61 0.000087784 
Ni-62 0.000279832 
Ni-64 0.000071306 
Cr-50 0.000755354 
Cr-52 0.014566245 
Cr-53 0.001651695 
Cr-54 0.000411142 
Fe-54 0.003403421 
Fe-56 0.053426429 
Fe-57 0.001233849 
Fe-58 0.000164203 


 


 


Isotope Atom Density 
(atoms/b-cm) 


316L Stainless Steel [8.027 g/cc] 
Mn-55 0.00175386 
Si 0.00171536 
Ni-58 0.00672489 
Ni-60 0.00257096 
Ni-61 0.0011131 
Ni-62 0.0035363 
Ni-64 0.00008964 
Cr-50 0.00068439 
Cr-52 0.01319803 
Cr-53 0.00149638 
Cr-54 0.00011131 
Mo 0.00125539 
Fe-54 0.00333374 
Fe-56 0.0518255 
Fe-57 0.00118658 
Fe-58 0.00015821 


630 Stainless Steel [7.75 g/cc] 
C 0.000271999 
Mn-55 0.000849531 
P-31 0.000060272 
S 0.000043667 
Si 0.001661768 
Ni-58 0.002165330 
Ni-60 0.000834077 
Ni-61 0.000036260 
Ni-62 0.000115587 
Ni-64 0.000029453 
Cr-50 0.000614260 
Cr-52 0.011845385 
Cr-53 0.001343172 
Cr-54 0.000334344 
Cu-63 0.002032098 
Cu-65 0.000905733 
Fe-54 0.003620167 
Fe-56 0.056828874 
Fe-57 0.001312427 
Fe-58 0.000174660 
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Table 2.3-1 
Analysis Results for a Fully Loaded Storage Vault 


Description Density (g/cc) keff σ keff + 2 σ 


Baseline Case, Dry -- 0.7124 0.0009 0.7142 


1.0 0.8135 0.0009 0.8153 


0.8 0.7942 0.0009 0.7960 


0.6 0.7676 0.0007 0.7690 


0.4 0.7294 0.0008 0.7310 


Flooded 


0.2 0.6797 0.0009 0.6815 
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Table 2.3-2 
Modeled Configuration for Fully Loaded Storage Vault 


Parameter Dimension, cm 
TRIGA Fuel Element Configuration 


Fuel Element Length 73.406 
Fuel Meat Length 38.100 
Fuel Meat Outer Radius 1.822 
Cladding Inner Radius 1.822 
Cladding Outer Radius 1.877 
Reflector Length 8.687 
Reflector Outer Radius 1.822 


ISF Basket Configuration 
Basket Length 118.186 
Basket Outer Radius 21.400 
Basket Tube Outer Radius 2.223 
Basket Tube Inner Radius 2.060 
Lifting Plate Thickness 4.445 
Bottom Plate Thickness 3.175 


ISF Canister Configuration 
Canister (Short) Length 300.626 
Canister Outer Radius 22.86 
Canister Inner Radius 21.908 


ISF Storage Tube Configuration 
Storage Tube Length 624.84 
Storage Tube Outer Radius 25.400 
Storage Tube Inner Radius 24.448 
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Table 2.4-1 
Analysis Results for TRIGA Canister 


MCNP Case Configuration 
Canister 
Flooded 


Water 
Reflector keff ± σ keff + 2σ 


9-1 Single Canister No 1-inch 0.5725 ± 0.0008 0.5741 


9-2 Single Canister No 12-inches 0.6047 ± 0.0008 0.6063 


9-3 2 Side-by-Side No 1-inch 0.6040 ± 0.0008 0.6056 


9-4 2 Side-by-Side Yes 12-inches 0.8389 ± 0.0008 0.8405 


9-5 2 End-to-End No 1-inch 0.5739 ± 0.0008 0.5755 


9-6 2 End-to-End No 12-inches 0.6044 ± 0.0008 0.6060 
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 Table 2.4-2 Sheet 1 of 2 
 Modeled Configuration for TRIGA Canister 


Documented Configuration Modeled Configuration 
Region Material (g/cc) Dimensions, cm Material (g/cc) Dimensions, cm 


Fuel Description 
Fuel 


(Zr rod) 
Zr (6.49) OR=0.28575 


Length=38.1 
Zr (6.49) OR=0.28575 


Length=38.1 
     


Fuel 
(meat) 


U-ZrH1.7 (6.0875) IR=0.3175 
OR=1.82245 


U-ZrH1.7 (6.0875) IR=0.3175 
OR=1.82245 


  Length=38.1  Length=38.1 
     


Fuel Clad SS-304 
(7.93) 


IR=1.82626 
OR=1.87706 


SS-304 
(7.93) 


IR=1.82626 
OR=1.87706 


  Length=55.4736  Length=55.4736 
     


Graphite Cylinders 
Graphite 
Reflector 


Graphite 
 


OR=1.82245 Graphite 
(1.7) 


OR=1.82245 


  Length=2 @ 8.6868  Length=2 @ 8.6868 
 


End Fittings 
End 


Fittings 
SS OR=irregular SS-316 


(8.0) 
OR=1.82245 


  Length=2 @ 9.0932  Length=2 @ 9.0932 
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 Table 2.4-2 Sheet 2 of 2 
 Modeled Configuration for TRIGA Canister 


Documented Configuration Modeled Configuration 
Region Material (g/cc) Dimensions, cm Material (g/cc) Dimensions, cm 


Basket Description 
Basket  OR=21.3995  OR=21.3995 


  Length=83.185  Length=83.185 
Tubes 
(54) 


SS-316 
(8.0) 


OR=2.2225 
IR=2.05994 


SS-316 
(8.0) 


OR=2.2225 
IR=2.05994 


 Pitch=5.08 L=74.295 Pitch=5.08 L=74.295 
Lifting 
Plate 


 Thickness=6.985  Thickness=6.985 


Bottom Plate  Thickness=3.175  Thickness=1.905 
     


Canister 
Canister 


Shell 
SS-316 


(8.0) 
IR=21.9075 
OR=22.86 


SS-316 
(8.0) 


IR=22.027 
OR=22.86 


  TopThickness=1.27 
BottomThickness=1.27 


 TopThickness =1.271 
BottomThicknes=1.27 


     
Steel Plug 


Cylinder SS-316 
(8.0) 


OR=21.75 
Thickness=25.4 


SS-316 
(8.0) 


OR=22.02656 
Thickness=25.4 


 
Reflector 


Reflector None  Water 
(1.0) 


Thickness=2.54 
(or) 


Thickness=30.48 
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 Table 2.4-3 Sheet 1 of 2 
 TRIGA Material Compositions 


NAME ISOTOPE Atom/b-cm ELEM SUM MAT SUM ITEM 
92U U235 0.000292   Fuel (6.0875 g/cc) 


 U238 0.001152 0.00144336   
40Zr  0.035758 0.03575764   
1H  0.060788 0.06078798 0.09798898  


      
40Zr  0.042843 0.04284336 0.04284336 Zr rod (6.49 g/cc) 


      
6C  0.085235 0.08523495 0.08523495 Graphite (1.7 g/cc) 


      
1H  0.066872 0.066872 0.100309 Water (1.0 g/cc) 
8O  0.033436 0.033436   


      
26Fe Fe54 0.003506   304 ss (7.93 g/cc) 
26Fe Fe56 0.054509    
26Fe Fe57 0.001248    
26Fe Fe58 0.000166 0.05943004   
24Cr Cr50 0.000758    
24Cr Cr52 0.014622    
24Cr Cr53 0.001658    
24Cr Cr54 0.000413 0.01745038   
28Ni Ni58 0.005277    
28Ni Ni60 0.002018    
28Ni Ni61 8.74E-05    
28Ni Ni62 0.000278    
28Ni Ni64 7.03E-05 0.00773002   
25Mn Mn55 0.001739 0.00173851 0.08634895  


      
26Fe Fe54 0.003334   316 ss (8.0 g/cc) 
26Fe Fe56 0.051826    
26Fe Fe57 0.001187    
26Fe Fe58 0.000158 0.05650403   
24Cr Cr50 0.000684    
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 Table 2.4-3 Sheet 2 of 2 
 TRIGA Material Compositions 


NAME ISOTOPE Atom/b-cm ELEM SUM MAT SUM ITEM 
24Cr Cr52 0.013198    
24Cr Cr53 0.001496    
24Cr Cr54 0.000373 0.01575132   
28Ni Ni58 0.006725    
28Ni Ni60 0.002571    
28Ni Ni61 0.000111    
28Ni Ni62 0.000354    
28Ni Ni64 8.96E-05 0.00985043   
42Mo  0.001255 0.00125539   
25Mn Mn55 0.001754 0.00175386   
14 Si  0.001715 0.00171536 0.08683039  
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Table 2.5-1 
Analysis Results for TRIGA Fuel in Concrete Corner 


Fuel Elements in the Corner of a 36 inch Thick Concrete Cell with a One Inch of Water Reflector on the 
other Three Sides, Both Hexagonal and Square Pitch Arrays Analyzed, Fuel Pitch 3.7542 cm (touching) 


in all Runs, No Moderation Present between Elements 


 


MCNP Case Type of Array 
Number of Fuel 


Elements keff ± σ keff + 2σ 
12-1 Hexagonal 39 0.8721 ± 0.0010 0.8741 


12-2 Hexagonal 46 0.9179 ± 0.0010 0.9199 


     
12-3 Square 36 0.8135 ± 0.0009 0.8153 


12-4 Square 49 0.8905 ± 0.0010 0.8925 


12-5 Square 64 0.9549 ± 0.0009 0.9567 
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Table 2.5-2 
Modeled Configuration for TRIGA Fuel in Concrete Corner 


Documented Configuration Modeled Configuration 
Region Material (g/cc) Dimensions, cm Material (g/cc) Dimensions, cm 


 
Fuel Description 


Fuel 
(Zr rod) 


Zr (6.49) OR=0.28575 
Length=38.1 


Zr (6.49) OR=0.28575 
Length=38.1 


     
Fuel 


(meat) 
U-ZrH1.7 (6.0875) IR=0.3175 


OR=1.82245 
U-ZrH1.7 (6.0875) IR=0.3175 


OR=1.82245 
  Length=38.1  Length=38.1 
     


Fuel Clad SS-304 
(7.93) 


IR=1.82626 
OR=1.87706 


SS-304 
(7.93) 


IR=1.82626 
OR=1.87706 


  Length=55.4736  Length=55.4736 
 


Graphite Cylinders 
Graphite 
Reflector 


Graphite 
 


OR=1.82245 Graphite 
(1.7) 


OR=1.82245 


  Length=2 @ 8.6868  Length=2 @ 8.6868 
 


End Fittings 
End 


Fittings 
SS OR=irregular SS-316 


(8.0) 
OR=1.82245 


  Length=2 @ 9.0932  Length=2 @ 9.0932 
 


Reflector 
Reflector Concrete 


(2.3) 
ConcThickness=121.92 Concrete (2.3) 


Water (1.0) 
ConcThicknes=91.44 
WaterThickness=2.54 
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 Table 2.5-3 Sheet 1 of 2 
 TRIGA Material Compositions 


NAME ISOTOPE atom/b-cm ELEM SUM MAT SUM ITEM 
92U U235 0.000290   Fuel 


(6.0875 g/cc) 
 U238 0.001196 0.00144336   


40Zr  0.035758 0.03575764   
1H  0.060788 0.06078798 0.09798898  


      
40Zr  0.042843 0.04284336 0.04284336 zr rod 


(6.49 g/cc) 
      


6C  0.085235 0.08523495 0.08523495 graphite 
(1.7 g/cc) 


      
26Fe Fe54 0.003506   304 ss 


(7.93 g/cc) 
26Fe Fe56 0.054509    
26Fe Fe57 0.001248    
26Fe Fe58 0.000166 0.05943004   
24Cr Cr50 0.000758    
24Cr Cr52 0.014622    
24Cr Cr53 0.001658    
24Cr Cr54 0.000413 0.01745038   
28Ni Ni58 0.005277    
28Ni Ni60 0.002018    
28Ni Ni61 8.74E-05    
28Ni Ni62 0.000278    
28Ni Ni64 7.03E-05 0.00773002   
25Mn Mn55 0.001739 0.00173851 0.08634895  


      
26Fe Fe54 0.003334   316 ss 


(8.0 g/cc) 
26Fe Fe56 0.051826    
26Fe Fe57 0.001187    
26Fe Fe58 0.000158 0.05650403   
24Cr Cr50 0.000684    
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 Table 2.5-3 Sheet 2 of 2 
 TRIGA Material Compositions 


NAME ISOTOPE atom/b-cm ELEM SUM MAT SUM ITEM 
24Cr Cr52 0.013198    
24Cr Cr53 0.001496    
24Cr Cr54 0.000373 0.01575132   
28Ni Ni58 0.006725    
28Ni Ni60 0.002571    
28Ni Ni61 0.000111    
28Ni Ni62 0.000354    
28Ni Ni64 8.96E-05 0.00985043   
42Mo  0.001255 0.00125539   
25Mn Mn55 0.001754 0.00175386   
14 Si  0.001715 0.00171536 0.08683039  


      
8O  0.045796 0.04579602  Port conc 


(2.3 g/cc) 
14Si  0.01662 0.01661971   
1H  0.013742 0.01374227   


13 Al  0.001745 0.00174537   
20 Ca  0.001521 0.00152063   
11 Na  0.000964 0.00096396   
19 K  0.000461 0.00046053   
26 Fe Fe54 2.05E-05    
27 Fe Fe56 0.000318    
28 Fe Fe57 7.29E-06    
29 Fe Fe58 9.72E-07 0.00034722   
12 Mg  0.000114 0.00011398   


6 C  0.000115 0.00011532 0.08142501  
      


1 H  0.066856 0.06685577  water 
8 O  0.033428 0.03342788 0.10028365  
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Table 2.6-1 
Analysis Results for TRIGA Fuel in Two ISF Baskets 


MCNP Case 
Canister 
Flooded Water Reflector keff ± σ keff + 2σ 


15-1 No 1-inch 0.6257 ± 0.0008 0.6273 


15-2 No None 0.5316 ± 0.0008 0.5332 


15-3 Yes 12-inch 0.8527 ± 0.0008 0.8543 
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Table 2.6-2 
Modeled Configuration of TRIGA Fuel in Two ISF Baskets 


Documented Configuration Modeled Configuration 
Region Material (g/cc) Dimensions, cm Material (g/cc) Dimensions, cm 


 
Fuel Description 


Fuel (Zr rod) Zr (6.49) OR=0.28575 
Length=38.1 


Zr (6.49) OR=0.28575 
Length=38.1 


     
Fuel (meat) U-ZrH1.7 (6.0875) IR=0.3175 


OR=1.82245 
U-ZrH1.7 (6.0875) IR=0.3175 


OR=1.82245 
  Length=38.1  Length=38.1 
     


Fuel Clad SS-304 
(7.93) 


IR=1.82626 
OR=1.87706 


SS-304 (7.93) IR=1.82626 
OR=1.87706 


  Length=55.4736  Length=55.4736 
     


Graphite Cylinders 
Graphite 
Reflector 


Graphite 
 


OR=1.82245 Graphite (1.7) OR=1.82245 


  Length=2 @ 8.6868  Length=2 @ 8.6868 
     


End Fittings 
End Fittings SS OR=irregular SS-316 (8.0) OR=1.82245 


  Length=2 @ 9.0932  Length=2 @ 9.0932 
 


Basket Description 
Basket  OR=21.3995  OR=21.3995 


  Length=83.185  Length=83.185 
Tubes (54) SS-316 


(8.0) 
OR=2.2225 
IR=2.05994 


SS-316 
(8.0) 


OR=2.2225 
IR=2.05994 


 Pitch=5.08 L=74.295 Pitch=5.08 L=74.295 
Lifting Plate  Thickness=6.985  Thickness=6.985 
Bottom Plate  Thickness=3.175  Thickness=1.905 


 
Reflector 


Reflector None  Water 
(1.0) 


Thwater=2.54 
(or) 


Thwater=30.48 
     







ISF FACILITY 
SAR Chapter 4 Appendix 4A 


Rev. 4 
 


 


  


 Table 2.6-3 Sheet 1 of 2 
 TRIGA Material Compositions 


NAME ISOTOPE atom/b-cm ELEM SUM MAT SUM ITEM 
92U U235 0.000292   Fuel (6.0875 g/cc) 


 U238 0.001152 0.00144336   
40Zr  0.035758 0.03575764   
1H  0.060788 0.06078798 0.09798898  


      
40Zr  0.042843 0.04284336 0.04284336 Zr rod (6.49 g/cc) 


      
6C  0.085235 0.08523495 0.08523495 Graphite (1.7 g/cc) 


      
1H  0.066872 0.066872 0.100309 Water (1.0 g/cc) 
8O  0.033436 0.033436   


      
26Fe Fe54 0.003506   304 ss (7.93 g/cc) 
26Fe Fe56 0.054509    
26Fe Fe57 0.001248    
26Fe Fe58 0.000166 0.05943004   
24Cr Cr50 0.000758    
24Cr Cr52 0.014622    
24Cr Cr53 0.001658    
24Cr Cr54 0.000413 0.01745038   
28Ni Ni58 0.005277    
28Ni Ni60 0.002018    
28Ni Ni61 8.74E-05    
28Ni Ni62 0.000278    
28Ni Ni64 7.03E-05 0.00773002   
25Mn Mn55 0.001739 0.00173851 0.08634895  


      
26Fe Fe54 0.003334   316 ss (8.0 g/cc) 
26Fe Fe56 0.051826    
26Fe Fe57 0.001187    
26Fe Fe58 0.000158 0.05650403   
24Cr Cr50 0.000684    
24Cr Cr52 0.013198    
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 Table 2.6-3 Sheet 2 of 2 
 TRIGA Material Compositions 


NAME ISOTOPE atom/b-cm ELEM SUM MAT SUM ITEM 
24Cr Cr53 0.001496    
24Cr Cr54 0.000373 0.01575132   
28Ni Ni58 0.006725    
28Ni Ni60 0.002571    
28Ni Ni61 0.000111    
28Ni Ni62 0.000354    
28Ni Ni64 8.96E-05 0.00985043   
42Mo  0.001255 0.00125539   
25Mn Mn55 0.001754 0.00175386   
14 Si  0.001715 0.00171536 0.08683039  
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Table 2.7-1 
Analysis Results for Single TRIGA Basket (SS and Aluminum Clad) 


Description keff σ keff + 2 σ 


Stainless-steel-clad TRIGA elements in dry basket. 0.4851 0.0010 0.4871 


Stainless-steel-clad TRIGA elements in flooded basket. 0.7990 0.0020 0.8030 


Aluminum-clad TRIGA elements in dry basket. 0.2790 0.0007 0.2804 


Aluminum-clad TRIGA elements in flooded basket. 0.7470 0.0009 0.7488 
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Table 2.7-2 
Modeled Configuration for Single TRIGA Basket (SS and Aluminum Clad) 


Parameter Aluminum Clad Stainless Steel 
Clad 


Fuel Element Length (cm) 70.51 73.406 
Fuel Meat Length (cm) 35.560 38.100 
Fuel Meat Outer Radius (cm) 1.791 1.822 
Cladding Inner Radius (cm) 1.791 1.822 
Cladding Outer Radius (cm) 1.867 1.877 
Reflector Length 10.033 8.687 
Reflector Outer Radius (cm) 1.791 1.822 
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Table 2.7-3 
TRIGA Material Compositions


Isotope 
Atom Density 
(atoms/b-cm) 


UZrH1.0 Fuel 
H 0.0381337 
Zr 0.0381337 
U-235 0.0010166 
U-238 0.0002574 


UZrH1.7 Fuel 
H 0.06261 
Zr 0.03683 
U-235 0.0002828 
U-238 0.001117 


Graphite [2.62 g/cc] 
C 0.1313615 


Gadolinium Phosphate [5.0 g/cc] 
Gd-52 2.38779E-05 
Gd-54 0.000260269 
Gd-55 0.001766966 
Gd-56 0.002443904 
Gd-57 0.001868447 
Gd-58 0.002965637 
Gd-60 0.002609856 
P-31 0.011938957 
O-16 0.047755827 


304 Stainless Steel [7.9 g/cc] 
C 0.000316872 
Mn-55 0.001731948 
P-31 0.000061439 
S 0.000044512 
Si 0.001693931 
Ni-58 0.005242194 
Ni-60 0.002019273 
Ni-61 0.000087784 
Ni-62 0.000279832 
Ni-64 0.000071306 
Cr-50 0.000755354 
Cr-52 0.014566245 
Cr-53 0.001651695 
Cr-54 0.000411142 
Fe-54 0.003403421 
Fe-56 0.053426429 
Fe-57 0.001233849 
Fe-58 0.000164203 


Isotope 
Atom Density 
(atoms/b-cm) 


316L Stainless Steel [ 8.027 g/cc] 
Mn-55 0.00175386 
Si 0.00171536 
Ni-58 0.00672489 
Ni-60 0.00257096 
Ni-61 0.0011131 
Ni-62 0.0035363 
Ni-64 0.00008964 
Cr-50 0.00068439 
Cr-52 0.01319803 
Cr-53 0.00149638 
Cr-54 0.00011131 
Mo 0.00125539 
Fe-54 0.00333374 
Fe-56 0.0518255 
Fe-57 0.00118658 
Fe-58 0.00015821 


630 Stainless Steel [7.75 g/cc] 
C 0.000271999 
Mn-55 0.000849531 
P-31 0.000060272 
S 0.000043667 
Si 0.001661768 
Ni-58 0.002165330 
Ni-60 0.000834077 
Ni-61 0.000036260 
Ni-62 0.000115587 
Ni-64 0.000029453 
Cr-50 0.000614260 
Cr-52 0.011845385 
Cr-53 0.001343172 
Cr-54 0.000334344 
Cu-63 0.002032098 
Cu-65 0.000905733 
Fe-54 0.003620167 
Fe-56 0.056828874 
Fe-57 0.001312427 
Fe-58 0.000174660 
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Table 3.1-1 
Analysis Results for Side-by-Side Peach Bottom Fuel Arrays 


Description keff σ keff + 2 σ 


Peach Bottom fuel, two 18-element arrays side-by-side, 
unmoderated and unreflected. 0.3874 0.0007 0.3888 


Peach Bottom fuel, two 18 element arrays side-by-side, 
moderated and reflected 0.8578 0.0008 0.8594 
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Table 3.1-2 
Modeled Configuration for Peach Bottom Fuel Element 


Parameter Dimension 
Fuel Element Length 365.151 cm 
Active Fuel Length 227.076 cm 
Fuel Meat Outer Radius 3.484 cm 
Sleeve Outer Radius 4.445 cm 
Spine Outer Radius 2.223 cm 
(1) The spine runs the entire active fuel length. 
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Table 3.1-3 
Peach Bottom Material Compositions  


Isotope 
Atom Density 
(atoms/b-cm) 


Type A Fuel Compacts 
H 0.0138000 
C 0.0875400 
O 0.0875400 
Th-232 0.0008284 
U-234 2.459E-06 
U-235 0.0001523 
U-236 8.128E-07 
U-238 7.827E-06 


Type C Fuel Compacts 
H 0.0138000 
C 0.0875400 
O 0.0077690 
Th-232 0.0008284 
U-234 2.459E-06 
U-235 0.0001523 
U-236 8.128E-07 
U-238 7.827E-06 


Graphite [2.25 g/cc] 
C -- 


Water [0.4 g/cc] 
H 0.02674249 
O 0.01337125 
Note:  graphite in this calculation 
was modeled as pure carbon. 
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Table 3.2-1 


Modeled Configuration for Peach Bottom Fuel/Graphite Sphere with Graphite Reflector 


(Uses fuel and graphite material available from 3, 6, 9, 12, 15, 18, and 21 elements) 


Region Material (g/cc) 
Dimensions 


(cm) 
Homogenized Fuel and Graphite Description 


Solid Sphere 
(Fuel and 
Graphite) 


UC2 and ThC2 and 
Graphite (2.14) 


OR = 15.2 (for 3 element model) 
OR = 29.1 (for 21 element model) 
Sphere size was varied from a volume equal to that from 3 
assemblies to that of 21 assemblies 


Graphite Reflector Sphere Description 
Graphite 
Reflector 
surrounding 
Solid Sphere  


Graphite (1.85) IR = 15.2 (for 3 element model) 
OR = 25.4 (for 3 element model) 
IR = 29.1 (for 21 element model), 
OR = 48.5 (for 21 element model) 
Sphere size was varied to account for change in size of solid 
sphere and volume of additional graphite available from fuel 
element components 


Additional Water Reflector 
Outer Sphere Water (1.00) 30.5 (layer surrounding outer graphite reflector shell) 
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Table 3.2-2 
Peach Bottom Material Compositions 


 Fuel (UC2/ThC2/C) 
Density  =  2.14 g/cc 


 


Material Weight Percent Atom Density 
(atoms/b-cm) 


Th-232 15.00 8.332E-04 
U-235 2.79 1.531E-04 
U-238 0.15 7.872E-06 
Carbon 82.06 8.805E-02 


 Carbon 
Density  =  1.85 g/cc 


 


Material Weight Percent Atom Density 
(atoms/b-cm) 


C 100.00 1.314E-01 
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Table 3.2-3 
Analysis Results for Peach Bottom Fuel/Graphite Sphere with Graphite Reflector 


No Water Reflection 
Assemblies per 


Sphere keff σ keff + 2σ 
3 0.1151 0.0003 0.1157 
6 0.2399 0.0004 0.2407 
9 0.3368 0.0005 0.3378 


12 0.4142 0.0006 0.4154 
15 0.4757 0.0006 0.4769 
18 0.5273 0.0007 0.5287 
21 0.5702 0.0006 0.5714 


 


With Additional Water Reflector (12 inch) 
Assemblies per 


Sphere keff σ keff + 2σ 
3 0.3266 0.0005 0.3276 
6 0.4326 0.0005 0.4336 
9 0.5092 0.0006 0.5104 


12 0.5708 0.0006 0.5720 
15 0.6193 0.0006 0.6205 
18 0.6597 0.0007 0.6611 
21 0.6959 0.0007 0.6973 
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Table 3.3-1 
Modeled Configuration for Peach Bottom Fuel in Storage Canister 


Documented Configuration Modeled Configuration 
Region Material (g/cc) Dimensions, cm Material (g/cc) Dimensions, cm 


Spine Description 
Spine 


 
Graphite (2.107) OR=2.225 


Length=228.6 
Graphite (2.107) OR=2.225 


Length=228.6 
Fuel Description 


Fuel 
 


UC2 & ThC2 
(2.143) 


IR=2.2225 
OR=3.429 


UC2 & ThC2 (2.143) IR=2.225 
OR=3.429 


  Length=228.6  Length=228.6 
Reflector Description 


Reflector Graphite (2.107) IR=3.429 
OR=4.445 


Graphite (2.107) IR=3.429 
OR=4.445 


  Length=228.6  Length=228.6 
Basket Tube 


Tube SS-304 
(7.92) 


IR=4.917 
OR=5.08 


SS-304 
(7.92) 


IR=4.917 
OR=5.08 


  Length=228.6  Length=228.6 
Canister 


Canister SS-304 
(7.92) 


IR=21.755 
OR=22.86 


SS-304 
(7.92) 


IR=21.755 
OR=22.86 


  Length=397.29  Length=397.29 
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Table 3.3-2 
Peach Bottom Fuel Compact Loading (in grams) 


Compact Type A B C D 
Description Standard Heavy Rhodium Light Rhodium Heavy Thorium 


Th232 52.10 52.10 52.10 115.36 
U234 (1) 0.156 0.156 0.156 0.082 
U235 9.70 9.70 9.70 5.14 


U236 (1) 0.052 0.052 0.052 0.028 
U238 0.505 0.505 0.505 0.268 
Rh103 0 1.028 0.342 0 


Carbon 285.00 285.00 285.00 273.00 


Note: 
(1) U234 and U236 loading were not required. These are the maximum amounts expected in the fully 
enriched fuel material. 
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Table 3.3-3 
Peach Bottom Types of Fuel Elements Based on Nuclear Properties 


Fuel Element Type 


Description 


I 
Heavy 


Rhodium 


II 
Light  


Rhodium 


III 
Light Rhodium with 


burnable poison 


IV 
Heavy Thorium: 
Light Uranium 


Spine Solid Graphite Solid Graphite 
Hollow with poison 


compacts Solid Graphite 
Compact Type 


In upper 9 inches A A A D 
In middle 54 inches B C C D 
In lower 27 inches A A A D 
Number of types in a 
nominal core loading 


54 588 60 102 
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Table 3.3-4 
Peach Bottom Material Compositions 


  Fuel Type A Fuel Type C 
  Atom Atom 


Component Isotope Density Density 
  (atom/b-cm) (atom/b-cm) 


Fuel ρ=2.575 g/cm3    


 Th-232 8.284E-04 8.284E-04 
 U-234 2.459E-06 2.459E-06 
 U-235 1.523E-04 1.523E-04 
 U-236 8.128E-07 8.128E-07 
 U-238 7.827E-06 7.827E-06 
 Carbon 8.754E-02 8.754E-02 
 Rhodium 0.000E+00 1.226E-05 
 Hydrogen 1.380E-02 1.380E-02 
 Oxygen 6.898E-03 6.898E-03 
    
 Total (Saturated)(a) 1.092E-01 1.092E-01 
 Total (Dry) 8.853E-02 8.855E-02 


Reflectors ρ=2.107 g/cm3    


 Carbon 9.526E-02  
 Hydrogen 1.380E-02  
 Oxygen 6.898E-03  
 Total (Saturated)(a) 1.160E-01  
    
 Total (Dry) 9.526E-02  


Spine ρ=2.057 g/cm3    


 Carbon 9.276E-02  
 Hydrogen 1.380E-02  
 Oxygen 6.898E-03  
 Total (Saturated)(a) 1.135E-01  
 Total (Dry) 9.276E-02  


Notes: 


(a) The analyses in this document considered both the saturated and the dry fuel. 
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 Table 3.3-5 Sheet 1 of 2 
 Analysis Results for Peach Bottom Fuel Arrays 


A: 19 Fuel Elements Saturated and Flooded 


Case A 
Element Separation 


Distance (cm) keff 
Standard 


Deviation ± 1σ 
26A-1 0.1 0.931 ± 0.00076 
26A-2 0.635 0.923 ± 0.00074 
26A-3 0.9525 0.906 ± 0.00073 
26A-4 1.27 0.884 ± 0.00069 
26A-5 1.905 0.833 ± 0.00064 
26A-6 2.54 0.757 ± 0.00063 


B: 37 Elements Hex Array Flooded and Saturated 


Case B 
Element Separation 


Distance (cm) keff 
Standard 


Deviation ± 1σ 
26B-1 0.1 1.102 ± 0.00075 
26B-2 0.635 1.074 ± 0.00071 
26B-3 0.9525 1.042 ± 0.00066 
26B-4 1.27 1.027 ± 0.00068 
26B-5 1.905 0.927 ± 0.00063 


 
C: Fuel Elements Saturated and Flooded with 0.1 cm Separation 


Case C keff 
Standard 


Deviation ± 1σ 
Number Of 
Elements 


26C-1 1.102 ± 0.00075 37 


26C-2 1.07 ± 0.00076 33 


26C-3 1.050 ± 0.00077 30 


26C-4 1.023 ± 0.00075 27 


26C-5 0.991 ± 0.00077 24 


26C-6 0.955 ± 0.00077 21 


26C-7 0.931 ± 0.00076 19 


26C-8 0.912 ± 0.00028 18 
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 Table 3.3-5 Sheet 2 of 2 
 Analysis Results for Peach Bottom Fuel Arrays 


D: Fuel Elements Dry, Reflected, with no Water Between 
Elements. 0.1 cm Separation Edge to Edge Between Elements. 


Case D keff


Standard 
Deviation ± 1σ 


Number of 
Elements 


26D-1 0.545 ± 0.00074 37 


26D-2 0.503 ± 0.00074 33 


26D-3 0.474 ± 0.0007 30 


26D-4 0.441 ± 0.00067 27 


26D-5 0.407 ± 0.00062 24 


26D-6 0.368 ± 0.00061 21 


26D-7 0.343 ± 0.00059 19 


26D-8 0.304 ± 0.00056 16 


26D-9 0.262 ± 0.0005 13 


26D-10 0.220 ± 0.00044 10 


26D-11 0.171 ± 0.0004 7 
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Table 3.3-6 
Analysis Results for Peach Bottom Fuel as a Function of Moderation 


19 Fully Reflected and Saturated Fuel Elements in a hexagonal array  
with 0.1 cm edge to edge separation 


Case keff 
Standard 


Deviation ± 1σ 
Water Density 


(g/cm3) 
27-1 0.9309 ± 0.00078 1 


27-2 0.9293 ± 0.00054 0.95 


27-3 0.9272 ± 0.00055 0.9 


27-4 0.9262 ± 0.00055 0.85 


27-5 0.9227 ± 0.00055 0.8 


27-6 0.9160 ± 0.00078 0.7 


27-7 0.9069 ± 0.00078 0.6 


27-8 0.8995 ± 0.00079 0.5 


27-9 0.8866 ± 0.00079 0.4 


27-10 0.8745 ± 0.00082 0.3 


27-11 0.8597 ± 0.00084 0.2 


27-12 0.8422 ± 0.0008 0.1 


27-13 0.8318 ± 0.0008 0.05 


27-14 0.8284 ± 0.00078 0.025 
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Table 3.4-1 
Physical Fuel Configuration for Peach Bottom Fuel Elements 


Element Shape Right circular cylindrical rod 
Element Dim. 3.5” O. D. x 12’ long 
Compact Shape Flat annular cylinders (A doughnut shape) 
Compact Dimension 2.7” O. D. X 2.98” long. Center hole 1.75” dia. 
Element “Cladding” Material Low-permeability Graphite and nuclear-grade graphite 
Compact “Cladding” Material None (Graphite matrix was not designed to be cladding) 
No. of compacts/element 30 compacts 
Enrichment 93.15% 
Active Fuel Length 89” – 90” 
Fuel Meat UC, ThC particles 
Particle Cladding Pyrolytically deposited carbon (PyC). Monocoated 
Particle Cladding thickness 55 +/- 10 um 
Particle Diameter Between 210 and 595 um 
Added Material:  
Spines:  
• Solid spines, Dim. 1.75” O. D. x 30” long 


• Hollow Spines, Dim. 1.75” O. D. x 30” long (hole = 0.89” dia.) 


Burnable Poison Compacts  
• Shape Solid cylindrical pellets 


• Poison Compact, Dim. 0.89” O. D. x 2.0” long 


• Poison material ZrB2 particles pressed into a graphite matrix 


• Poison particle diameter 100 um 


• Stainless Steel Screen 18-8 SST 


• Internal trap Activated Charcoal 


• Brazing ring Silicon 


• Thermocouple (Instrumented elements 
only) 


Inconel sheath, tungsten-rhenium, chromel-alumel Nb-1% Zr 
sheath 


• Bottom Connector (Instrumented) Graphite, stainless steel, Inconel 
Criticality Model Information 


Region Dimensions and source of information Documented Configuration 
for Criticality Model 


  Dimensions, cm (inches) 
Spine 1.75“ O.D. (from above) 


3 spines at 30” /spine (from above) 
OR = 2.225 (.875) 
Length = 228.6 (90) 


Fuel 
Compact 


2.7” O.D. x 2.98” long per compact. Center hole 1.75” dia. 
(from above) 
30 compact (from above) 


IR = 2.2225 (.875) 
OR = 3.429 (1.35) 
Length = 228.6 (90) 


Sleeve 3.5” Dia. (See Figure 3.1-1) and Element Dim. (from above) 
and sleeve length (Active Fuel Length from above) 


IR = 3.429 (1.35) 
OD = 4.445 (1.75) 
Length = 228.6 (90) 
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 Table 3.4-2 
Modeled Configuration for Peach Bottom Fuel in a Storage Tube 


Documented Configuration Modeled Configuration 
Region Material (g/cc) Dimensions, cm Material (g/cc) Dimensions, cm 


Spine Description 
Spine 


 
Graphite (2.107) OR=2.225 


Length=228.6 
Graphite (2.107) OR=2.225 


Length=228.6 
Fuel Description 


Fuel 
 


UC2 & ThC2 
(2.143) 


IR=2.2225 
OR=3.429 


UC2 & ThC2 (2.143) IR=2.225 
OR=3.429 


  Length=228.6  Length=228.6 
Reflector Description 


Reflector Graphite (2.107) IR=3.429 
OR=4.445 


Graphite (2.107) IR=3.429 
OR=4.445 


  Length=228.6  Length=228.6 
Basket Tube 


Tube SS-304 
(7.92) 


IR=4.917 
OR=5.08 


SS-304 
(7.92) 


IR=4.917 
OR=5.08 


  Length=228.6  Length=228.6 
Canister Cylinder 


Canister 
Cylinder 


SS-304 
(7.92) 


IR=21.755 
OR=22.86 


SS-304 
(7.92) 


IR=21.755 
OR=22.86 


  Length=397.29  Length=397.29 
Storage Tube 


Storage 
Tube 


C. Steel (7.82) IR=24.4475 
OR=25.4 


C. Steel (7.82) IR=23.495 
OR=24.4475 


  Length=607.06  Length=395.29 
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Table 3.4-3 
Analysis Results for Peach Bottom Fuel in a Storage Tube 


A: Steel Storage Tube Modeled Explicitly 
Calculation Results


Case 


Storage 
Tube 


Array(a) 
Fuel 


Condition 


Moderated 
Between 
Elements 


Reflected 
Around 


Elements 


H2O bet. 
Between 


Storage Tubes k-eff 1 Sigma
        


33A-1 1 Tube dry No No N.A. 0.0183 5E-05 
        


33A-2 1 Tube dry Yes Yes N.A. 0.383 0.0003 
        


33A-3 1 Tube Sat. Yes Yes N.A. 0.439 0.00032 
        


33A-4 2 Tubes Sat. Yes Yes No 0.443 0.00032 
        


33A-5 4 Tubes Sat. Yes Yes No 0.461 0.00032 
        


33A-6 Inf. Array Sat. Yes Yes No 0.461 0.00032 
        


33A-7 Inf. Array Sat. Yes Yes Yes 0.495 0.00031 
        
        


B. Model As Above Except Storage Tubes Replaced With Water 
        


33B-1 Inf. Array Sat. Yes Yes No 0.455 0.00032 
        


33B-2 Inf. Array Sat. Yes Yes Yes 0.477 0.00032 


Note: 
(a) The storage tube arrays are modeled as a square array with edge to edge separation distances 


of 1.1 cm for all applicable analyses. 
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Table 3.5-1 
Physical Characteristics of the Standard TRIGA Fuel Elements 


Characteristics Al Clad Elements Standard SST Clad Elements 
Element dim., in. 1.47 dia x 28 long 1.478 dia x 28.94 long 
Geometry of fuel meat Solid rod Hollow rod 
Effective fuel length, in. 1.41 dia x 14 long 1.435 dia x 15 long 
Plenum gap length NA 0.25 in. 
Fuel meat material UZrH1 UZrH1.7 


Nominal 235U 36 g 39 g 
Nominal TotalU 180 g 195 g 
Nominal fuel meat weight 2250 g 2283 g 
Total element weight 2.9 kg 3.4 kg 
U ppt size NA NA 
Burnable poisons Samarium trioxide None Used 
Poison dim., in. 1.42 dia x 0.05 thick --- 
Rod-Cladding gap NA NA 
Cladding 1100F Al Type 304 SST 
Clad thickness 0.03 in. 0.02 in. 
Weld filler material NA NA 
2 end fixtures 140 g 530 g 
2 Graphite end reflectors 1.41 dia x 3.95 long each 1.435 dia x 3.42 long each 
Material added to element None known 0.225 in dia. Zr rod inside hollow fuel rod. 


Molybdenum disc,(a) 1.435 in. dia. X 0.031 
inches thick 


Note: 


(a) Located between the fuel meat and the bottom graphite end reflector, only in elements 
produced after 4/15/71. 
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Table 3.5-2 
Modeled Configuration for TRIGA 


Documented Configuration Modeled Configuration 
Region Material (g/cc) Dimensions, cm Material (g/cc) Dimensions, cm 


Fuel Description 
Fuel 


(Zr rod) 
Zr (6.4) OR=0.28575 


Length=38.1 
Zr (6.4) OR=0.28575 


Length=38.1 
     


Fuel 
(meat) 


U-ZrH1.7 (6.0875) IR=0.3175 
OR=1.82245 


U-ZrH1.7 (6.0875) IR=0.3175 
OR=1.82245 


  Length=38.1  Length=38.1 
 


Fuel Clad SS-304 
(7.93) 


IR=1.82626 
OR=1.87706 


SS-304 
(7.93) 


IR=1.82626 
OR=1.87706 


  Length=55.4736  Length=55.4736 
 


Basket Tube 
Tube SS-304 


(7.92) 
IR=2.06 


OR=2.2225 
SS-304 
(7.92) 


IR=2.06 
OR=2.2225 


  Length=91.44  Length=91.44 
 


Canister 
Canister SS-304 


(7.92) 
IR=21.6535 
OR=22.86 


SS-304 
(7.92) 


IR=7.3152 
OR=7.467092 


  Length=299.72  Length=95.25 
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Table 3.5-3 
Analysis Results for Peach Bottom Canister and TRIGA Canister in Storage Tube 


Problem ID 
H2O Density Between 
Storage Tubes (g/cm3) keff 1 σ 


Comc4 0 0.534 0.00041 
Comc4h 0.02 0.578 0.00043 
Comc4g 0.1 0.672 0.00041 
Comc4f 0.2 0.691 0.00044 
Comc4e 0.4 0.748 0.00042 
Comc4d 0.6 0.793 0.00042 
Comc4c 0.8 0.821 0.00041 
Comc4b 0.9 0.830 0.00042 
Comc4a 1.0 0.837 0.00040 


Note: The storage tube arrays are modeled with center-to-center separation distances of 34 inches. 
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Table 3.5-4 
TRIGA Material Compositions 


Material MCNP Isotope
Element Atom Density 


(atoms/b-cm) 
Fuel (6.0875 g/cm3) 1001 0.036191 


 40000 0.021289 
 92235 0.000157 
 92238 0.000621 
 26000 0.001804 
 7000 2.362E-05 
 8000 6.358E-06 
 18000 3.028E-07 
   


Graphite (2.3 g/cm3) 6012 0.11532 
   


Fe (7.86 g/cm3) 26000 0.084758 
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Table 4.1-1 
Modeled Configuration for Shippingport Reflector Rods 


Documented Configuration Modeled Configuration 
Region Material (g/cc) Dimensions, cm Material (g/cc) Dimensions, cm 


Reflector Description 
Pellet 233UO2-ThO2 


(9.69) 
R=0.9414 


Length=1.88 


233UO2-ThO2 (9.69) R=0.9414 
Length=1.88 


     
Clad Zr (6.49) IR=0.950 


OR=1.057 
Zr (6.49) IR=0.950 


OR=1.057 
  Length=256.39  Length=256.39 
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Table 4.1-2 
Post Irradiation, Type V Shippingport Reflector 


MCNP 
Case Isotope 


Activity 
(Ci) 


Specific 
Activity (Ci/g) Mass (g) 


Mass per Pellet 
(g/pellet) 


Mass per 
Rod (g/rod) 


42-1 Th230 8.82E-04 2.02E-02 4.37E-02 1.86E-06 2.63E-04 
42-2 Th232 1.15E-01 1.10E-07 1.05E+06 4.45E+01 6.30E+03 
42-3 U232 5.21E+00 2.14E+01 2.43E-01 1.04E-05 1.47E-03 
42-4 U233 6.38E+01 9.68E-03 6.59E+03 2.80E-01 3.97E+01 
42-5 U234 1.66E-01 6.25E-03 2.66E+01 1.13E-03 1.60E-01 
42-6 U235 1.20E-06 2.16E-06 5.56E-01 2.36E-05 3.35E-03 
42-7 U236 2.92E-07 6.47E-05 4.51E-03 1.92E-07 2.72E-05 
42-8 U238 2.54E-07 3.36E-07 7.56E-01 3.22E-05 4.55E-03 
42-9 Pu236 2.08E-12 5.31E+02 3.92E-15 1.67E-19 2.36E-17 
42-10 Pu238 1.39E-05 1.71E+01 8.13E-07 3.46E-11 4.90E-09 
42-11 Pu239 6.65E-04 6.22E-02 1.07E-02 4.55E-07 6.44E-05 
42-12 Pu240 1.58E-04 2.28E-01 6.93E-04 2.95E-08 4.17E-06 
42-13 Pu241 4.88E-03 1.03E+02 4.74E-05 2.02E-09 2.85E-07 
42-14 Pu242 1.45E-08 3.82E-03 3.80E-06 1.62E-10 2.29E-08 
42-15 Am241 2.76E-04 3.43E+00 8.05E-05 3.42E-09 4.85E-07 
42-16 O16   1.45E+05 6.15E+00 8.70E+02 
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Table 4.1-3 
Analysis Results for Infinite Array of Shippingport Reflector Rods 


Pitch (inches) keff Uncertainty (1 σ) MCNP Case 
0.9000 0.6210 0.0016 43-1 
0.9500 0.6410 0.0015 43-2 
1.0000 0.6490 0.0015 43-3 
1.0500 0.6420 0.0013 43-4 
1.1000 0.6370 0.0013 43-5 
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Table 5.2-1 
Benchmark Experiment Descriptions for Validating MCNP4B2 Code 


Experiment 


Number of 
Selected 


Experiments


Number of 
Available 


Experiments Description of Criticality Experiments 


IEU-COMP-THERM-002 2 6 
17 wt% 235U stainless-steel-clad fuel rods in 
6.8-cm hexagonal-pitched lattices; gadolinium 
or cadmium absorber element (if present) 


IEU-COMP-THERM-003 2 2 
20 wt% 235U TRIGA Mark II reactor; zirconium 
hydride fuel rods in water; graphite reflector; 
12 w/o uranium concentration 


HEU-COMP-THERM-002 25 25 
Hexagonal graphite rods containing highly 
enriched uranium moderated and reflected by 
water, uranium enriched to 93.15 wt % 235U. 


HEU-COMP-THERM-007 3 3 Hexagonally pitched double lattices, U(80)O2, 
ZrH rods, water moderated and reflected. 


HEU-COMP-INTER-001 1 6 96% 235U, zirconium hydride moderator, 
beryllium reflector, water moderated 


HEU-MET-THERM-003 5 7 
Nearly cubic and cubic lattices of oralloy (Oy), 
water moderated and reflected, various 235U 
enrichments (~94%). 


HEU-MET-THERM-006 18 23 
Lattices of SPERT-D fuel elements, uranium 
enriched to 93.17%, cladding 0.02 in thick, 
water moderated and reflected. 


Total 56 72  
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 Table 5.2-2 Sheet 1 of 2
 Calculation Results for 56 Critical Experiments 


Case ID Calculated keff Uncertainty (σcalc) Benchmark keff Normalized keff 


ICT0201 0.9959 0.0008 1.0014 0.9945 


ICT0202 1.0009 0.0008 1.0019 0.9990 


ICT0301 0.9988 0.0009 1.0006 0.9982 


ICT0302 1.0061 0.0009 1.0046 1.0015 


HCT0201 1.0080 0.0010 1.0011 1.0069 


HCT0202 1.0134 0.0010 1.0011 1.0123 


HCT0203 1.0132 0.0010 1.0011 1.0121 


HCT0204 1.0152 0.0010 1.0011 1.0141 


HCT0205 1.0150 0.0009 1.0011 1.0139 


HCT0206 1.0157 0.0009 1.0011 1.0146 


HCT0207 1.0153 0.0009 1.0011 1.0142 


HCT0208 1.0157 0.0008 1.0011 1.0146 


HCT0209 1.0152 0.0008 1.0011 1.0141 


HCT0210 1.0148 0.0008 1.0011 1.0137 


HCT0211 1.0140 0.0010 1.0011 1.0129 


HCT0212 1.0113 0.0010 1.0011 1.0102 


HCT0213 1.0157 0.0009 1.0011 1.0146 


HCT0214 1.0146 0.0009 1.0011 1.0135 


HCT0215 1.0178 0.0008 1.0011 1.0167 


HCT0216 1.0164 0.0008 1.0011 1.0153 


HCT0217 1.0213 0.0008 1.0011 1.0202 


HCT0218 1.0151 0.0011 1.0020 1.0131 


HCT0219 1.0102 0.0010 1.0020 1.0082 


HCT0220 1.0156 0.0009 1.0020 1.0136 


HCT0221 1.0141 0.0009 1.0020 1.0121 


HCT0222 1.0142 0.0009 1.0020 1.0122 


HCT0223 1.0136 0.0010 1.0008 1.0128 


HCT0224 1.0147 0.0010 1.0008 1.0139 


HCT0225 1.0124 0.0010 1.0008 1.0116 


HCT0701A 0.9969 0.0009 1.0000 0.9969 
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 Table 5.2-2 Sheet 2 of 2
 Calculation Results for 56 Critical Experiments 


Case ID Calculated keff Uncertainty (σcalc) Benchmark keff Normalized keff 


HCT0702A 0.9946 0.0009 1.0000 0.9946 


HCT0703A 0.9943 0.0009 1.0000 0.9943 


HCI0105 1.0019 0.0009 1.0000 1.0019 


HMT0303 0.9812 0.0009 0.9826 0.9986 


HMT0304 0.9881 0.0009 0.9876 1.0005 


HMT0305 1.0028 0.0010 0.9930 1.0099 


HMT0306 0.9733 0.0010 0.9889 0.9842 


HMT0307 0.9867 0.0010 0.9919 0.9948 


HMT0601 0.9970 0.0010 1.0000 0.9970 


HMT0602 0.9987 0.0010 1.0000 0.9987 


HMT0603 1.0019 0.0009 1.0000 1.0019 


HMT0605 0.9987 0.0009 1.0000 0.9987 


HMT0606 0.9975 0.0009 1.0000 0.9975 


HMT0607 0.9975 0.0008 1.0000 0.9975 


HMT0608 0.9924 0.0008 1.0000 0.9924 


HMT0609 0.9946 0.0008 1.0000 0.9946 


HMT0610 1.0043 0.0010 1.0000 1.0043 


HMT0611 1.0047 0.0009 1.0000 1.0047 


HMT0612 1.0041 0.0008 1.0000 1.0041 


HMT0613a 1.0292a 0.0009 1.0000 1.0292a 


HMT0614 0.9933 0.0008 1.0000 0.9933 


HMT0615 0.9904 0.0008 1.0000 0.9904 


HMT0616 1.0058 0.0009 1.0000 1.0058 


HMT0617 1.0015 0.0009 1.0000 1.0015 


HMT0618 1.0032 0.0010 1.0000 1.0032 


HMT0619 0.9916 0.0007 1.0000 0.9916 
a HMT0613 was reported to be high by the evaluator with no explanation. As a result, it was not used to compute the bias 


for this class of materials. 
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Table 5.3-1 
Benchmark Experiment Descriptions for Validating MCNP4C for TRIGA Fuel 


Experiment 


Number of 
Available 


Experiments 


Number of 
Selected 


Experiments Description of Criticality Experiments 


HEU-COMP-
THERM-011 5 3 


~80 a/o 235U UO2 stainless-steel-clad fuel rods 
in an aluminum matrix in clusters of square-
pitched 21x21 lattices; lattice pitch value of 14 
mm; cluster distance varied from 0 to 5.6 cm 


HEU-COMP-
THERM-012 5 2 


~80 a/o 235U UO2 stainless-steel-clad fuel rods 
in an aluminum matrix in clusters of square-
pitched 18x18 lattices; lattice pitch value of 14 
mm; cluster distance varied from 0 to 5.6 cm 


HEU-COMP-
THERM-013 4 2 


~80 a/o 235U UO2 stainless-steel-clad fuel rods 
in an aluminum matrix in clusters of square-
pitched 14x14 lattices; lattice pitch value of 14 
mm; cluster distance varied from 1.4 to 5.6 cm


HEU-COMP-
THERM-014 4 2 


~80 a/o 235U UO2 stainless-steel-clad fuel rods 
in an aluminum matrix in clusters of square-
pitched 10x10 lattices; lattice pitch value of 
19.8 mm; cluster distance varied from 0 to 
5.94 cm 


IEU-COMP-
THERM-002 6 6 


17 w/o 235U stainless-steel-clad fuel rods in 
6.8-cm hexagonal-pitched lattices; gadolinium 
or cadmium absorber element (if present) 


IEU-COMP-
THERM-003 2 2 


20 w/o 235U TRIGA Mark II reactor; zirconium 
hydride fuel rods in water; graphite reflector; 
12 w/o uranium concentration 


LEU-COMP-
THERM-001 8 8 


2.35 w/o 235U UO2 aluminum clad fuel rods in 
2.032-cm square-pitched arrays; water-
moderated 


LEU-COMP-
THERM-002 5 5 


4.31 w/o 235U UO2 aluminum clad fuel rods in 
2.54-cm square-pitched arrays; water-
moderated 


LEU-COMP-
THERM-003 23 22 


2.35 w/o 235U UO2 aluminum clad fuel rods in 
1.684-cm square-pitched arrays; water-
moderated, gadolinium water impurity 


LEU-COMP-
THERM-004 20 20 


4.31 w/o 235U UO2 aluminum clad fuel rods in 
1.892-cm square-pitched arrays; water-
moderated, gadolinium water impurity 


Total 82 72  
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 Table 5.3-2 Sheet 1 of 3 
 Keff and Uncertainty Results 


Case keff 


Uncertainty 
(σ) keff + 2σ 


HEU-COMP-THERM-011 
hct11a 0.987 0.0009 0.9890 
hct11b 0.990 0.0008 0.9920 
hct11c 0.991 0.0009 0.9923 


HEU-COMP-THERM-012 
hct12a 0.990 0.0011 0.9926 
hct12b 0.988 0.0009 0.9902 


HEU-COMP-THERM-013 
hct13a 0.991 0.0009 0.9928 
hct13b 0.992 0.0010 0.9944 


HEU-COMP-THERM-014 
hct14a 0.998 0.0009 0.9997 
hct14b 0.997 0.0009 0.9991 


IEU-COMP-THERM-002 
ict2a 0.994 0.0007 0.9957 
ict2b 1.000 0.0008 1.0011 
ict2c 1.000 0.0007 1.0012 
ict2d 1.003 0.0007 1.0047 
ict2e 0.994 0.0007 0.9958 
ict2f 0.996 0.0007 0.9971 


IEU-COMP-THERM-003 
ict3a 1.000 0.0003 1.0001 
ict3b 1.005 0.0003 1.0053 


LEU-COMP-THERM-001 
lct1a 0.995 0.0018 0.9985 
lct1b 0.997 0.0015 0.9995 
lct1c 0.995 0.0015 0.9976 
lct1d 0.998 0.0015 1.0007 
lct1e 0.993 0.0017 0.9959 
lct1f 0.996 0.0016 0.9995 
lct1g 1.001 0.0015 1.0035 
lct1h 0.992 0.0016 0.9949 
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 Table 5.3-2  Sheet 2 of 3 
 Keff and Uncertainty Results 


Case keff 


Uncertainty 
(σ) keff + 2σ 


LEU-COMP-THERM-002 
lct2a 0.994 0.0017 0.9970 
lct2b 0.996 0.0019 1.0002 
lct2c 0.993 0.0018 0.9964 
lct2d 0.995 0.0020 0.9987 
lct2e 0.995 0.0017 0.9988 


LEU-COMP-THERM-003 
lct3a 0.986 0.0020 0.9902 
lct3b 0.985 0.0017 0.9887 
lct3c 0.982 0.0018 0.9857 
lct3d 0.985 0.0017 0.9880 
lct3e 0.987 0.0018 0.9910 
lct3f 0.984 0.0015 0.9872 
lct3g 0.986 0.0019 0.9898 
lct3h 0.988 0.0019 0.9916 
lct3i 0.980 0.0016 0.9827 
lct3j 0.980 0.0017 0.9829 
lct3k 0.984 0.0017 0.9870 
lct3l 0.982 0.0016 0.9854 


lct3m 0.982 0.0018 0.9857 
lct3n 0.983 0.0016 0.9864 
lct3o 0.984 0.0017 0.9878 
lct3p 0.983 0.0018 0.9869 
lct3q 0.982 0.0017 0.9857 
lct3r 0.982 0.0017 0.9850 
lct3s 0.981 0.0017 0.9845 
lct3t 0.984 0.0014 0.9867 
lct3u 0.982 0.0016 0.9855 
lct3v 0.993 0.0017 0.9962 
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 Table 5.3-2 Sheet 3 of 3 
 Keff and Uncertainty Results 


Case keff 


Uncertainty 
(σ) keff + 2σ 


LEU-COMP-THERM-004 
lct4a 0.990 0.0017 0.9932 
lct4b 0.989 0.0019 0.9927 
lct4c 0.989 0.0021 0.9932 
lct4d 0.990 0.0020 0.9943 
lct4e 0.989 0.0020 0.9925 
lct4f 0.987 0.0020 0.9906 
lct4g 0.990 0.0018 0.9933 
lct4h 0.989 0.0018 0.9930 
lct4i 0.988 0.0022 0.9928 
lct4j 0.996 0.0019 0.9999 
lct4k 0.984 0.0019 0.9875 
lct4l 0.978 0.0021 0.9825 


lct4m 0.986 0.0018 0.9896 
lct4n 0.982 0.0021 0.9863 
lct4o 0.987 0.0017 0.9900 
lct4p 0.986 0.0018 0.9896 
lct4q 0.985 0.0023 0.9892 
lct4r 0.984 0.0019 0.9877 
lct4s 0.986 0.0019 0.9900 
lct4t 0.984 0.0017 0.9877 
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Table 5.3-3 
Benchmark Experiment Descriptions for Validating MCNP4C for Peach Bottom Fuel 


Experiment 


Number of 
Available 


Experiments


Number of 
Selected 


Experiments Description of Criticality Experiments 


HEU-COMP-MIXED-001 26 7 


Cans in variously sized arrays containing 
enriched uranium dioxide (UO2), 93.15 wt% 
235U enrichment, cans arranged in variously 
sized arrays. 


HEU-COMP-THERM-002 25 25 


Hexagonal graphite rods containing highly 
enriched uranium moderated and reflected 
by water, uranium enriched to 93.15 wt % 
235U. 


HEU-SOL-THERM-005 17 8 


Highly enriched solutions of uranyl nitrate 
[UO2(NO3)2] and uranyl fluoride [UO2F2], 
235U enrichments ranging from 87.4% to 
93.2%, H/235U values ranging from 99.3 to 
276. 


HEU-SOL-THERM-025 18 18 
Highly enriched (89.0 wt% 235U) uranium in 
uranyl nitrate solutions, solution heights 
varied from experiment to experiment. 


Total  58  
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 Table 5.3-4 Sheet 1 of 2
  Keff and Uncertainty Results 


Case keff 


Uncertainty
(σ) keff + 2σ 


HEU-COMP-MIXED-001 
hcm1b.o 1.0089 0.0011 1.0111 
hcm1d.o 0.9899 0.0010 0.9919 
hcm1k.o 1.0005 0.0010 1.0025 
hcm1n.o 0.9948 0.0011 0.9970 
hcm1q.o 1.0151 0.0016 1.0183 
hcm1x.o 1.0058 0.0015 1.0088 
hcm1y.o 1.0086 0.0016 1.0118 


HEU-COMP-THERM-002 
hct2a.o 1.0013 0.0017 1.0047 
hct2b.o 1.0170 0.0018 1.0206 
hct2c.o 1.0157 0.0016 1.0189 
hct2d.o 1.0212 0.0018 1.0248 
hct2e.o 1.0195 0.0015 1.0225 
hct2f.o 1.0188 0.0017 1.0222 
hct2g.o 1.0186 0.0015 1.0216 
hct2h.o 1.0190 0.0013 1.0216 
hct2i.o 1.0188 0.0016 1.0220 
hct2j.o 1.0180 0.0015 1.0210 
hct2k.o 1.0169 0.0017 1.0203 
hct2l.o 1.0154 0.0018 1.0190 


hct2m.o 1.0208 0.0016 1.0240 
hct2n.o 1.0222 0.0018 1.0258 
hct2o.o 1.0208 0.0017 1.0242 
hct2p.o 1.0198 0.0015 1.0228 
hct2q.o 1.0214 0.0014 1.0242 
hct2r.o 1.0154 0.0018 1.0190 
hct2s.o 1.0177 0.0018 1.0213 
hct2t.o 1.0179 0.0016 1.0211 
hct2u.o 1.0183 0.0016 1.0215 
hct2v.o 1.0149 0.0011 1.0171 
hct2w.o 1.0152 0.0020 1.0192 
hct2x.o 1.0206 0.0015 1.0236 
hct2y.o 1.0185 0.0015 1.0215 
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 Table 5.3-4 Sheet 2 of 2
 Keff and Uncertainty Results 


Case keff 


Uncertainty
(σ) keff + 2σ 


HEU-SOL-THERM-005 
hst5a.o 1.0004 0.0011 1.0026 
hst5c.o 1.0098 0.0011 1.0120 
hst5d.o 1.0083 0.0011 1.0105 
hst5f.o 1.0034 0.0013 1.0060 
hst5h.o 0.9908 0.0012 0.9932 
hst5i.o 1.0089 0.0012 1.0113 


hst5m.o 0.9997 0.0011 1.0019 
hst5p.o 1.0033 0.0010 1.0053 


HEU-SOL-THERM-025 
hst25a.o 1.0007 0.0008 1.0023 
hst25b.o 0.9984 0.0008 1.0000 
hst25c.o 0.9952 0.0008 0.9968 
hst25d.o 1.0015 0.0008 1.0031 
hst25e.o 1.0031 0.0009 1.0049 
hst25f.o 1.0094 0.0007 1.0108 
hst25g.o 1.0146 0.0008 1.0162 
hst25h.o 1.0100 0.0008 1.0116 
hst25i.o 1.0056 0.0008 1.0072 
hst25j.o 1.0097 0.0008 1.0113 
hst25k.o 1.0104 0.0008 1.0120 
hst25l.o 1.0110 0.0008 1.0126 
hst5m.o 1.0167 0.0008 1.0183 
hst25n.o 1.0101 0.0008 1.0117 
hst25o.o 1.0028 0.0008 1.0044 
hst25p.o 1.0157 0.0008 1.0173 
hst25q.o 1.0084 0.0008 1.0100 
hst25r.o 1.0048 0.0007 1.0062 
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Figure 2.2-1 
MCNP Model of Two TRIGA Baskets Side-by-Side 
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Figure 2.2-2 
X-Y Plane View of TRIGA Fuel Basket 
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Figure 2.3-1 
MCNP Model of Two Stacked TRIGA Baskets 
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Figure 2.3-2 
MCNP Model of Two Stacked TRIGA Baskets in ISF Canister 
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Figure 2.3-3 
TRIGA Fuel Canisters in ISF Vault Storage Tubes  
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Figure 2.4-1 
Radial View of MCNP Model for a Single TRIGA Canister under Dry Moderation 


Conditions with 1 Inch Water Reflection 
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Figure 2.4-2 
Axial View of MCNP Model for a Single TRIGA Canister Under Dry Moderation  


Conditions with 1 Inch Water Reflection 
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Figure 2.4-3 
Radial View of MCNP Model for a Single TRIGA Canister under Dry Moderation 


Conditions with 12 Inches Water Reflection 
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Figure 2.4-4 
Axial View of MCNP Model for a Single TRIGA Canister under Dry Moderation  


Conditions with 12 Inches Water Reflection 
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Figure 2.4-5 
Radial View of MCNP Model for Two TRIGA Canisters Side-by-Side under Dry Moderation 


Conditions with 1 Inch Water Reflection 
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Figure 2.4-6 
Axial View of MCNP Model for Two TRIGA Canisters Side-by-Side under Dry Moderation 


Conditions with 1 Inch Water Reflection 
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Figure 2.4-7 
Radial View of MCNP Model for Two Flooded TRIGA Canisters Placed Side-by-Side  


with 12 Inches Water Reflection 
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Figure 2.4-8 
Axial View of MCNP Model for Two Flooded TRIGA Canisters Placed Side-by-Side  


with 12 Inches Water Reflection 
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Figure 2.4-9 
Axial View of MCNP Model for Two TRIGA Canisters End-to-End under Dry Moderation 


Conditions with 1 Inch Water Reflection 
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Figure 2.4-10 
Axial View of MCNP Model for Two TRIGA Canisters End-to-End under Dry Moderation 


Conditions with 12 Inches Water Reflection 
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Figure 2.5-1 
keff + 2σ for Arrays of TRIGA Fuel Elements 
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Figure 2.5-2 
Hexagonal Pitched MCNP Model, Transverse Cut through Fuel Stacked in Concrete 


Corner with Water Reflection 
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Figure 2.5-3 
MCNP Model, Cut Parallel to the Longitudinal Axis of Fuel Stacked in Concrete Corner 


with Water Reflection 
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Figure 2.5-4 
Square Pitched MCNP Model, Transverse Cut through Fuel Stacked in Concrete Corner 


with Water Reflection 
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Figure 2.6-1 
Radial View of MCNP Model for Two TRIGA Fuel Baskets Under Dry Moderation 


Conditions in the FPA with 1 Inch Water Reflection 
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Figure 2.6-2 
Axial View of MCNP Model for Two TRIGA Fuel Baskets under Dry Moderation  


Conditions in the FPA with 1 Inch Water Reflection 
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Figure 2.7-1 
3D Cutaway View of MCNP Model of TRIGA Fuel Basket 
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Figure 2.7-2 
X-Y Plane View of TRIGA Fuel Basket 
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Figure 3.1-1 
MCNP Model of Side-by-Side Peach Bottom Arrays 
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Figure 3.1-2 
X-Y Plane View of Side-by-Side Peach Bottom Arrays 


(18 Elements Each) 
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Figure 3.2-1 
Peach Bottom Fuel Element 
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Figure 3.2-2 
MCNP Geometry for Homogenized Peach Bottom Fuel Surrounded by Graphite Reflector 
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Figure 3.2-3 
Peach Bottom keff (keff  + 2σ shown) as a Function of Equivalent Number of Elements 


(Homogenized Fuel/Graphite in a Sphere) 
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Figure 3.3-1 
Cross Section of MCNP Model with 37 Peach Bottom Fuel Elements 
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Figure 3.3-2 
Cross Section View of MCNP Model with 19 Peach Bottom Fuel Elements in a Hexagonal 


Array within a Water Reflector 
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Figure 3.3-3 
Cross Section View of MCNP Model with 18 Peach Bottom Fuel Elements in a Hexagonal 


Array within a Water Reflector 
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Figure 3.3-4 
Cross Section View of MCNP Model with 6 Peach Bottom Fuel Elements in a Hexagonal 


Array within a Water Reflector 
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Figure 3.3-5 


Calculated Criticality as a Function of Separation Distance for 19 Peach Bottom Fuel 
Elements in a Hexagonal Array 
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Figure 3.3-6 
Calculated Criticality as a Function of Separation Distance for 37 Peach Bottom Fuel 


Elements in a Hexagonal Array 
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Figure 3.3-7 
Calculated Criticality as a Function of Number of Fuel Elements for Peach Bottom Fuel 


Elements in a Hexagonal Array – Saturated and Flooded 
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Figure 3.3-8 
Calculated Criticality as a Function of Number of Fuel Elements for Peach Bottom Fuel 


Elements in a Hexagonal Array - Dry 
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Figure 3.3-9 
Calculated Criticality as a Function of Number of Fuel Elements for Peach Bottom Fuel 


Elements in a Hexagonal Array - Flooded 
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Figure 3.3-10 
Peach Bottom Criticality as a Function of Moderation
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Figure 3.4-1 
Elevation View of Peach Bottom Fuel Elements in Storage Canister 


Basket 
tube


Canister 


Shield 
(10 inches) 


Fuel 
Element


spacer 







ISF FACILITY 
SAR Chapter 4 Appendix 4A 


Rev. 4 
 


 


  


Figure 3.4-2 
Elevation View of Peach Bottom Fuel Elements in Storage Canister and the Canister 


Storage Tube 
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Figure 3.4-3 
Cross Section through MCNP Model of the 18 Inch Diameter Basket Loaded with 


10 Peach Bottom Fuel Elements 
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Figure 3.5-1 
TRIGA Fuel Element (Figure 3-1, DOE Contract)
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Figure 3.5-2 
TRIGA Spent Fuel Basket 
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Figure 3.5-3 
Two TRIGA Baskets in 18 Inch Canister 
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Figure 3.5-4 
Cross Section from the MCNP Model for the Fueled Regions in the TRIGA Basket in the 


Storage Canister and Storage Tube 
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Figure 3.5-5 
TRIGA and Peach Bottom ISF Fuel Canisters Showing Canister Dimensions and Spacing 


Used in Analysis 
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Figure 4.1-1 
Water Moderated Reflector Rod Cell, Reflected on All 6 Surfaces 
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Figure 4.1-2 
Axial Cut of Water Moderated Reflector Rod, Model Reflected on All Sides 


(note scale difference) 
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Figure 4.1-3 
keff as a Function of Triangular Pitch  


for Infinite Array of Water Moderated Shippingport Reflector Rods
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Figure 5.2-1 
MCNP4B2 


Keff vs. U-235 Enrichment for Critical Experiments 


Keff vs. U-235 Enrichment
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Figure 5.2-2 
MCNP4B2 


Keff vs. EALF for Critical Experiments 


Keff vs. Energy of Average Neutron Lethargy Causing Fission
Many Fuel Types
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Figure 5.3-1 
MCNP4C — TRIGA Cases 


Keff vs. U-235 Enrichment for Critical Experiments 


keff vs. U-235 Weight Percent
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Figure 5.3-2 
MCNP4C — TRIGA Cases 


Keff vs. EALF for Critical Experiments 


keff vs. Energy of Average Neutron Lethargy Causing Fission (EALF)
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Figure 5.3-3 
MCNP4C — TRIGA Cases 


Keff vs. AFGE for Critical Experiments 


keff vs. Average Fission Group Energy (AFGE)
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Figure 5.3-4 
MCNP4C — TRIGA Cases 


Keff vs. Moderator / Fuel Volume Ratio for Critical Experiments  


keff vs. Moderator / Fuel Volume Ratio
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Figure 5.3-5 
MCNP4C — Peach Bottom Cases 


Keff vs. U-235 Enrichment for Critical Experiments 


keff vs. U-235 Weight Percent
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Figure 5.3-6 
MCNP4C — Peach Bottom Cases 


Keff vs. EALF for Critical Experiments 


keff vs. Energy of Average Neutron Lethargy Causing Fission (EALF)
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Figure 5.3-7 
MCNP4C — Peach Bottom Cases 


Keff vs. AFGE for Critical Experiments 


keff vs. Average Fission Group Energy (AFGE)
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Figure 5.3-8 
MCNP4C — Peach Bottom Cases 


Keff vs. Moderator / Fuel Volume Ratio for Critical Experiments 


keff vs. Moderator / Fuel Volume Ratio
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5.0 OPERATION SYSTEMS 


This chapter summarizes the Idaho Spent Fuel (ISF) Facility operations. Section 5.1 provides a summary 
of the operations associated with the receipt, handling, and storage of the spent nuclear fuel (SNF) at the 
ISF Facility. The systems directly relied on to perform these operations are described in Section 5.2. 
Other operating systems for the remainder of the facility are discussed in Section 5.3. Instrumentation and 
control features associated with operation control, monitors, and alarms are summarized in Section 5.4. 
Section 5.5 discusses how control areas are designed to permit occupancy, and the actions to be taken to 
operate the installation safely under normal and off-normal conditions. Section 5.6 discusses the 
analytical sampling methods available to verify that facility operation is in accordance with design. The 
operation systems provide safe control of fuel handling and storage systems, in accordance with 10 Code 
of Federal Regulations (CFR) 72.122(j) (Ref. 5-1). 


Fuel receipt, handling, and storage at the ISF Facility are subject to the requirements of the ISF license 
issued in accordance with 10 CFR 72. 


5.1 OPERATION DESCRIPTION 


This section provides an overview of operations associated with the receipt, handling, and storage of the 
SNF at the ISF Facility. Figure 5.1-1 illustrates the general arrangement of the ISF facility areas and 
equipment. Figures are provided to facilitate understanding of the process. Facility activities involving 
SNF fall into one of four “modes” defined in the Technical Specifications (TS): receipt operations, 
loading operations, canister handling, and storage operations. 


Receipt operations begin when the SNF is received at the ISF Facility and include movement of the 
Transfer Cask into the Cask Receipt Area; offloading the cask onto the cask trolley, installation of the 
cask adapter remote release lid restraint, moving the cask through the outer tunnel door into the Cask 
Decontamination Zone, venting and sampling the Transfer Cask atmosphere, and removal of the Transfer 
Cask lid bolts. The Transfer Cask is then moved below the FPA cask port and the cask port inflatable seal 
is inflated. Receipt operations end, and loading operations begin, when the cask adapter’s first remote 
release lid restrain is disengaged. 


Loading operations begin when the first remote lid restraint of the cask adapter is disengaged. Loading 
activities include activities to remove, inventory, inspect, and repackage the fuel into ISF baskets; 
transferring the loaded ISF basket into the ISF canister in the canister trolley; and moving the loaded ISF 
canister to the Canister Closure Area (CCA). Loading operations continue in the CCA with the welding of 
the ISF canister lid, non-destructive examination (NDE) of the weld, vacuum drying and inerting the ISF 
canister, and leak rate testing. Loading operations end and canister handling begins after the ISF canister 
has met TS limits. 


Canister handling includes moving the sealed ISF canister through the Transfer Tunnel to the Storage 
Area; transferring of the canister from the canister trolley to the canister handling machine (CHM); 
placing the ISF canister into the storage tubes; closing, and inerting the storage tubes; and leak rate 
testing. Canister handling ends, and storage operations begin, when the storage tube has met TS limits. 


Storage operations include the periodic surveillances required by TS. The facility license does not contain 
provisions for transfer of fuel offsite or termination of storage operations. 
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At any one time, ISF operations can involve any combination of the four TS-defined modes. A more 
detailed description of the activities associated with each of these four modes is provided in Section 5.1.1. 


The ISF Facility functions to confine the radioactive material and prevent the release of radioactive 
particulate to the environment above radiological limits prescribed in Chapter 7. Radioactive material at 
the ISF Facility is confined by physical barriers and ventilation system design features. Physical barriers 
such as containers (e.g., canisters and casks), pipes, walls, floors, ceilings, windows, doors, and seals 
prevent the spread of radioactive material. In addition, the ventilation system ensures that air flows from 
areas of low potential contamination to areas of higher potential contamination and finally to areas of 
likely contamination. Chapter 4 provides additional information on confinement boundaries. For the SNF, 
the ISF canister provides the first level of confinement and the storage tube provides the second level of 
confinement during storage. 


5.1.1 Narrative Description 


SNF receipt, loading, handling, and storage operations at the ISF Facility are described in this section 
based on the four operational modes outlined in Section 5.1. Flowsheets showing major activities are 
provided as Figures 5.1-22 through 5.1-28. 


5.1.1.1 Receipt Operations 


This section describes the methods and general sequence for the following receipt operations: 


• acceptance of SNF shipment 


• receipt of Transfer Cask 


• movement of Transfer Cask into Cask Decontamination Zone 


• movement of Transfer Cask to FPA 


The following sub-sections provide an overview of the operations listed above. The process is illustrated 
in Figure 5.1-2 and Figure 5.1-3. 


5.1.1.1.1 Acceptance of SNF Shipment 


Before a shipment of SNF is accepted, shipping papers are reviewed to verify that: (1) the Transfer Cask 
contains only one type of SNF (i.e., Peach Bottom, TRIGA, or Shippingport), and (2) the SNF to be 
received is of the same type as may be present in the FPA. This shipping paper review ensures that only 
one type of SNF will be present in the FPA at any one time, to meet TS SNF limits and fuel handling 
program limits. Before accepting the first shipment of a given type of SNF, the review also ensures the 
FPA has been configured to handle the type of SNF to be received. 


Security inspections are conducted before allowing the Transfer Cask and transporter on site. 
Radiological receipt surveys may either be conducted prior to site entry or after arrival in the Cask 
Receipt Area. When the inspection and survey activities are complete, the SNF shipment is accepted, and 
the Transfer Cask is moved to the Cask Receipt Area. 
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5.1.1.1.2 Receipt of Transfer Cask 


The transporter is backed into the Cask Receipt Area. With the Transfer Cask positioned under the cask 
receipt auxiliary crane, the Transfer Cask restraints and impact limiters (if used) are removed. Next, the 
Transfer Cask is secured to the cask receipt crane and the cask receipt crane is used to upend and lift the 
Transfer Cask clear of the transporter, and the transporter is removed from the Cask Receipt Area to allow 
access for the cask trolley. The maximum lift height will be administratively controlled to ensure the cask 
is lifted only high enough to safely clear the transporter and cask trolley. 


The cask trolley is positioned under the Transfer Cask, and the Transfer Cask is lowered into it. The cask 
restraint is secured and the cask receipt crane is detached from the load. 


The cask receipt auxiliary crane is used to attach the cask adapter (that incorporates remote-release lid 
restraints, hold-down features, and a sealing surface for the cask trolley inflatable seal) to the Transfer 
Cask. The remote-release lid restraints hold the Transfer Cask lid in position after it is unbolted and 
facilitate removal of the lid with the fuel handling machine (FHM) in the FPA. The hold-down features 
secure the Transfer Cask to the cask trolley. The cask adapter sealing surface mates with the cask port 
inflatable seal and establishes a confinement boundary when the SNF is transferred into the FPA. 


Next, the cask lid lifting attachment is secured to the Transfer Cask for subsequent removal of the 
Transfer Cask lid using the FHM. The cask lid lifting attachment is classified ITS since it is part of the 
load path for lifting the Transfer Cask lid. 


5.1.1.1.3 Movement of Transfer Cask into Cask Decontamination Zone 


Since the cask trolley and canister trolley run on common rails, the canister trolley position is verified 
before moving the cask trolley to the Cask Decontamination Zone. 


Operations will verify that the inner tunnel door is closed and Health Physics will verify the radiological 
conditions to allow opening of the outer tunnel door. HVAC will be shifted to allow for equilization of 
pressure and the outer tunnel door is then opened. The cask trolley is moved to the Cask Decontamination 
Zone, the outer tunnel door is closed and HVAC restored to normal differential pressure requirements. 
The ventilation system must be operating properly before the Transfer Cask atmosphere is vented, 
monitored, and sampled and the Transfer Cask lid bolts are removed. This ensures that potential airborne 
contaminants are confined, personnel are protected against radiation, and TS requirements are met before 
loading operations begin. With the cask in the Cask Decontamination Zone the cask atmosphere is 
sampled and checked against cask acceptance criteria (50 percent of the lower explosive limit) for the 
presence of flammable gases (flammable atmosphere). If acceptable, the cask lid bolts are removed in 
preparation for unloading the fuel in the FPA. If explosive gas concentrations are above the acceptance 
criteria, purging of the cask interior will continue until the acceptance criteria is met. 


5.1.1.1.4 Movement of the Transfer Cask to FPA 


Figure 5.1-4 shows the operations for moving the SNF to the FPA. After the Transfer Cask lid bolts are 
unbolted and removed, the inner tunnel door is opened, the cask trolley is moved into the transfer tunnel, 
and the inner tunnel door is closed. The cask trolley is positioned under the FPA cask port, and the cask 
trolley seismic locking pin is engaged to ensure seismic stability during subsequent SNF transfer. 
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The cask port inflatable seal is then inflated to include the Transfer Cask as part of the FPA confinement 
boundary. With the cask port seal verified inflated, the FHM is used to remove the cask port plug. 


The power manipulator system (PMS) is used to release the Transfer Cask remote release lid restraints so 
the FHM hoist can remove the Transfer Cask lid. Receipt operations end when the first remote lid 
restraint of the cask adapter is disengaged and loading operations begin. 


5.1.1.2 Loading Operations 


This section provides the methods and general sequence for the following loading operations: 


• removal of Transfer Cask lid 


• preparations for performing fuel packaging activities 


• fuel-specific packaging activities for each type of SNF 


• movement of ISF canisters/baskets between FPA and CCA 


• ISF canister lid closure weld 


• ISF canister vacuum dry, inert, and leak check 


5.1.1.2.1 Transfer Cask Lid Removal 


Loading operations begin when the first remote release lid restraint of the cask adapter is disengaged. The 
remaining three lid restraints are disengaged to allow removal of the Transfer Cask lid. The FHM hoist is 
used to remove the Transfer Cask lid. As discussed in Section 5.1.1.2.2 below, the FPA has already been 
prepared for the specific fuel type to be repackaged. Sections 5.1.1.2.3 through 5.1.1.2.9 discuss the 
remaining activities performed during loading operations. 


5.1.1.2.2 Preparations for Performing Fuel Packaging Activities 


Before performing SNF fuel packaging activities for any type of SNF, the FPA is configured to receive, 
handle, and temporarily store that type of fuel. FPA configuration activities include installing bench 
containment vessel (BCV) adapter sleeves and inserts, placing covers over unused BCVs, prestaging 
appropriate ISF baskets in fuel loading stations, and staging appropriate lifting devices and ancillary 
equipment that will be required for the type of SNF. The proper FPA configuration is verified before 
receiving SNF, in accordance with TS Fuel Handling Program requirements. 


Figures 5.1-5 through 5.1-12 provide plan and cross-sectional views of the FPA arrangement for the 
respective fuel types. 


5.1.1.2.3 Peach Bottom 1 Fuel Specific Packaging Activities 


Background Information 


The Peach Bottom 1 fuel elements are contained in fuel cans. Although all Peach Bottom 1 fuel is canned, 
the elements are contained in one of four different container arrangements: 


• Peach Bottom 1 intact fuel elements in aluminum cans 


• Peach Bottom 1 failed fuel elements with attached removal tools in aluminum cans 
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• Peach Bottom 1 failed fuel elements with attached removal tools in aluminum cans overpacked 
into aluminum salvage cans 


• Peach Bottom 1 partial fuel elements in stainless steel overpacks 


These fuel cans, in turn, are contained in aluminum or stainless steel fuel baskets. Once the fuel cans and 
overpacks are removed, some of the fuel baskets will be returned in the Transfer Cask for future use. The 
fuel cans, salvage cans, and overpacks will not be returned for reuse, but will be processed as radioactive 
solid waste. 


An ISF canister will contain ten intact fuel elements or seven failed fuel elements. 


Normal Operations 


Before initiating packaging activities associated with the Peach Bottom 1 fuel, the appropriate FPA 
configuration (Figure 5.1-5 and Figure 5.1-6) is established, and a DOE fuel basket containing Peach 
Bottom 1 fuel has been placed in the fuel basket operations and monitoring station. 


If present, the DOE fuel basket lid is unbolted, removed, and placed in the DOE fuel basket lid park 
station. Using the FHM, a fuel can is removed from the fuel basket, checked against the manifest and 
placed in the decanning machine. If the fuel can is a salvage can, two cutting operations are conducted. 
The first cut removes the salvage can lid and expose the inner fuel can. The second removes the inner fuel 
can lid and exposes the top of the fuel element. If the fuel can is not a salvage can, only the second cut is 
required. 


Once the fuel can lid(s) is (are) removed, the FHM is used to lift the intact fuel element (or damaged fuel 
element with attached lifting tool) from the can for inspection and recording of fuel element identification 
information. 


• If the fuel element is broken (as evidenced by visual inspection or FHM load cell underweight), it 
is reinserted into the fuel can and the fuel can is transferred to the worktable. Handling of broken 
fuel elements is addressed in Section 5.1.1.6.7, Worktable Operations – Broken Fuel Element in 
Fuel Can. 


• If the fuel element is stuck in the can (as evidenced by FHM load cell overweight), or the can 
sleeve is stuck to the fuel element, the fuel can is also transferred to the worktable. Packaging of 
these fuel elements is addressed in Section 5.1.1.6.6, Worktable Operations – Stuck Fuel Element 
in Fuel Can, or Can Sleeve Stuck to Fuel Element. 


• If the fuel element is intact, it is loaded into the ISF fuel basket in a fuel loading station 
(e.g., Station 1 or 2) configured to receive intact fuel. If the fuel element is a damaged element 
with attached removal tool, it is loaded into the ISF attached removal tool (ART) basket. The 
empty fuel can or salvage can is removed from the decanning machine and placed in the 
designated waste station. 
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This process is repeated until the ISF baskets or the designated waste stations are full, or the DOE fuel 
basket is empty. 


• If the DOE fuel basket is empty, the fuel basket lid and bolts are replaced and the empty fuel 
basket is moved to the designated waste station (for return). Another DOE fuel basket is received 
and placed in the fuel basket operations and monitoring station, the empty DOE fuel basket is 
moved to the Transfer Cask for return (if required), and loading operations are resumed. 


• If the ISF fuel basket or ISF ART basket is full, the full ISF basket is placed in the ISF canister 
and moved to the CCA for welding, vacuum drying, inerting, and leak checking operations. 
Before moving the ISF basket from the fuel loading station, the basket lid is replaced and locked 
in place. The locking lid secures the fuel in the ISF basket and supports the ISF canister shield 
plug. 


• If the designated waste stations are full, preparations are made to monitor, decontaminate, or 
section the waste before transfer from the FPA to the Solid Waste Processing Area (SWPA). 
Waste monitoring and decontamination operations conducted in the FPA are discussed in 
Section 5.1.1.5.2, Primary Waste Monitoring, Decontamination, Size Reduction in FPA. 


5.1.1.2.4 Peach Bottom 2 Fuel Specific Packaging Activities 


Background Information 


The Peach Bottom 2 fuel elements have 18 inches of the top reflector and the fuel element lifting fixture 
removed. A grid was used by DOE during the initial loading of the Peach Bottom 2 fuel elements. Once 
loaded, the grid was removed, leaving the fuel elements free to move within the canister. The DOE 
canister containing the loose fuel elements will not ordinarily be returned, but will be processed as 
radioactive solid waste. Use of the decanning machine is not required for Peach Bottom 2 fuel, as the fuel 
elements are not contained in individual fuel cans. An ISF canister will contain ten intact elements or 
seven failed fuel elements. 


Normal Operations 


Before packaging activities begin for the Peach Bottom 2 fuel, the appropriate FPA configuration 
(Figure 5.1-7 and Figure 5.1-8) is established, and a DOE fuel canister containing Peach Bottom 2 fuel 
has been placed in the fuel basket operations and monitoring station. 


The DOE fuel canister lid plunger clamps are released, and the fuel canister lid is removed and placed in 
the DOE fuel basket lid park station. The master/slave manipulators (MSMs) or PMS are used to isolate 
one fuel element so the FHM can grapple and lift the isolated fuel element from the canister. The fuel 
element is visually inspected and pertinent fuel identification information is recorded. 


• If the fuel element is not broken, it is loaded into the ISF fuel basket in the fuel loading station. 


• If the fuel element is broken (as evidenced by visual inspection or FHM load cell underweight), it 
is moved to the worktable. Packaging of broken fuel elements is addressed in Section 5.1.1.6.8, 
Worktable Operations – Broken Fuel Element. 


This process is repeated until the ISF fuel baskets are full, or the designated waste stations are full, or the 
DOE fuel canister is empty. 
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• If the ISF basket is full, the full ISF basket is placed in the ISF canister and moved to the CCA for 
welding, vacuum drying, inerting, and leak checking operations. Before the ISF basket is moved 
from the fuel loading station, the basket lid is replaced and locked in place. 


• If the DOE fuel canister is empty, preparations are made to monitor, decontaminate, or section the 
canister before transfer from the FPA to the SWPA. Waste monitoring and decontamination 
operations conducted in the FPA are discussed in Section 5.1.1.5.2, Primary Waste Monitoring, 
Decontamination, Size Reduction in FPA. 


5.1.1.2.5 TRIGA Fuel Specific Packaging Activities 


Background Information 


The following describes the packaging arrangement for TRIGA fuel to be received. Section 4.7.1.2.4 of 
Appendix A to the SAR, Safety Evaluation of the Transfer Cask, provides a more complete description of 
the ISF Facility receipt arrangement of TRIGA fuel. 


The TRIGA fuel elements received at the ISF Facility are either aluminum or stainless steel clad. Up to 
five individual TRIGA fuel elements may be contained in a five position standard TRIGA fuel can (refer 
to Appendix A, Figure A-38). Up to six of these five position standard TRIGA fuel cans can be placed in 
a TRIGA fuel bucket (refer to Appendix A, Figure A-31). Neither the five position standard TRIGA fuel 
cans nor the TRIGA fuel buckets have lids. The TRIGA fuel buckets will be placed in three tiers in the 
DOE fuel canister (Appendix A, Figures A-27 and A-28). A canister gap plug (Appendix A, Figure A-39) 
is placed on the top of the upper TRIGA fuel bucket and the DOE fuel canister lid installed. The DOE 
fuel canister is placed inside an Overpack. The Transfer Cask employs a liner for the TRIGA transfers to 
limit radial movement during transfer. Appendix A, Figure A-4 provides an overview of the TRIGA 
transfer packaging arrangement. Once the fuel elements are removed from the DOE canister, the fuel 
cans, TRIGA fuel buckets, and canister gap plug are normally returned for reuse, but may be processed as 
radioactive solid waste. 


An ISF canister will contain two loaded TRIGA baskets (one on top of the other). 


Normal Operations 


Before packaging activities for the TRIGA fuel begin, the appropriate FPA configuration (Figure 5.1-9 
and Figure 5.1-10) is established and the Transfer Cask lid is removed as discussed in Section 5.1.1.2.1. 
The Overpack lid, DOE fuel canister lid, and canister gap plug are removed in sequence and placed inside 
the FPA for later return. With these components removed, access to the TRIGA fuel buckets is now 
available. The TRIGA fuel buckets are removed one tier at a time (each bucket contains up to 30 TRIGA 
fuel elements) and are placed either in a fuel loading station bench vessel or the fuel bucket operations 
station (refer to Figure 5.1-9 or 5.1-10).  


The FHM is used to lift a fuel element from the open-ended fuel can for inspection, and recording of 
pertinent fuel identification information. The fuel element is then placed in the ISF TRIGA basket. This 
process is repeated until both ISF baskets are full, the TRIGA fuel bucket is empty, or the designated 
waste stations are full. 
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• If both ISF baskets are full, the ISF basket locking lids are placed onto the basket and are locked 
in place, and the baskets are loaded into an ISF canister similar to the process for Peach Bottom 1 
fuel. 


• If the TRIGA fuel bucket is empty, the empty bucket and fuel cans are moved from the fuel 
bucket operations station to the TRIGA fuel bucket storage rack, and another TRIGA bucket is 
moved to the fuel bucket operations station. 


Waste monitoring and decontamination operations conducted in the FPA are discussed in 
Section 5.1.1.5.2, Primary Waste Monitoring, Decontamination, Size Reduction in FPA. 


5.1.1.2.6 Shippingport Fuel Specific Packaging Activities 


Background Information 


Three configurations of Shippingport fuel will be received – loose reflector rods, reflector type IV 
modules, and reflector type V modules. All three types will be received in Shippingport stainless steel 
liners with a bolted closure head. The loose reflector rods are contained in a tube bundle of welded 
stainless tubes inside a liner. Each reflector module is positioned in a liner with internal supports, spacers, 
and guides. 


The ISF canister and fuel loading activities are different for each of the types of Shippingport fuel. 
Type IV and V reflector modules are placed in an individual ISF canister with an integral internal basket. 
Since the ISF canister is held in the canister trolley cask, the type IV and V modules will be directly 
loaded into the ISF canister positioned under the FPA canister port. 


The number of loose reflector rods to be packaged will fit into one ISF canister. The loose reflector rods 
will be placed in an ISF basket in the FPA, which will then be loaded into the ISF canister using the same 
process as Peach Bottom and TRIGA fuel. Once the loose reflector rods or reflector modules are 
removed, the Shippingport liners, internals, and tube bundle will be processed as radioactive solid waste. 


Normal Operations 


Before packaging activities for the Shippingport fuel begin, the appropriate FPA configuration (Figure 
5.1-11 and Figure 5.1-12) is established, and a Shippingport liner is placed in the fuel basket operations 
and monitoring station. If Shippingport loose rods are to be packaged, an ISF basket is positioned in the 
designated fuel loading station. 


The Shippingport liner closure head is unbolted, removed, and placed in the DOE fuel basket lid park 
station. 


• If a type IV or V module is contained in the liner, the ISF canister trolley is positioned at the 
canister port, the seismic locking pin engaged, the inflatable seal inflated, the canister port plug 
removed, and the ISF canister shield plug removed. Using the FHM, the type IV or V module is 
removed from the Shippingport liner, visually inspected, and pertinent fuel identification 
information is recorded. The reflector module will then be placed in the ISF canister, the shield 
plug installed, and the canister moved to the CCA for closure activities following standard 
protocols. The Shippingport liner and internals will then be monitored, decontaminated, or 
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sectioned before transfer from the FPA to the SWPA as discussed in Section 5.1.1.5.2, Primary 
Waste Monitoring, Decontamination, Size Reduction in FPA. 


• If loose reflector rods are contained in a liner, each loose rod is removed, inspected, inventoried, 
and placed in the ISF basket. When all loose rods are removed from the tube bundle, the basket 
lid is replaced and locked, and the ISF basket placed in the ISF canister. The shield plug is 
installed and the canister moved to the CCA for closure activities following standard protocols. 
The Shippingport liner and tube bundle will be processed as waste. 


5.1.1.2.7 Movement of ISF Canisters/Baskets Between FPA and CCA 


The canister trolley is used to transfer empty ISF baskets and canisters from the CCA to the FPA and to 
transfer full ISF baskets and canisters from the FPA to the CCA for welding, vacuum drying, inerting, 
and leak checking operations. 


Before moving the canister trolley from the CCA to the FPA canister port, the cask trolley position is 
verified. The canister trolley is moved to position under the FPA canister port, and the seismic locking pin 
is engaged to ensure seismic stability during subsequent SNF transfer. The canister cask is raised to a 
position just below the canister port. The canister port seal is inflated to include the canister cask as part 
of the FPA confinement boundary when the canister port is opened. Once the canister port seal is verified 
to be inflated, the FHM is used to remove the canister port plug. 


The ISF canister shield plug is removed from the top of the basket in the empty ISF canister and parked in 
its designated position. The empty ISF basket is then moved to the ISF basket receipt station. The loaded 
ISF basket is moved from the fuel loading station into the empty ISF canister, and the ISF canister shield 
plug is installed. The canister shield plug and canister trolley cask provide personnel radiation shielding 
during subsequent canister transfer and closure activities. 


The canister port plug is then replaced. With the canister port plug in position, the inflatable seal and 
canister trolley cask no longer form part of the FPA confinement boundary. The canister port seal is then 
deflated, the canister cask is lowered to the full down position, and the seismic locking pin is retracted. 


The canister trolley is moved to the CCA port. Once positioned under the CCA port, the canister trolley 
seismic locking pin is again engaged to ensure seismic stability during canister closure activities, and the 
canister cask is raised to a position just below the CCA port. Before opening the CCA port, the new 
canister port is verified closed. The CCA port cover plate is then removed and the canister cask is raised 
through the CCA port. 


5.1.1.2.8 Perform ISF Canister Lid Closure Weld 


Welding is performed by raising the loaded canister into the CCA after loading operations in the FPA are 
complete. After the canister cask is raised into the CCA, flammable gas monitoring is performed to verify 
safety before welding operations. The layout of the canister welding, vacuum drying and inert system is 
shown in Figure 5.1-13. Figure 5.1-14 outlines the sequence for setting up to weld the canister lid. 


To access the ISF canister for canister lid placement and closure, both the ISF basket funnel and shield 
ring must be removed. The ISF canister shield plug and canister collets provide personnel shielding. To 
minimize personnel dose, the canister lid main closure weld fixture and the canister connection tool are 
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attached to the ISF canister lid before placement of the lid on the ISF canister. The connection tool fit is 
also leak tested before lid placement. 


The canister lid is positioned, the canister weld area decontaminated as necessary, and the lid welding 
head is connected to the lid welding fixture. The canister lid closure weld is automatically performed 
under remote operator supervision. 


After the main lid closure weld is complete, NDE of the closure weld is performed. If the NDE results are 
not acceptable, the faulty weld is repaired as necessary and NDE is repeated. If the weld cannot be 
satisfactorily repaired, the canister will be returned to the FPA where the fuel will be removed and loaded 
into another canister, as addressed in Section 5.1.1.6.3, Faulty Canister Replacement (Unload). 


5.1.1.2.9 Canister Vacuum Dry, Inert, and Leak Check 


After the lid closure weld NDE is completed, the vacuum dry and helium fill system equipment is 
connected to the canister connection tool. Figure 5.1-15 provides sequence for vacuum dry, inert and leak 
check. The canister connection tool provides the ability to perform each of the following: 


• vacuum dry system dries the fuel to acceptable moisture levels 


• helium fill system provides an inert atmosphere to protect fuel and canister integrity during 
storage 


• pressure transducers and a thermocouple measure canister pressure and gas temperature to 
facilitate and document the drying operations and the required helium overpressure 


• canister vent plug and seal are reinserted while maintaining required helium overpressure before 
vent plug seal welding 


Vacuum Dry 


Each loaded ISF canister is dried under a vacuum and helium backfilled twice to ensure adequate removal 
of moisture and oxidizing gases and replacement with helium of proper purity levels. No time limitations 
are imposed on vacuum drying operations because there are no adverse conditions created for the fuel 
while in the vacuum drying process. 


In the initial vacuum cycle, the canister pressure is slowly reduced to less than 1 torr and monitored for at 
least 2 hours. The maximum acceptable pressure rise is 10 torr per hour. This test verifies adequate 
moisture removal. Heaters provide the ability to maintain the canister at 90°F + 10°F to aid in the removal 
of moisture. If the test fails, the canister shall be purged with helium and checks shall be performed to 
verify fittings, connections and other mechanical components. The process of vacuum drying may be 
restarted using a stepped approach or slow rate of decrease to ensure effective vacuum drying. 


Helium Purge and Backfill 


Following satisfactory vacuum dryness test, the canister is backfilled to slightly above atmospheric 
pressure and the canister is then pulled to 1 torr vacuum. After reaching 1 torr the canister is backfilled 
with helium to 20 psia + 1 psi. The vent plug is inserted and the canister tool is removed. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 5.1-11 


 


  


Leak Check the Lid Closure Weld 


The lid closure weld is leak checked following required NDE, vacuum drying and helium backfill 
processes. The leak check will be performed using the helium probe leak test equipment. 


If a leak on the canister lid is found that exceeds TS limits the weld is inspected for damage. 


• If the lid weld is damaged the weld shall be repaired and NDE performed. The leak test shall be 
repeated. 


• If the weld cannot be repaired the canister lid weld will be cut and the canister will be moved to 
the FPA for unload of fuel. 


If no detectable leak is found, the vent plug is sealed and leak tested. 


Leak Check the Vent Plug Seal 


The leak check of the vent plug is conducted using the helium probe leak test equipment. 


• If a detectable leak is found that exceeds TS limits, the vent socket is inspected for damage. 


• If the vent socket is damaged, repair the vent socket or prepare to move the ISF canister to the 
FPA to offload the fuel and place it in a new canister in accordance with Section 5.1.1.6.3, Faulty 
Canister Replacement. 


• If the vent socket is not damaged, the canister connection tool is reconnected and leak tested, the 
vent plug is replaced, the connection tool is removed, and the leak check is repeated. 


If no detectable leak is found or the detectable leak rate is within TS limits, the vent plug is seal welded. 


Vent Plug Seal Weld 


The vent plug seal welding head is positioned on the socket, the plug seal weld is completed, the plug 
welding head is removed, and NDE of the seal weld is performed. 


• If the NDE results are not acceptable, repair the faulty weld as necessary and repeat the NDE. 


• If the weld cannot be satisfactorily repaired, prepare to move the ISF canister to the FPA to 
unload the fuel and place into a new canister, in accordance with Section 5.1.1.6.3, Faulty 
Canister Replacement. 


• If the NDE results are acceptable, the vent plug seal weld leak check is performed. 


Once the canister lid closure weld, the vent plug seal, and the vent plug seal weld meet TS limits, loading 
operations mode ends, and canister handling mode activities begin. 
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5.1.1.3 Canister Handling 


Canister handling mode includes activities associated with the movement and placement of a sealed ISF 
canister into a sealed storage tube in the SA. Once the TS limits are met, the ISF canister is prepared for 
movement to the Storage Area. Canister handling activities include: 


• movement of ISF Canister to SA 


• transfer of ISF canister from the canister trolley to CHM 


• movement of ISF canister to storage tube 


• removal of storage tube plug, placement of ISF canister in storage tube, and replacement of 
storage tube plug 


• purge and inert storage tube 


5.1.1.3.1 Movement of ISF Canister to SA 


As shown in Figure 5.1-15, the shield ring and canister funnel are installed on top of the ISF canister cask 
and the CCA port cover plate is placed on top. This provides temporary personnel shielding between the 
opening of the canister collets and the lowering of the canister cask into the transfer tunnel. The shield 
ring also retains the canister funnel in position, which provides a smooth surface to facilitate movement of 
the ISF canister out of the canister cask. Although the port cover plate provides some shielding, its 
primary purpose is to seat in the CCA port to minimize airflow between the transfer tunnel and the CCA 
when the canister cask is lowered into the tunnel. 


The canister collets are then opened. This releases the ISF canister to allow it to be removed from the 
canister cask. The canister cask is then lowered to the full down position. 


Before the canister trolley is moved to the Storage Area, the position of the cask trolley is verified. The 
canister trolley seismic locking pin is retracted, the canister trolley is moved to a position below storage 
area load/unload port, and the seismic locking pin again engaged to ensure seismic stability during 
subsequent SNF transfer. 


5.1.1.3.2 Transfer of ISF Canister from the Canister Trolley to CHM 


Background Information (CHM) 
The CHM is a bridge-and-trolley crane with a rigidly mounted Transfer Cask that provides shielding and 
seismic restraint during canister loading into the storage tubes. 


The CHM is used to place the ISF canister in the storage tube. The CHM removes the Storage Area 
load/unload port plug, removes the ISF canister from the canister trolley, replaces the load/unload port 
plug, transports the canister to a designated storage tube, removes the storage tube plug, places the 
canister in the storage tube, and replaces the storage tube plug. 


Before an ISF canister is placed in the designated storage tube, manual operator preparations are required 
to prepare the storage tube. These include removing the storage tube charge face cover plate and storage 
tube lid to expose the storage tube plug. A storage tube guide ring and tube plug lifting pintle are then 
installed. The lifting pintle provides a fixture for the CHM tube plug hoist to remove the tube plug from 
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the storage tube. The guide ring facilitates placement of the ISF canister in the storage tube, and protects 
the storage tube lid sealing surface. 


Sequence of Operation 


The CHM is set to the canister mode to select the correct canister hoist seating zones and interlocks. The 
turret is placed in the navigation position, positioned over the storage area load/unload port, the bridge 
and trolley seismic clamps applied, and the shield skirt lowered. An umbilical cable is manually 
connected to the CHM to allow the control system to recognize that the canister trolley position is correct 
and canister trolley seismic locking pin is engaged. When this interlock is met, the turret is rotated and 
locked into the tube hoist position and the tube plug hoist is used to retract the storage area load/unload 
port plug into the CHM tube plug cavity. 


The turret is then rotated and locked into the canister hoist position and the canister hoist is used to 
remove the ISF canister from the canister trolley and retract it into the CHM canister hoist cavity. The 
turret is again rotated and locked into the tube hoist position and the storage area load/unload port plug is 
replaced. 


5.1.1.3.3 Movement of ISF Canister to Storage Tube 
With the ISF canister fully retracted into the canister hoist cavity, (1) the umbilical cable is disconnected 
from the CHM, (2) the turret is rotated and locked into the navigation position, (3) the shield skirt is 
raised, and (4) the bridge and trolley seismic clamps are released. The CHM is then moved into position 
over the designated storage tube, the bridge and trolley seismic clamps applied, the shield skirt lowered, 
and the turret rotated and locked into the tube plug hoist position. 


5.1.1.3.4 Removal of Storage Tube Plug, Placement of ISF Canister in Storage Tube, 
and Replacement of Storage Tube Plug 


The tube plug hoist is used to retract the storage tube plug into the CHM tube plug cavity. The turret is 
then rotated and locked into the canister hoist position, and the canister hoist is used to lower the ISF 
canister into the storage tube. The turret is again rotated and locked into the tube hoist position, and the 
tube plug hoist is used to lower the tube plug into the storage tube. The CHM turret is rotated to the 
navigation position, the shield skirt is raised, the bridge and trolley seismic clamps are released, and the 
CHM moved to a designated parking area. 


5.1.1.3.5 Purge and Inert Storage Tube 
To prepare to purge and inert the storage tube, the storage tube guide ring and tube plug lifting pintle are 
removed. The storage tube lid is positioned in the storage tube and bolted down, and the seal interspaces 
of the lid seal rings are pressurized with helium to check for leaks. The storage lid seal rings and the port 
cover plate seals are leak checked. 


• If seal leakage is greater than TS limits, the storage tube lid is adjusted, retensioned, and/or 
inspected for damage. The storage tube lid is repaired, adjusted, or replaced as necessary. 


• If seal leakage is less than TS limits, the port cover plate is removed to allow the helium charging 
tool to be fitted into the port in the center of the storage tube lid. 
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Background Information 


The storage tube purge and inert equipment is connected to the storage tube via a helium charging tool 
(Figure 5.1-16). Through this tool, the following events occur: 


• Vacuum system purges the storage tube to remove any residual moisture. 


• Helium fill system provides an inert atmosphere to protect the ISF canister integrity during 
storage. 


• A pressure transducer measures the storage tube evacuation and helium backfill pressures and 
documents these operations. 


Each loaded storage tube is purged and inerted twice. This ensures that the storage tube atmosphere 
contains sufficiently small concentrations of impurities to prevent oxidation and degradation of the 
storage tube and ISF canister. No time limits are imposed on storage tube evacuation and backfill 
operations due to reduced heat transfer. 


The vacuum system is used to reduce storage tube pressure to less than 1 torr, then backfilled with 
helium. The helium charging tool is removed, and the port cover plate is installed and bolted down. The 
leak detection equipment is then used to check the interseal leak rate on the port cover plate seal to TS 
limits. 


• If TS limits are not met on either test, adjustments are made, and seals repaired, or replaced as 
necessary and the interseal leak rate test is repeated. 


• If TS limits are met, storage operations begin, and canister handling ends. The charge face cover 
plate is then installed. 


5.1.1.4 Storage Operations 


Storage operations mode begins after the storage tube lid has been tensioned and the interseal leak rate 
has been verified acceptable. 


The spent fuel storage is a passive system. Outside air enters through fixed openings in the outside walls 
of the storage vault. The air (heated by the fuel) rises through fixed openings in the charge face floor and 
exits the upper level of the Storage Area through fixed louvers in the exterior walls. This natural 
convection does not require or depend upon any mechanical motive force for decay heat removal. Thus, 
only periodic surveillance is needed to ensure that there is no blockage of the air passages. Periodic 
surveillance requirements are defined in the TS. 


Storage tube lid interseal leak rates are periodically surveyed to verify storage tube integrity as specified 
in TS. A leak detection system will be used to demonstrate that a loaded storage tube in the Storage Area 
has an acceptably low leak rate. The leak detection system will pressurize the region between each set of 
storage tube seals with helium to a pressure slightly greater than that inside the storage tube. A decrease 
in pressure will indicate that the helium is leaking past the seals either into the storage tube or out to 
atmosphere. The use of helium as the test gas prevents contamination of the interior cover gas. If storage 
tube interseal leak rates exceed TS limits, replacement of the storage tube lid seals or re-tightening of the 
storage tube lid or port cover plate may be required. 
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The storage vault air inlets and outlets are also periodically surveyed to ensure that heat removal is 
maintained. Additionally the ports at the storage tube are verified clear. 


5.1.1.5 Ancillary Activities 


This section provides the methods and sequence for the following ancillary activities that are not 
considered loading operations: 


• return empty Transfer Cask  


• receipt and storage of new ISF canisters 


• preparation of new ISF canisters for fuel loading 


• primary waste monitoring, decontamination and size reduction in FPA 


5.1.1.5.1 Return Empty Transfer Cask  


Figure 5.1-4 provides an overview of activities for returning the Transfer Cask. If there is an empty DOE 
SNF basket in the FPA awaiting return, the Transfer Cask is visually verified empty. Then the empty SNF 
basket is placed in the Transfer Cask. The Transfer Cask lid is then replaced, the remote release lid 
restraints are engaged, and the FPA cask port plug installed. With the cask port plug in position, the 
inflatable seal and Transfer Cask no longer form part of the FPA confinement boundary. The cask port 
seal is then deflated, and the cask trolley seismic locking pin is retracted. Next, the inner tunnel door is 
opened, the cask trolley is moved to the Cask Decontamination Zone, and the inner tunnel door is closed. 


In the Cask Decontamination Zone, the Transfer Cask lid bolts are installed, and the cask is surveyed and 
decontaminated, as needed. HVAC will be shifted to allow for equalization of pressure and the outer 
tunnel door is opened. The cask trolley is moved to the Cask Receipt Area, the outer tunnel door is closed, 
and HVAC restored to normal differential pressure requirements. 


In the Cask Receipt Area, the cask adapter hold-down features are released, and the cask adapter and cask 
lid lifting attachment are removed from the Transfer Cask. The cask receipt crane is secured to the cask, 
the seismic restraint is released, and the cask is lifted from the cask trolley to a height sufficient to clear 
the transporter. The cask trolley is moved from under the cask, the transporter is moved into position, and 
the cask is lowered onto the transporter. The Transfer Cask is then detached from the cask receipt crane, 
the Transfer Cask shipping restraints and impact limiters (if provided) are secured, and the Transfer Cask 
is returned. 


5.1.1.5.2 Primary Waste Monitoring, Decontamination, Size Reduction in FPA 


Background 


Primary waste (i.e., DOE canisters and lids, Shippingport liners, internals, and closure heads, Peach 
Bottom 1 fuel and salvage cans, and TRIGA fuel cans and buckets) generated in the FPA is monitored 
before it is moved to the SWPA. A sodium iodide monitor is provided for this purpose. When not in use, 
this monitor is kept in the monitor calibration and park station presented in Figure 5.1-5 through 
Figure 5.1-12. 
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Waste Monitoring  


Before primary waste is transferred to the SWPA, the fuel basket operations and monitoring station is 
configured for waste monitoring. The shield cover is moved from its park station and assembled over the 
fuel basket operations and monitoring station (“monitoring station”). For the Peach Bottom cans, a 
monitor adapter sleeve is removed from its park station and fitted into the shield cover. The shield cover 
and monitor adapter sleeve assembly provides a shielded station to receive, support, and shield the 
various fuel cans, canisters, and liners during monitoring.  


After the waste is moved to the monitoring station, the monitor is removed from the its park station and 
an end stop is adjusted for the desired monitoring depth (dependent on fuel can, canister, or liner length). 
The monitor is then lowered into the shield cover and monitor adapter sleeve assembly until its shielding 
engages with the shield cover. This arrangement both shields and aligns the monitor. Readings are taken 
as it is lowered to the end stop position. Readings may also be taken as the monitor is withdrawn from the 
container.  


Decontamination, Size Reduction, and Packaging 


If dose readings are less than waste packaging limits (as defined in Chapter 6), the waste will be 
transferred to the SWPA through the canister waste port or the process waste port, as applicable. 


If dose readings are greater than waste packaging limits, dry decontamination will generally be conducted 
after the monitor is removed. Some difficult-to-decontaminate items, such as DOE canister lids and liner 
closure heads, may be placed directly into shielded drums for disposal.  


Decontamination is conducted either in the monitoring station or on the worktable, depending on the 
primary waste type. Decontamination in the monitoring station may also be performed using dry brushes 
or other decontamination tools manipulated by the PMS, MSMs, or FHM. Decontamination on the 
worktable will generally involve use of the down-ender and rotate machine (to position the containers), 
saw (to remove the container bottoms), and the rodding attachment (to decontaminate the container 
interior).  


After decontamination, remonitoring is conducted to determine the effectiveness of the decontamination 
effort. Based on these readings, additional decontamination and monitoring cycles may be performed, or 
the waste may be returned to the worktable for sectioning and placement into shielded drums for disposal.  


5.1.1.5.3 Receipt and Storage of New ISF Canisters/Baskets 


This section describes the receipt and storage of new ISF canisters and baskets (both 18-inch and 24-inch 
diameter). Figure 5.1-17 illustrates these activities. 


Upon receipt, new canisters and baskets are placed in protected storage and QA/QC inspected for 
conformance. The canisters are brought into the new canister receipt area for subsequent movement into 
the CCA. Since the new canister port must be opened to move canisters from the new canister receipt area 
into the CCA, the CCA port and outside doors of the new Canister Receipt Area are closed before 
opening the new canister port. This minimizes the air flow between the transfer tunnel, CCA, and new 
canister receipt area. 
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Using the CCA crane, the new canister port cover plate is removed. Next, the canister lid and shield plug 
are lifted into the CCA. A top plate, lifting ring, and bottom bucket are attached to the canister to provide 
a lifting point and support. The top plate protects the canister lid mating surface from damage. Using a 
coordinated movement of crane and fork lift truck, the canister is turned to the vertical position and lifted 
through the new canister port into the CCA. Once in the CCA, the canister is moved to a storage rack and 
secured. 


5.1.1.5.4 Preparation of New ISF Canisters for Fuel Loading 


New canisters must be prepared for fuel loading (see Figure 5.1-19 and Figure 5.1-20). Canister 
preparations include placing the ISF canister in a canister lifting cage, moving the canister and canister 
lifting cage into the canister cask, and preparation of canister for fuel loading. Since the canister has no 
external lifting points, the canister lifting cage is needed to place the canister in the canister cask. 


As new ISF canisters are needed, the canister cask trolley is positioned under the CCA port and the 
canister cask is raised to just below the CCA port cover plate. This minimizes airflow between the 
transfer tunnel and CCA when the CCA port cover plate is removed. The CCA port cover plate is 
removed and the canister cask is raised through the CCA port. 


The upper part of the canister cask is disassembled to allow removal of the empty canister lifting cage and 
replacement with a new canister and canister lifting cage. This disassembly entails removal of the canister 
funnel, shield ring, and canister collet assembly. The canister funnel provides personnel shielding and a 
surface to facilitate removal of a loaded ISF canister. The cask shield ring also provides radiological 
shielding. The collet assembly performs several functions: (1) it centers the canister in the canister cask, 
(2) reduces ovality of the canister (to facilitate subsequent weld operations), (3) retains the canister in the 
cask when the ISF basket and shield plug are removed, and (4) provides personnel radiological shielding 
when the canister is loaded with fuel. 


After these assemblies are removed, the empty canister lifting cage is removed, and a new ISF canister 
and canister lifting cage is placed in the canister cask (see Figure 5.1-19). The upper part of the canister 
cask is then assembled for subsequent loading of fuel into the ISF canister (see Figure 5.1-20). The 
canister collet assembly is replaced and the canister lid is checked for fit. The shield ring is replaced and a 
basket funnel is fitted. The basket funnel, similar to the canister funnel, provides a smooth surface to 
facilitate removal and replacement of ISF baskets, and also provides personnel shielding. The ISF basket 
and shield plug are individually moved in and out of the canister (exercised) to ensure proper clearance. 
Once these activities are complete, the canister trolley cask is lowered to just below the CCA port and the 
CCA port cover plate is replaced. The canister trolley cask is then completely lowered into the transfer 
tunnel. 


5.1.1.6 Non-Standard Operations 


The ISF Facility operating systems provide various methods and operational sequences for recovering 
from non-standard operational sequences. 


For each anticipated condition, a brief explanation of the recovery methods and corrective actions that 
may be required is provided in this section. 
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The recovery operations associated with the following off-normal events are described below: 


• FHM recovery 


• FPA shield doors recovery 


• faulty canister replacement (unload) 


• faulty tube plug replacement 


• movement of ISF canister from storage tube to new storage tube 


• worktable operations – stuck fuel element with fuel can or can sleeve stuck to fuel element 


• worktable operations – broken fuel element in fuel can 


• worktable operations – broken fuel element 


5.1.1.6.1 Fuel Handling Machine Recovery 


The FHM hoist, trolley, and bridge are designed to operate following the design earthquake (DE). In the 
event of a DE with a fuel element or other equipment engaged on the FHM hook, the seismic switch 
described in Section 4.3.2 will de-energize the FHM electrical power supply. The hoist, trolley, and 
bridge mechanical brakes will be applied. On a loss of power, the load will remain suspended from the 
hook until electrical power is restored and FHM operation is resumed. 


The FHM hoist, trolley, and bridge are designed to operate following the failure of any single component. 
With a single failure of a hoist component, the redundant hoist component will continue to operate until 
the load is positioned in a secure location and the FHM is repaired. With a single failure of a bridge or 
trolley component (including wheel or axle), the remaining drive motors are capable of moving the 
disabled bridge or trolley to a position where the load can be secured and the FHM moved to the FHM 
Maintenance Area for repairs. 


Although the PMS is not designed to operate following the failure of any single component, it is expected 
to retain some functionality. If a failure prevented the PMS from disengaging a load from the hook, the 
FHM would be positioned where the load could be disengaged using the MSMs, before traversing to the 
FHM Maintenance Area for repairs. If the PMS telescopic mast was not sufficiently retracted to pass 
through the doors to the FHM Maintenance Area, the MSMs could be used to dismantle sections of the 
PMS. 


5.1.1.6.2 Fuel Packaging Area Shield Doors Recovery 


If the FHM requires maintenance, it will be moved to the FHM Maintenance Area. Two shield doors 
(shown in Figure 4.7-18) provide radiological isolation between the FPA and the FHM Maintenance 
Area. If these doors fail to close, the following recovery actions will be performed: 


• If the upper shield door fails to close, recovery equipment is provided to manually jack the door 
closed from the roof of the Transfer Area. 


• If the lower shield door fails to close, recovery equipment is provided to manually engage the 
screw actuators and push the door closed from the workshop area. 
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5.1.1.6.3 Faulty Canister Replacement (Unload) 


If a loaded ISF canister is damaged, fails to meet weld closure or TS limits, or is contaminated on external 
surfaces greater than packaging limits, it may require repackaging the SNF and placing it in a new ISF 
canister. The procedure is essentially the reverse of the canister loading procedures, with modifications to 
add steps to dispose of the canister. 


The canister lid is removed with a rotary cutter or grinder, the cask shield ring and basket funnel are 
reinstalled, and the loaded ISF canister is lowered from the CCA into the Transfer Tunnel. The faulty 
canister is moved on the canister trolley back to the FPA, where the canister shield plug and loaded fuel 
basket are removed from the faulty canister. The loaded fuel basket is placed in a fuel loading station for 
transfer to a new ISF canister. The faulty canister can be disposed of as solid waste, sectioned, and size-
reduced as necessary for disposal. 


5.1.1.6.4 Faulty Tube Plug Replacement 


If the storage tube plug is damaged during placement, replacement may be required. Manual preparations 
are required before replacing the faulty tube plug. These include the removal of the storage tube charge 
face cover plate and storage tube lid, and the installation of a storage tube guide ring and tube plug lifting 
pintle. 


To replace a faulty tube plug, the CHM is operated in tube plug exchange mode, in which CHM 
interlocks and recognized seating zones are conditioned to allow the canister hoist to lift and retract a new 
tube plug into the canister cavity. 


The CHM is moved to the CHM maintenance hatch area where the canister hoist is used to lift and retract 
a new tube plug into the canister cavity. The CHM then transports the new tube plug to the designated 
storage tube. At the designated storage tube, the CHM tube plug hoist retracts the faulty tube plug into the 
tube plug cavity, and the canister hoist lowers the new tube plug into position. The CHM then transports 
the faulty tube plug to the CHM maintenance hatch where it is lowered for maintenance or disposal. 


5.1.1.6.5 Movement of ISF Canister from Storage Tube to New Storage Tube 


If a storage tube fails leak tests or otherwise is not acceptable, it may be necessary to move the canister to 
a new location. Manual preparations would be required before moving an ISF canister from one storage 
tube to another. These include removing the storage tube charge face cover plates and lids, and installing 
storage tube guide rings and tube plug lifting pintles. The sequence of CHM operations is almost identical 
to those used to place an ISF canister in a storage tube. 


Operating the CHM in the canister mode, the CHM is positioned over the designated storage tube. The 
tube plug hoist is used to retract the tube plug into the CHM tube plug cavity. The canister hoist is then 
used to retract the canister from the storage tube into the CHM canister cavity. The tube plug hoist 
replaces the tube plug into the storage tube, and the CHM transports the canister to another storage tube. 
At the new storage tube, the tube plug is removed, the ISF canister is placed in the storage tube, and the 
tube plug is replaced. 
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5.1.1.6.6 Worktable Operations - Stuck Fuel Element in Fuel Can, or Can Sleeve 
Stuck to Fuel Element 


Peach Bottom 1 fuel elements and fuel elements with attached removal tools are contained in aluminum 
fuel cans that have an internal steel baffle pipe. Potential non-standard conditions include: 


• Condition 1. When attempting to lift the fuel element from the can, the FHM load cell indicates 
the fuel element is stuck in the fuel can. 


• Condition 2. When removing the fuel element from the can, it is visually observed that the can 
sleeve is stuck to the fuel element. 


Recovery. In Condition 1, the fuel element complete with its fuel can (can top removed) is moved to the 
worktable. In Condition 2, the element is lowered back into the fuel can, and the fuel element complete 
with its fuel can (can top removed) is moved to the worktable. The fuel can is lowered into the vertical 
tipping machine sleeve. Using the tipping machine, the fuel element and can are tipped from the vertical 
to the horizontal position (Figure 5.1-21). 


Once in the horizontal position, the fuel can is clamped into the tipper sleeve and advanced to a stop at the 
can cutting machine. The cutting machine will cut through both the aluminum can and baffle pipe to 
expose the bottom of the fuel element. A can liner stop is fixed to the top of the fuel can to hold the can 
and can sleeve in position while the fuel element is pushed from the bottom using a jacking attachment. 
Observation of a torque controller readout will identify when the fuel element becomes unstuck. Jacking 
will continue until the fuel element is pushed clear of the baffle pipe. After the jacking attachment is 
withdrawn, a landing plate and fuel element support bar are installed to prevent the fuel element sliding 
back into the fuel can when the fuel element is returned to the vertical position. Once in the vertical 
position, the fuel element will be withdrawn from the fuel can and transferred to an ISF basket. 


5.1.1.6.7 Worktable Operations - Broken Fuel Element in Fuel Can 


Peach Bottom 1 fuel is known to contain failed fuel elements with attached removal tools. It is also 
possible that other Peach Bottom 1 fuel may be found in a broken condition. Potential off-normal 
conditions include: 


• Condition 1. When attempting to lift the fuel element from the can, the fuel element is visually 
observed to be broken or the FHM load cell indicates a less than expected load. 


• Condition 2. Fuel can is known to contain fuel pieces. 


Recovery. In Condition 1, the element is lowered back into the fuel can, and the fuel element complete 
with its fuel can (can top removed) is moved to the worktable. In Condition 2, the fuel can is directly 
moved to the worktable. The fuel can is lowered into the vertical tipping machine sleeve. Using the 
tipping machine, the fuel element and can are tipped from vertical to horizontal. 


A perforated type broken fuel element container is assembled on the worktable. The broken fuel element 
container has a lifting pintle at the top, a removable bottom closure, and is perforated to allow inspection 
of the fuel element during the loading process. The broken fuel element container (with its bottom closure 
removed) is laid on the worktable in line with the tipping machine. Using the can cutting machine, the 
bottom of the can containing the broken fuel element is cut off. The broken fuel element will be pushed 
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out of the can into the broken fuel element container with the rodding attachment. The bottom closure and 
two half-shell sections are then fitted. 


The broken fuel element container will be pulled into the tipping machine with the rodding attachment 
and then tipped to the vertical position. The loaded broken fuel element container will then be loaded into 
an ISF ART basket. 


5.1.1.6.8 Worktable Operations - Broken Fuel Element 


During fuel packaging activities, additional broken fuel elements or pieces may be encountered. With the 
exception of the failed Peach Bottom 1 fuel and specific fuel elements that have been sectioned for 
characterization, the ISF Facility will receive intact fuel for packaging the storage. Provisions have been 
made, however, to handle fuel that is either broken or damaged. 


• Condition 1. Peach Bottom 2 fuel elements are neither canned nor restrained from movement in 
the DOE canisters. It is possible that some of these fuel elements have broken, and there are fuel 
pieces in the bottom of the DOE canister. 


• Condition 2. It is possible that Peach Bottom 1 fuel elements (with or without attached removal 
tools) have deteriorated. It is possible that some of these fuel elements may break or shed small 
pieces during fuel packaging activities. 


• Condition 3. It is possible that fuel elements will be received broken or damaged or that fuel 
elements may be broken or damaged during fuel packaging activities as a result of handling. The 
fuel pieces may require retrieval from the FPA floor, waste stations, fuel loading stations, the 
worktable, or other surfaces. 


Recovery. For Peach Bottom fuels, a removable cover type broken fuel element container is assembled 
on the worktable. The PMS or MSMs will be used to pick up the fuel pieces and place them in the 
openings of the broken fuel element container. The covers of the broken fuel element container will be 
refitted and the broken fuel element container transferred to an ISF ART basket. For TRIGA and 
Shippingport loose rods, the pieces of the fuel element will be picked up using the MSM or PMS and 
placed directly into the fuel tube in the ISF basket. Administrative procedures will ensure that no more 
than the equivalent of one fuel element is placed in any given fuel basket tube. 


5.1.1.7 Offsite Transportation Operations 


The ISF Facility is an interim storage facility; eventually, the ISF canisters will be removed from storage 
and transported offsite for long-term storage or disposal. The process for retrieving the ISF canisters is 
essentially the reverse of those activities for placing a loaded ISF canister in storage. Minor changes may 
be required to accommodate the future transport cask design. In brief, it is anticipated that the following 
process will be used to retrieve the canisters for transfer to long-term storage or disposal. 


After the empty transportation cask is received, it will be placed on the cask trolley and moved to the FPA 
to remove the cask lid. A guide plate similar to the canister funnel (previously described) may also be 
required to guide the canisters into the transport cask. The cask trolley will be moved to the storage area 
load/unload port and the cask prepared to receive the ISF canister(s). The CHM will retrieve the canisters 
from the storage tubes and place them in the transport cask. The cask trolley will be moved to the FPA for 
removal of the guide plate (if needed) and replacement of the transport cask lid. The cask lid will be 
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bolted, surveyed, and decontaminated as necessary in the cask decontamination zone. The cask will then 
be moved to the Cask Receipt Area for loading onto the cask transporter. 


5.1.2 Flowsheets 


This section provides flowsheets showing major activities discussed in Section 5.1. One flowsheet 
provides a generic approach for cask receipt and return for all fuel types. A separate flowsheet is provided 
for each of the four fuel types to be repackaged in the FPA. These four flowsheets cover activities to place 
the fuel in the ISF canisters in the FPA. One flowsheet each is provided to cover those activities for the 
CCA and the Storage Area. Figures and activities to which they apply follow: 


Activity Figure 
Cask Receipt and Return Figure 5.1-22 
Peach Bottom 1 Fuel  Figure 5.1-23 
Peach Bottom 2 Fuel  Figure 5.1-24 
TRIGA Fuel  Figure 5.1-25 
Shippingport Fuel  Figure 5.1-26 
CCA  Figure 5.1-27 
Dry Store CHM Operations Sequence Figure 5.1.28 
  


5.1.3 Identification of Subjects for Safety Analysis 


This section identifies and summarizes subjects for safety analysis. This section is divided into five areas: 


• criticality prevention 


• chemical safety 


• operation shutdown modes 


• instrumentation 


• maintenance techniques 


5.1.3.1 Criticality Prevention 


This section summarizes the principal design features, procedures, and special techniques used to 
preclude criticality in all portions of the installation. 


An overview of this criticality prevention is provided in Table 5.1-1, Summary of Criticality Prevention, 
by identifying principal design features, procedures, and special techniques associated with each control 
method described in Table 3.3.5, Control Methods for Prevention of Criticality. Table 3.3-5 and 
Table 5.1-1 are organized to follow the fuel through the installation. 


The remaining portion of this section summarizes the principal design features, procedures, and special 
techniques in Table 5.1-1. This summary is presented in the sequence in which the fuel progresses 
through the ISF facility. Control methods that are neither planned procedures nor principal design features 
defined by the ISF Facility project have been classified as “special techniques” in this subsection. 
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As a result of these special techniques, principal design features, and procedures, it is demonstrated that 
subcriticality is maintained in all portions of the installation during normal, off-normal, and credible 
accident conditions. Sections 4.2.3.3.7, Criticality Evaluation; 4.7.3.4, Criticality Evaluation for Spent 
Fuel Handling Operations; Appendix 4A to the SAR, Criticality Models; and Chapter 8, Accident 
Analysis further describe the criticality calculations and results. 


Technical Criteria Associated with the Control Methods 


The technical criteria associated with the control methods for prevention of criticality are summarized 
below: 


No Mixing of Fuel Types. The criticality evaluations assume no mixing of the three fuel types in the 
Transfer Cask, FPA, or the ISF baskets and canisters. 


Number of Fuel Elements. Bounding criticality evaluations were performed for each of the fuel types to 
identify the maximum number of fuel elements and fuel arrangements that could be allowed such that keff 
would not exceed 0.95. Both dry and flooded conditions were evaluated in order to address normal, off-
normal, and accident conditions. These cases are summarized in Table 5.1–2. Detailed discussions of the 
criticality models are in Appendix 4A to the SAR, Criticality Models. 


Mass of Loose Material. While discussed in the following sections for the purposes of bounding the 
criticality safety case, rubblizing entire fuel elements is unlikely. A scenario was analyzed to understand 
the bounding conditions for loose material. The evaluation relates to the unlikely evolution of intact fuel 
elements into a uniformly homogenized mass.  


Criticality analyses described in Appendix 4A to the SAR, indicate that material from 14 Peach Bottom 
fuel elements, homogenized, packed into a sphere, and reflected by graphite are required before keff 
approaches 0.95, thereby establishing the upper bound. 


Shipments of Peach Bottom Core 1 fuel to the ISF Facility consist of 18 individually canned elements 
over-packed in a transfer basket. If the canister is dropped during transfer operations, separation and 
geometry are maintained between the potentially fractured fuel elements, and criticality is not a concern. 


Shipments of Peach Bottom Core 2 fuel to the ISF Facility consist of 12 un-canned elements enclosed in a 
transfer canister. If a canister full of Peach Bottom 2 elements is dropped during transfer operations, it is 
unlikely that the fractured fuel element fragments will form into a homogeneous sphere. However, if such 
a sphere could be created, it would remain sub-critical with keff less than 0.93. 


Both Peach Bottom Core 1 and Core 2 elements will be repackaged into ISF baskets capable of handling 
up to 10 elements. Insufficient fissile material exists to create a concern over fractured assemblies. A 
homogeneous sphere of ten Peach Bottom elements will have a keff of 0.91. 


For other Peach Bottom handling scenarios, only one element will be handled at a time. 


Physical Separation of Sets of Fuel Elements. One method of criticality control is to ensure through 
engineered features that fuel elements cannot be physically arranged in configurations that result in keff 
exceeding 0.95. 
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Geometric Control Provided by Basket Structure or Workstation Vessel. One method of criticality 
control is to ensure through engineered features of the ISF baskets or FPA workstation vessels that fuel 
elements cannot be physically arranged in configurations that result in keff exceeding 0.95. 


5.1.3.1.1 Fuel in Transfer Cask 


The principal design features, procedures, and special techniques that provide limitations on the amount 
of fissile materials and engineered safety features when the fuel is in the Transfer Cask are provided in 
Appendix A to this Safety Analysis Report. 


5.1.3.1.2 Fuel in Fuel Packaging Area 


No Mixing of Fuel Types 


No mixing of fuel types is achieved through the following procedures. 


Procedure. A fuel manifest will document each shipment. This document is prepared under the ISFSI 
Quality Assurance Program. Completion, checking, and approval of this manifest will serve to identify 
inadvertent mixing of fuel types. The manifest will provide the basis for acceptance of the fuel shipment 
for packaging and storage in the ISF Facility 


Procedure. The fuel repackaging is planned as three separate campaigns. The FPA is configured 
differently for each of the three fuel types. When the Transfer Cask is opened, if the DOE packaging is 
not consistent with the fuel type shown on the manifest, the fuel transfer operation will cease. The 
Transfer Cask will be bolted closed and returned for validation and/or correction. 


Number of Fuel Elements 


The number of fuel elements in the FPA is controlled through the following special techniques, principal 
design features, and procedures. 


Special Techniques. As noted in Section 3.1.1.3, the Shippingport reflector fuel contained no fissile 
material at beginning of life. As described in Appendix 4A to the SAR, Criticality Models, the amount of 
enrichment that occurred during reactor operations results in this fuel containing insufficient fissile 
material to reach a keff of 0.95. Hence, there is not a limit on the amount of Shippingport fuel in the FPA 
with respect to maintaining subcriticality. 


Principal Design Feature. The FPA is designed to be free of water. No operations involving water are 
associated with fuel handling operations within the FPA. 


Principal Design Features. The FPA workstation vessels are configured for each of the three fuel 
repackaging campaigns. 


Cover lids are placed on unused bench vessels to eliminate inadvertent usage. In the case of TRIGA fuel 
the height and diameter of the workstations are adjusted for a TRIGA ISF basket or DOE TRIGA 
bucket(s). 
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Procedure. The configuration and number of BCVs in the FPA physically limit the number of fuel 
elements that may be present. 


Mass of Loose Fissile Material 


See Section 5.1.3.1.3, Waste from Fuel Elements in the Fuel Packaging Area. 


Physical Separation of Sets of Fuel Elements by Engineered Features 


Shippingport fuel will be transferred in 1) existing reflector modules type IV and V steel structures and 
2) 127 loose rods in a container. Peach Bottom fuel will be transferred in 1) a basket with 18 individually 
canned Peach Bottom elements, 2) a canister containing up to 12 loose Peach Bottom elements, or 3) a 
canister containing broken pieces up to the equivalent of 8 intact fuel elements. Up to 90 TRIGA elements 
will be transferred in a canister that contains 3 layers of 1 bucket each. Each bucket contains 6 cans with 
up to 5 elements per can. 


Special Techniques. During the Shippingport repackaging campaign criticality control is due to the 
radionuclide composition of the fuel. Therefore physical separations of sets of fuel elements are not 
required. 


Principal Design Features. Design features were provided to prevent dry intact fuel elements from 
coming into direct contact. The maximum number of elements to maintain keff less than 0.95 is 45 TRIGA 
or 37 Peach Bottom elements. 


As noted above, TRIGA repackaging campaign transfers will consist of up to 90 elements per Transfer 
Cask by having them in three buckets, each containing 30 elements. The fuel basket operations and 
monitoring station is configured to hold a maximum of three TRIGA buckets at a time. The fuel bucket 
operations station is configured to hold only one TRIGA bucket at a time. The fuel is loaded a rod at a time 
from the fuel bucket into an ISF basket that can contain up to 54 elements. The ISF basket is a tube-and-
disc arrangement that provides the spacing between elements to ensure that keff is less than 0.95 during the 
loading sequence. Upon removal of the first fuel bucket from the DOE canister, a cover lid is placed on top 
of the workstation containing the 30-element fuel bucket(s), to physically separate the partially loaded ISF 
basket and the other two locations with fuel. A cover plate is not placed on the fuel bucket operation 
station or the ISF basket during unloading/loading since the designs provide adequate neutronic separation. 


The Peach Bottom ISF baskets hold either 10 or 7 elements. Therefore, both of these ISF basket 
configurations are below the 37 element limit. 


Geometric Control Provided by ISF Basket or Work Station Vessel 


Special Techniques. As noted above, subcriticality of Shippingport fuel is maintained by the fuel 
composition without the need for geometric control. 


Principal Design Features. The TRIGA basket design provides space for 54 elements. Geometric control 
of the spacing between fuel elements is required to maintain subcriticality. The structural analysis in 
Chapter 4 demonstrates that the ISF basket maintains its configuration during the various normal, off-
normal, and accident load conditions. 
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Principal Design Features. The Peach Bottom basket holds either ten or seven elements. Maintaining 
geometry control within the ISF basket is not a requirement to maintain subcriticality. 


5.1.3.1.3 Waste from Fuel Elements in the Fuel Packaging Area 


No Mixing of Fuel Types 


See Section 5.1.3.1.2, Fuel in Fuel Packaging Area. 


Procedure. As part of the maintenance performed for each of the separate fuel repackaging campaigns, 
equipment and locations that could contain waste from fuel elements will be cleaned if a build up of 
radioactive contaminants is observed. 


Number of Fuel Elements 


Special Techniques. Based upon WAPD-TM-1601, Preparation of LWBR spent Fuel for Shipment to 
ICPP for Long Term Storage, Section 3.9.4, no significant through-clad rod defects are expected for the 
Shippingport reflector rods (Ref. 5-3). 


Procedure. Only intact TRIGA elements will be transferred to the ISF Facility. If broken TRIGA 
elements are identified, the can will be moved to the worktable and the broken fuel element pieces will be 
moved to the ISF basket. 


Broken Peach Bottom fuel will be handled as described in Sections 5.1.1.6.7, and 5.1.1.6.8. 


Mass of Loose Fissile Material 


Special Techniques. For the three fuel types, the separation from the fuel matrix is considered unlikely 
based on the manufacturing processes associated with the respective fuel matrix. 


Procedure. Predefined load paths will be used to move the fuel. These paths will be visually observed for 
fuel fragments and loose material. 


Procedure. Periodic house cleaning can take place during a fuel loading campaign to eliminate the build-
up of the amount of observed loose material. 


Physical Separation of Sets of Fuel Elements by Engineered Features 


Special Techniques. Fuels will be transferred in containers that will serve to keep the fuel fragments and 
loose material in known locations until they are removed on the worktable and repackaged into subcritical 
configurations. 


Geometric Control Provided by ISF Basket or Work Station Vessel 


Principal Design Features. The inside diameter of the ISF basket tubes is less than that required to 
maintain a subcritical cylinder of uranium-water-graphite in the unlikely event that the uranium separates 
from the fuel matrix and consolidated at the same location in the tube. 
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Principal Design Features. The surfaces of the bench, worktable, and sump are flat sloping surfaces and 
the bottoms of the bench vessels are flat. These surfaces are not conducive to forming a spherical shape 
for loose material. 


5.1.3.1.4 Fuel in ISF Canister 


No Mixing of Fuel Types 


See Section 5.1.3.1.2, Fuel in Fuel Packaging Area. 


Number of Fuel Elements 


Special Techniques. As noted above, subcriticality of Shippingport fuel is maintained by the fuel 
composition without the need for geometric control. 


Principal Design Feature. The ISF baskets for TRIGA and Peach Bottom fuels are tube-and-spacer type 
designs that limit the number of fuel elements that can be inserted. 


The TRIGA ISF basket can contain up to 54 elements. Since this is greater than the 45-element bounding 
limit for elements in dry contact, engineered design features are required to maintain subcriticality. These 
features are described below. 


The Peach Bottom ISF baskets contain either seven or ten elements. These are less than the 37 (dry as 
packed), 18 (flooded and 0.1cm separation edge to edge), and 21 (crushed and homogenized) element 
bounding cases identified above. 


Mass of Loose Fissile Material 


Special Techniques. For the three fuel types, the separation from the fuel matrix is considered unlikely 
based on the manufacturing processes associated with the respective fuel matrix. 


Physical Separation of Sets of Fuel Elements by Engineered Features 


Principal Design Features. The tube, bottom plate, and top plate of the ISF basket prevents fuel element 
fragments from moving outside the tube. 


Geometric Control Provided by ISF Basket 


Principal Design Features. The TRIGA ISF basket design provides the spacing between fuel elements 
and the structural integrity during normal, off-normal, and accident conditions to maintain subcriticality 
of the TRIGA fuel. 


Geometric control is not required for the Shippingport and Peach Bottom ISF baskets in order to maintain 
the subcriticality of the fuel. 
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5.1.3.1.5 Loaded ISF Canister in Storage Tube and Storage Vault 


In normal operations a sealed ISF canister within the CHM may pass over a storage tube containing 
another ISF canister, or ISF canisters will be set in adjacent storage tubes. Off-normal operations and 
accident conditions are defined in Chapter 8. 


No Mixing of Fuel Types 


Fuel types are not mixed within individual ISF canisters. See Section 5.1.3.1.2, Fuel in Fuel Packaging 
Area. 


Number of Fuel Elements 


Principal Design Feature. The ISF basket and canister designs provide upper limits on the number of 
fuel elements that must be considered in the criticality evaluations. 


Mass of Loose Fissile Material 


See Section 5.1.3.1.4, Fuel in ISF Canister. 


Physical Separation of Sets of Fuel Elements by Engineered Features 


Principal Design Features. The ISF canister is not breeched during normal, off-normal, or accident 
conditions. Therefore, the physical separation of sets of fuel elements among canisters is provided for by 
the design. 


Geometric Control Provided by ISF Basket or Storage Tube 


Principal Design Features. The spacing between the storage tubes precludes significant neutronic 
interaction among the ISF canisters. 


5.1.3.2 Chemical Safety 


Hazardous chemical usage is minimized at the ISF Facility. Although some facility systems, such as 
HVAC and electrical systems, use chemicals (e.g., antifreeze, refrigerants, corrosion inhibitors, 
transformer fluids, fuels) ISF Facility systems do not employ significant quantities of hazardous 
chemicals that require special process safety analytical consideration. Incidental quantities of hazardous 
chemicals will be handled in accordance with MSDSs, and typical industrial safety precautions or 
procedures. 


5.1.3.3 Operation Shutdown Modes 


As discussed in Section 5.1.1, four basic operational modes encompass ISF Facility activities defined in 
the Technical Specifications. As noted previously, facility activities are likely to result in being in 
multiple modes at any one time. In general, ISF systems are designed to fail as is on loss of power; 
therefore, shutdowns under normal or off normal conditions do not require special equipment or 
procedures to place the facility in a safe shutdown condition. 
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5.1.3.3.1 Shutdown of Receipt Operations 


Activities associated with receipt operations may involve both planned and unplanned shutdowns. 


Planned Shutdowns 


Receipt operations are generally of short duration, performed to completion once started, and will not 
typically involve planned shutdowns. Planned shutdowns of receipt operations may occur when there is 
no SNF to receive or Transfer Casks to handle. 


Unplanned Shutdowns 


Unplanned shutdowns of receipt operations may result from equipment failures, off-normal events (such 
as a loss of power or ventilation), or emergency conditions. Fuel movement may be stopped immediately, 
as would occur on a loss of electrical power. Actions may also be taken to put the Transfer Cask in a more 
secure configuration, such as moving the cask to a seismically restrained position. 


For unplanned shutdowns as a result of equipment malfunction or failure, actions will be taken to remedy 
the malfunction or failure. For unplanned shutdowns resulting from off-normal events (such as loss of 
HVAC, loss of electrical power, or take-cover events), receipt operations activities will be shut-down 
until the off-normal condition has been remedied. For unplanned shutdowns resulting from emergencies, 
such as tornados and earthquakes, receipt operations activities will be immediately shut down. Fuel 
movement will be stopped, and personnel will take actions as directed by the ISF Facility Emergency 
Coordinator. 


Surveillance Needs 


Special surveillance routines are not required during short term, extended, or emergency shutdowns of 
receipt operations activities. As discussed in Appendix A of the SAR, the Transfer Cask design ensures 
subcriticality of the SNF and provides adequate radiological shielding. Radiological posting and controls 
would be established and maintained for the Transfer Cask in accordance with Health Physics program 
requirements. 


Start Up 


Resumption of receipt operations activities after short term, extended, or emergency shutdown may 
involve performance of radiological survey routines, equipment surveillances, post maintenance or post 
modification equipment testing, or other inspections of the facility structures, systems, and equipment. If 
the handling systems and equipment have been shutdown for an extended period, additional operational 
testing and other readiness inspections may be required before resuming receipt operations. Time 
estimates range from 2 to 4 hours to restart following a short-term shutdown, or 48 hours or more for 
extended or emergency shutdowns. 
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5.1.3.3.2 Shutdown of Loading Operations 


Activities associated with loading operations may involve both planned and unplanned shutdowns. 


Planned Shutdowns 


Planned shutdowns of loading operations activities may be conducted to perform preventive maintenance 
of fuel handling or ancillary equipment, to reconfigure the Fuel Packaging Area for packaging a different 
type of SNF, or to replace or modify facility systems and equipment. Planned shutdowns may also occur 
when there is no SNF to handle or package. 


Unplanned Shutdowns 


Unplanned shutdowns of fuel handling activities may result from equipment malfunction or failure, off- 
normal events such as a loss of power or ventilation, or emergency conditions. Loading operations may be 
stopped immediately, as would occur on a loss of electrical power. Actions may also be taken put the SNF 
in a secure configuration, such as placing the fuel into a bench vessel. Actions may also be taken such as 
closing open ports on a loss of ventilation, before suspending loading activities. 


For unplanned shutdowns as a result of equipment malfunction or failure, actions will be taken to remedy 
the malfunction or failure. For unplanned shutdowns resulting from off-normal events (such as loss of 
HVAC, loss of electrical power), loading operations activities will be shut down until the off-normal 
condition has been remedied. For unplanned shutdowns as a result of emergencies, such as tornados and 
earthquakes or other take-cover events, loading operations activities will be immediately shut down. Fuel 
movement will be stopped, and personnel will take actions as directed by the ISF Facility Emergency 
Coordinator. 


Surveillance Needs 


Special surveillance routines are not required during short term, extended, or emergency shutdown of 
loading operations. As discussed in Appendix A of the SAR, the Transfer Cask design ensures 
subcriticality of the SNF and provides adequate radiological shielding while the SNF is in the cask. 
Adequate cooling is also provided for the SNF in all conditions, and subcriticality is ensured during 
loading operation activities. 


Systems in the FPA have been designed to fail as is under loss of power; therefore, shutdowns under 
normal, off-normal or accident conditions do not require special surveillances. The Health Physics 
program requires sampling and monitoring upon loss of HVAC. Criticality is prevented by restricting fuel 
movement and general design features incorporated into the Facility. 


Start Up 


Resumption of loading operations activities after short term, extended, or emergency shutdowns may 
involve performing radiological survey routines, equipment surveillances, post maintenance or post 
modification equipment testing, or other inspections of the facility structures, systems, and equipment. If 
the handling systems and equipment have been shutdown for an extended period, additional operational 
testing and other readiness inspections may be required before resuming loading activities. Short-term 
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shutdowns may allow immediate restart of operations. Emergency or off-normal shutdown may require 
5 days or more to restart loading operations. 


5.1.3.3.3 Shutdown of Canister Handling 


Activities associated with canister handling may involve both planned and unplanned shutdowns. 


Planned Shutdowns 


Canister handling activities are generally of short duration, performed to completion once started, and will 
not typically involve planned shutdowns during fuel handling campaigns. Planned shutdowns may occur 
when there is no SNF being repackaged for storage. 


Unplanned Shutdowns 


Unplanned shutdowns of canister handing activities would result from equipment malfunctions or 
failures, off-normal events (such as a loss of power or ventilation) or emergency conditions. Canister 
handling may be stopped immediately, as would occur on a loss of electrical power. Actions may also be 
taken to put the SNF in a secure configuration, such as completing a lift of a fuel canister into the storage 
area on a loss of ventilation, before suspending canister handling activities. 


For unplanned shutdowns as a result of equipment malfunction or failure, actions will be taken to remedy 
the malfunction or failure. For unplanned shutdowns as a result of off-normal events (such as loss of 
HVAC, loss of electrical power, or take-cover events), canister handling activities will be shut down until 
the off-normal condition has been remedied. For unplanned shutdowns as a result of emergencies, such as 
tornados and earthquakes, canister handling activities will be shutdown immediately. Fuel movement will 
be stopped, and personnel will take actions as directed by the ISF Facility Emergency Coordinator. 


Surveillance Needs 


Special surveillance routines are not required during short term, extended, or emergency shutdowns of 
canister handling activities. As discussed in Section 5.1.3.1, ISF canister design ensures subcriticality of 
the SNF. Adequate cooling is provided during all canister handling activities. 


Start Up 


Resumption of canister handling activities after short term, extended, or emergency shutdowns may 
involve performance of radiological survey routines, equipment surveillances, post-maintenance or post- 
modification equipment testing, or other inspections of the facility structures, systems, and equipment. If 
the canister handling systems and equipment have been shut down for an extended period, additional 
operational testing and readiness inspections may be required before resuming canister handling 
activities. 


5.1.3.3.4 Shutdown of Storage Operations 


Storage operations begin after the first sealed ISF canister is placed into a storage tube, the storage tube is 
sealed and meets TS limits. Storage tube operations are passive by nature, with periodic surveillance 
testing the only planned activity to be conducted. 
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Planned Shutdowns 


Storage operations activities will not involve planned shutdowns. Periodic surveillance tests of storage 
tube integrity are required by technical specifications and will be conducted. 


Unplanned Shutdowns 


Unplanned shutdown of surveillance testing could result from equipment malfunctions or failures, off- 
normal events (such as a loss of power), or emergency conditions. Surveillance testing would be stopped 
immediately on a loss of electrical power, equipment malfunction or failure, or during an emergency. 
Actions may be taken to secure surveillance test equipment before leaving the storage area. 


For unplanned shutdowns of surveillance testing as a result of equipment malfunction or failure, actions 
will be taken to remedy the malfunction or failure. For unplanned shutdowns of surveillance testing as a 
result of off-normal events (such as loss of electrical power or take-cover events), surveillance testing will 
be shutdown until the off-normal condition has been remedied. For unplanned shutdowns of surveillance 
testing as a result of emergencies, such as tornados and earthquakes, surveillance testing will be 
terminated immediately and personnel will take actions as directed by ISF Facility Emergency 
Coordinator. 


Surveillance Needs 


Special surveillance routines are not required during short term, extended, or emergency shutdowns of 
periodic surveillance testing. As discussed in Section 5.1.3.1, ISF canister and storage tube design ensures 
subcriticality of the SNF. Adequate cooling is provided during all storage operations. 


Start Up 


Resumption of surveillance testing after short term, extended, or emergency shutdowns may involve 
performance of radiological survey routines, equipment calibration or surveillances, or other inspections 
of the facility structures, systems, and equipment. 


5.1.3.4 Instrumentation 


Process instrumentation and controls throughout the ISF Facility provide detection, indication, control 
and monitoring for the activities described in Section 5.1.1. Equipment-specific instrumentation and 
controls are provided to control the specific operations of that equipment. Facility-level instruments, 
controls, and interlocks are provided to monitor the interfaces between equipment. The control and 
monitoring of the equipment and systems are described in Sections 5.4 and 5.5. The liquid and solid 
waste processing systems are described in Chapter 6 and the Radiation Monitoring and Criticality 
Monitoring Systems are described in Chapter 7. 


5.1.3.5 Maintenance Techniques 


During receipt operations, loading operations, and canister handling activities, preventive, predictive, and 
corrective maintenance methods are used. Preventive and predictive maintenance is performed per 
established procedures. Corrective maintenance is performed as needed to keep the systems operating 
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safely and efficiently. Work packages will be developed in accordance with ISF Facility procedures, to 
ensure that proper planning, staging of parts, and approvals are obtained before performing work. 


A ready supply of spare parts is not required for the safe continued operation of the facility. As discussed 
in Section 5.1.3.3, analyses demonstrate that adequate fuel cooling is provided, and subcriticality is 
ensured during extended shutdown periods. As good management practice, spare parts and consumables 
will be identified to support and maintain the facility operations. If spare parts are needed and cannot be 
readily obtained off the shelf, the affected portion of the facility may be shut down until repairs are 
implemented. The inventory of spare parts will be determined based on manufacturers’ recommendations 
and component delivery times and the structures, systems, and components (SSCs) that are important to 
safety. 


Because the ISF Facility is passive when in the storage mode, there are a limited number of maintenance 
tasks, and spare parts are minimal once all SNF is loaded into the Storage Area. Recommended 
inspections and surveillance activities are described in the Technical Specifications. 


The following sections discuss the maintenance techniques applicable to specific equipment. 


5.1.3.5.1 Transfer Cask 


The Transfer Cask and transporter are not maintained by ISF Facility personnel. If visual receipt 
inspections note apparent deficiencies in the material condition of the Transfer Cask or the transporter, the 
SNF transfer may be rejected. 


5.1.3.5.2 Cask Receipt Crane 


The cask receipt crane is located in the Cask Receipt Area. The cask receipt crane is maintained in 
accordance with applicable sections of NUREG-0612 (Ref. 5-4), NUREG-0554 (Ref. 5-5), ANSI/ASME 
B30.2, (Ref. 5-6) and CMAA-70 (Ref. 5-7). Written maintenance procedures will be provided. Some cask 
receipt crane equipment is modularized to facilitate maintenance. Preventive maintenance will be 
conducted at least annually and at regular intervals, based on duty/service class. 


Corrective maintenance will be performed as needed. If equipment malfunctions or fails with a suspended 
cask, the hoist manual recovery feature will be used to lower the load to enable maintenance to be 
conducted. An appropriate spare part inventory will be maintained for routine repairs. Major component 
replacement will be coordinated with the vendor providing the equipment. 


5.1.3.5.3 Cask Trolley 


The cask trolley is normally stationed in the Cask Decontamination Zone or the Transfer Tunnel. The 
cask trolley is maintained in accordance with applicable sections of NUREG-0612 (Ref. 5-4), NUREG-
0554 (Ref. 5-5), ANSI/ASME B30.2, (Ref. 5-6) and CMAA-70 (Ref. 5-7). Written maintenance 
procedures will be provided. 


Cask trolley equipment is modularized, where possible, to facilitate maintenance. Preventive maintenance 
will be conducted at least annually, and at regular intervals based on duty/service. 
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Corrective maintenance will be performed as needed. If modularized equipment malfunctions or fail with 
a loaded cask on the trolley, the modularized equipment will be removed for repair. Jacking points are 
incorporated adjacent to each wheel, to enable a wheel/axle module to be replaced in the Transfer Tunnel, 
even with a loaded Transfer Cask on the cask trolley. The wheel modules can be replaced at any position 
in the Transfer Tunnel. 


If the failed equipment is not removable with a loaded cask on the trolley, the cask trolley will be pulled 
to the Cask Receipt Area, where the cask can be lifted using the cask receipt crane. An appropriate spare 
part inventory will be maintained. 


5.1.3.5.4 Transfer Tunnel Doors 


Some tunnel door equipment is modularized to facilitate maintenance. Preventive maintenance will be 
conducted annually. Corrective maintenance will be performed as needed. If equipment malfunctions or 
fails with a loaded cask in the vicinity, the modularized equipment may be removed for repair. If the 
failed equipment is not modularized, appropriate radiological control practices will be used when 
performing the needed repairs. Written maintenance procedures will be provided. 


5.1.3.5.5 Fuel Handling Machine 


The FHM is located in the FPA. Maintenance on the FHM will be performed in the FHM maintenance 
area. The FHM is maintained in accordance with applicable sections of NUREG-0612 (Ref. 5-4), 
NUREG-0554 (Ref. 5-5), ANSI/ASME B30.2, (Ref. 5-6) and CMAA-70 (Ref. 5-7). Written maintenance 
procedures will be provided. 


Some FHM equipment is modularized to facilitate maintenance. Preventive maintenance will be 
conducted at least annually and at regular intervals based on duty/service class. Corrective maintenance 
will be performed as needed. If equipment on the FHM malfunctions or fails, the FHM will be moved to 
the shielded FHM Maintenance Area for repair. If the failed equipment is modularized, it may be 
removed to facilitate repair. If the failed equipment is not modularized, appropriate radiological control 
practices will be used when performing repairs. Small parts and personnel enter the FHM Maintenance 
Area through the shielded access door in the work shop. Large repair parts may be moved into the area 
via the hoist well to the SWPA. 


The FHM Maintenance Area platforms enable personnel to access the FHM for maintenance. The FHM is 
designed to accommodate maintenance by staff using personnel protective equipment such as protective 
suits, rubber gloves, and respirators. 


5.1.3.5.6 Decanning Machine 


The decanning machine, in the FPA, is inaccessible during fuel packaging activities. All maintenance on 
the decanning machine will be performed remotely. The MSM and/or PMS will be used to maintain or 
replace components of the decanning machine, as needed. The decanning machine provides good 
reliability, based on a planned operating period of 12 months, except for cutting blades. Cutting blades 
can be replaced remotely. 


Equipment requiring maintenance can be broken down into subassemblies or modules. Subassemblies/ 
modules are no more than 40 inches x 40 inches x 40 inches in size, to facilitate handling through existing 
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ports. Submodules or assemblies can be passed out of the FPA by the FHM through the waste ports or the 
FHM maintenance area shield doors. Written maintenance procedures will be provided. 


5.1.3.5.7 ISF Canisters and ISF Baskets 


The canisters and baskets do not require maintenance throughout their design life. 


5.1.3.5.8 Master/Slave Manipulators 


The MSMs penetrate the FPA. The master arm is in the Operating Gallery, and the slave arm is in the 
FPA. The MSMs are designed to minimize both the duration and dexterity required for maintenance and 
repair operations by operators wearing protective suits, gloves, and a respirator. The quantity of tools 
required for maintenance is minimized. Modularity has been incorporated into the design of components 
and subassemblies that may need to be removed. Necessary components and subassemblies can be 
removed with the minimum number of tools. Written maintenance procedures will be provided. Entire 
spare units are to be maintained to allow replacement of damaged or failed units and to allow relocation 
to different ports around the FPA. The Operations Gallery is sized to allow removal and installation of 
MSM at each location. 


5.1.3.5.9 Worktable 


The worktable is located in the FPA. The worktable system equipment can be dismantled into convenient 
modules. The modules have permanent location features in order to ensure realignment and to avoid any 
dislocation to adjacent components during maintenance/replacement activities. Each module has its own 
handling feature. Fasteners to secure the modules are standardized where possible. 


The equipment is expected to be operational during the entire fuel loading process. Items that require 
regular replacement (i.e., the blades on the can-cutting machine and on the canister slitting saw) have 
manipulator-friendly quick-release fastenings. Written maintenance procedures will be provided. 


5.1.3.5.10 Canister Trolley 


The canister trolley is normally stationed in the transfer tunnel. The canister trolley system and equipment 
will be maintained in accordance with applicable sections of NUREG-0612 (Ref. 5-4), NUREG-0554 
(Ref. 5-5), ANSI/ASME B30.2, (Ref. 5-6) and CMAA-70 (Ref. 5-7). Written maintenance procedures 
will be provided. 


Canister trolley equipment is modularized to facilitate maintenance where possible. Preventive 
maintenance will be conducted annually and at regular intervals based on duty/service. Corrective 
maintenance will be performed as needed. If modularized equipment malfunctions or fails with a loaded 
canister on the trolley, the modularized equipment will be removed for repair. Jacking points are 
incorporated adjacent to each wheel, so that a wheel/axle module can be replaced in the Transfer Tunnel, 
even with a loaded canister in the cask. The wheel modules can be replaced at any position in the Transfer 
Tunnel. The jacking system can also be repaired locally if it fails to raise or lower the shield as designed. 


If the failed equipment is not removable with a loaded canister on the trolley, the canister trolley will be 
pulled to the desired location. An appropriate spare part inventory will be provided. 
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5.1.3.5.11 Bench Containment Vessels 


The bench containment vessels are not expected to require maintenance throughout their design life. 


5.1.3.5.12 Canister Closure Area Crane 


The CCA crane is located in the CCA. The cask receipt crane is not used to handle SNF, is a commercial 
grade component, and will be maintained in accordance with commercial practices. 


Where possible, some CCA crane equipment is modularized to facilitate maintenance. Preventive 
maintenance will be conducted approximately annually. Corrective maintenance will be performed as 
needed. 


5.1.3.5.13 ISF Canister Welding System 


The ISF canister welding system is located in the CCA. The canister welding system components are for 
the most part commercial grade items. The welding control system is physically separated from the ISF 
canisters by a concrete wall, to facilitate maintenance in a low radiation area. Spare parts will be 
maintained for the welding system. 


5.1.3.5.14 Vacuum Dry, Helium Fill, and Leak Check System 


The vacuum dry, helium fill and leak test system is located in the CCA. The vacuum dry, helium fill, and 
leak test system is for the most part commercial grade items. Preventive maintenance will be conducted 
on an approximately annual basis. Corrective maintenance will be performed as needed. Some system 
equipment is modularized to facilitate maintenance. Access to all equipment is available for maintenance. 
Written maintenance procedures will be provided. 


5.1.3.5.15 Canister Handling Machine 


The CHM is located in the storage area. The cask receipt crane is maintained in accordance with 
applicable sections of NUREG-0612 (Ref. 5-4), NUREG-0554 (Ref. 5-5), ANSI/ASME B30.2, (Ref. 5-6) 
and CMAA-70 (Ref. 5-7). Written maintenance procedures will be provided. 


Where practical, CHM equipment is modularized to facilitate maintenance. Preventive maintenance will 
be conducted at least annually and based on duty/service routine checks are performed. Corrective 
maintenance will be performed as needed. If modularized equipment malfunctions or fails with an ISF 
canister in the CHM, the modularized equipment may be removed for repair. If the failed equipment is 
not removable, the CHM provides adequate shielding for maintenance personnel. An appropriate spare 
part inventory will be provided. Access is provided to the bottom of the CHM to exchange lifting adapters 
and perform maintenance. The Cask Decontamination Zone/CHM Maintenance Area hatch provides 
access to the CHM. 


5.1.3.5.16 Storage Tubes 


The ISF storage modules are passive and do not require routine preventive maintenance. Inspections and 
surveillance activities are described in the Technical Specifications. Corrective maintenance will be 
performed based on surveillance observations. 
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5.1.3.5.17 Radiation Monitoring Systems 


The radiation monitoring systems will be maintained in accordance with manufacturer recommendations, 
as appropriate. Spares parts will be maintained. During times when systems are not operable, alternative 
Heath Physics survey requirements shall be implemented to protect workers. 


5.1.3.5.18 Process Monitoring Instrumentation 


The process monitoring instrumentation will be maintained in accordance with manufacturer 
recommendations, as appropriate. Spare parts will be maintained. 


5.1.3.5.19 Closed Circuit Television Monitoring Systems 


The CCTV monitoring system is largely commercial grade items. Spare parts will be readily available. 
Maintenance will be performed based on manufacturer recommendations, as appropriate. Parts of the 
system that are not designed for a 40-year life span are designed to allow maintenance and replacement as 
needed. Cameras within the FPA are installed so that they can be remotely installed and maintained. 


5.1.3.5.20 Shield Window 


The shield windows provide access for decontamination, disassembly, and visual inspection. Access is 
provided on the operating gallery side for dry gas purge capability, if needed. The barrier shield is 
accessible from the FPA side by use of the MSM. All other serviceable shield window components are 
accessible from the operating gallery side. Written maintenance procedures will be provided. 


Full replacement of shield window is possible (with all fuel removed from the FPA). Provisions are 
incorporated into the design to allow access and movement of window. 


5.1.3.5.21 Fire Protection System 


The fire protection system and components are designed to a 40-year life. Any components with a shorter 
operational life are designed to allow proper maintenance and replacement. Fire detection, alarm, and 
communication system equipment is easily accessible for maintenance, surveillance testing, and 
troubleshooting. The equipment has access panels where replacement of parts is necessary. Fire alarm 
system inspection and maintenance is in accordance with National Fire Protection Association (NFPA) 
72, Chapter 7. Written maintenance procedures will be provided. 
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5.2 SPENT FUEL HANDLING SYSTEMS 


This section describes the functions and safety features of the spent fuel handling systems. Section 5.2.1 
describes the systems associated with spent fuel receipt, transfer, and removal from storage for offsite 
shipment. Section 5.2.2 describes the operations used to move the ISF canisters containing the SNF to the 
Storage Area, and the Storage Area surveillance program. Section 4.7 provides further details on the 
design, layout, description, functions, and design bases and safety assurance for the spent fuel handling 
systems. The handling and storage operations are detailed in Section 5.1.1. 


5.2.1 Spent Fuel Receipt, Handling, and Transfer 


This section describes the systems associated with spent fuel receipt, transfer, and removal from storage 
for shipment, with attention to the provisions for maintaining fuel assembly temperature, for ensuring the 
fuel is maintained in subcritical arrays, and provisions for shielding. 


5.2.1.1 Functional Description 


This section functionally describes the processes used to receive, handle, store, and retrieve spent fuel, 
including handling damaged or failed fuel. Section 5.1.2 provides flowsheets showing the sequence of 
operations for these processes. Functional descriptions of the storage systems are provided in 
Section 5.2.2. Design details for the systems are contained in Section 4.7. 


5.2.1.1.1 Transfer Cask 


The Transfer Cask is a shielded cask used to transfer the SNF from the Idaho Nuclear Technology and 
Engineering Center (INTEC) facility to the adjacent ISF Facility. The SNF is not transported over public 
highways or transportation routes. The Transfer Cask is used for transporting all three identified fuel 
types from INTEC to the ISF Facility. Appendix A, Safety Evaluation of the Transfer Cask, provides 
additional details about the Transfer Cask, cooling of SNF, subcriticality, and shielding provisions. 


5.2.1.1.2 Cask Receipt Crane 


The cask receipt crane is shown in Figure 4.7-1 and further described in Section 4.7. 


The cask receipt crane is a 155-ton, fixed-position hoist used to (1) lift the Transfer Cask from the 
transporter and place it in the cask trolley, and (2) lift the Transfer Cask from the cask trolley and load it 
onto the cask transporter for return. It will also be used to lift transport casks to accommodate future 
movement of SNF to a repository. The cask receipt crane has been sized to accommodate each of these 
activities. 


An operator working with a pendant control will control the crane through visual observation from the 
Cask Receipt Area floor. The pendant allows freedom of movement and remote operation to reduce 
personnel exposure. Pendant controls include push-to-operate, non-latching buttons. Load cells provide 
operator indication. Emergency stop pushbuttons that stop crane movement are provided on the cask 
receipt crane pendant, the auxiliary receipt crane pendant, and the cask trolley control console. The 
occurrence of any operations fault (e.g., crane overtravel, hoist upper and lower limits) will also stop 
crane movement. 
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A 10-ton auxiliary receipt crane, with long-travel and cross-travel capability, performs tasks associated 
with cask receipt operations (e.g., removing Transfer Cask impact limiters or shipping restraints, placing 
lifting devices and fitting cask adapters). An operator working with a pendant control will control the 
auxiliary receipt crane through visual observation from the Cask Receipt Area floor. The same emergency 
pushbuttons that stop cask receipt crane movement also stop auxiliary receipt crane movement. The 
occurrence of any operations fault (e.g., crane overtravel, hoist upper and lower limits) will also stop 
crane movement. The auxiliary receipt crane has an interlock that prohibits movement in the cask receipt 
crane hoist area unless the cask receipt hoist is fully raised. 


5.2.1.1.3 Cask Trolley 


The cask trolley is used to move Transfer Casks from the Cask Receipt Area to the FPA, and to return 
Transfer Casks from the FPA to the Cask Receipt Area. Section 4.7 provides further detail and a figure of 
the cask trolley. The cask trolley is motor-driven and operates on the same rails as the canister trolley. 


A control console in the Cask Receipt Area is used to operate the cask trolley. Using this console the 
operator can select a programmed trolley position, start and stop the trolley drives, set and release the 
seismic locking pin, and open and close the transfer tunnel doors. 


Limit switches in the transfer tunnel input to a programmable logic controller (PLC) that controls trolley 
speed, transmits trolley position to the control console, and facilitates positioning for SNF transfer. 
Through the PLC, the trolley has pre-programmed stopping positions in the Cask Receipt Area, the Cask 
Decontamination Zone, the Storage Area load/unload port, and the cask port beneath the FPA. 


Control console lamps visually indicate trolley position, direction of travel, and tunnel door and locking 
pin status. Alarm indicating lights are also provided for trolley overtravel, motor fault, and emergency 
stop. Video cameras in the Transfer Tunnel provide visual display on a monitor near the operator console. 


5.2.1.1.4 Transfer Tunnel Doors 


The Cask Decontamination Zone is bounded by two motor operated doors; the outer transfer tunnel door 
and the inner transfer tunnel door. These doors provide ventilation and pressure control to ensure that air 
flows from the Cask Receipt Area toward the FPA. The outer door also provides a 1-hour equivalent fire 
barrier and protect the transfer tunnel from tornado missiles. The transfer tunnel doors are operated and 
monitored from the cask trolley control console. Console lamps and video display provide tunnel door 
status indication for the operator. PLC logic is provided to assist the operator with proper control of the 
doors. 


5.2.1.1.5 Fuel Handling Machine 


The FHM is a motor driven bridge-and-trolley crane with a 10,000-pound single-failure-proof hoist and a 
PMS attached to the trolley to provide remote handling of SNF. The FHM is used to lift DOE canisters or 
baskets of SNF into the FPA, move SNF and ancillary equipment in the FPA, and move SNF from the 
FPA. The PMS is a robotic telescoping arm that provides additional dexterity and remote handling 
capabilities. The PMS is typically used to perform tasks such as latching and unlatching special lifting 
devices, removing/installing bolts, and unlatching hold-down clamps. The PMS is not normally used to 
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handle SNF during transfer and packaging operations, but may be used to handle SNF during non-
standard or off-normal conditions, such as retrieval of broken fuel pieces. 


The FHM bridge and trolley and PMS are operated from a roving control console connected via a plug 
and socket arrangement at operator workstations. An operator controls the FHM by visual observation 
through the FPA shielded windows and CCTV system. Controls for cross travel, long travel, and hoist 
movements of the FHM are operated by hold-to-operate controls. Video cameras assist the operator in 
positioning the FHM. 


An FHM PLC assists the operator in controlling the FHM. The PLC has pre-programmed operating zones 
corresponding to specific areas (e.g., decanning machine, canister loading port) and provides a digital 
X-Y coordinate indication for accurately positioning loads. The PLC also controls speed in operating 
zones. The PLC also relays load cell indications to the operator console. 


5.2.1.1.6 Decanning Machine 


The decanning machine is used to position the Peach Bottom 1 fuel cans or salvage cans and cut their tops 
off to access the fuel elements. Two cuts are required if the fuel is contained in a salvage can, one to 
remove the salvage can top, and another to remove the fuel can top. Only one cut is required if the fuel is 
not packaged in a salvage can. 


The decanning machine is positioned in front of a shield window and controlled from a control console in 
the operating gallery. Using this console, the operator can initiate and terminate operations while visually 
observing the machine through a shielded window, assisted by CCTV. All control commands are 
manually initiated from push buttons on the control console. Equipment status and alarms are displayed 
by indicating lamps on the control console. A PLC is used to control the motor drives under the 
supervision of the operator. 


5.2.1.1.7 ISF Canisters and ISF Baskets 


The ISF canister assembly for Peach Bottom and TRIGA fuel and Shippingport loose fuel rods includes 
the canister, a basket to secure the fuel assemblies, an internal shield plug fitted into the top of a loaded 
canister, and impact plates in each end. The ISF canister for the Shippingport type IV and V modules has 
no removable internal basket. 


The ISF canister provides the primary confinement boundary for the SNF during storage operations. The 
baskets provides the structural support for the fuel assemblies inside the canisters. These components are 
further described in Section 4.2.3. 


5.2.1.1.8 Master/Slave Manipulator 


The MSMs provide remote operating capabilities in the FPA by reproducing the natural movements and 
forces of the human hand. The MSMs are not normally used to handle SNF during transfer and packaging 
operations, but may be used to assist in the retrieval of fuel pieces, as conditions warrant. The MSMs 
have a master arm, a through-wall-tube with encasts and a slave arm. The operator in the operating 
gallery uses the master arm to control the slave arm in the FPA based on visual observation and CCTV 
monitoring. Controls for the powered off-sets and extended reach are on the master arm. 
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5.2.1.1.9 Worktable 


The worktable provides a horizontal work surface and equipment used for non-standard fuel packaging 
operations such as removing fuel elements stuck in fuel cans or can sleeves, removing broken fuel 
elements from fuel cans, and packaging broken fuel elements or fuel pieces. The worktable also provides 
other equipment used to decontaminate and section fuel canisters, liners, buckets, or cans as described in 
Section 5.1.1.5.2, Primary Waste Monitoring, Decontamination, Size Reduction in FPA. 


The worktable equipment used for non-standard fuel packaging activities are the tipping machine, cutting 
machine, jacking attachment, and rodding attachment. 


Tipping Machine 


The tipping machine is used to receive, clamp, and rotate Peach Bottom 1 fuel cans from the vertical to 
horizontal position. Once fixed in the horizontal position, the can cutting machine is used to cut off the 
can bottom to allow removal of the fuel element. 


Can Cutting Machine 


The can cutting machine is used to cut the bottom off the Peach Bottom 1 fuel cans. It may also be used to 
cut the bottom off TRIGA fuel cans for decontamination. 


Jacking Attachment 


The jacking attachment is used to push stuck fuel elements clear of the fuel can baffle pipe. It is also used 
to push fuel elements with stuck can sleeves clear of the can sleeve. 


Rodding Attachment 


The rodding attachment is used to push broken fuel element parts out of a fuel can into a broken fuel 
element can. The attachment will also pull full broken fuel element containers into the tipping machine 
for transfer to a full basket. The attachment may also be used to decontaminate the inside of fuel cans 
being processed as waste. 


5.2.1.1.10 Canister Trolley 


The canister trolley is used to move ISF canisters in a shielded cask between the FPA and the CCA, and 
between the CCA and the storage area. The canister trolley jacking system raises or lowers the shielded 
cask to facilitate loading ISF canisters, perform ISF canister closure activities, or transfer ISF canisters to 
the Storage Area. The canister trolley is motor driven and operates on the same rails as the cask trolley. 


The operator controls the canister trolley from a remote control console. Using this console, the operator 
can select a programmed canister trolley position, start and stop the trolley drives, operate the shield cask 
jacking system, and set and release the seismic locking pin. 


Limit switches in the transfer tunnel input to a PLC that controls canister trolley speed, transmits trolley 
position to the control console, and facilitates positioning for SNF transfer. Through the PLC, the canister 
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trolley has pre-programmed stopping positions at the CCA port, the FPA canister port, and the storage 
area load/unload port. All control functions are manually initiated from push buttons. 


Control console lamps visually indicated canister trolley position, jacking system position, and locking 
pin status. Alarm indicating lights are also provided for trolley overtravel, motor fault, jacking system 
fault, and emergency stop. Video cameras in the Transfer Tunnel provide a visual display adjacent to the 
control console. 


5.2.1.1.11 Bench Containment Vessels 


The BCVs are vessels that provide temporary storage of SNF fuel, baskets, canisters, waste, and 
necessary components during fuel packaging operations. The BCVs are accessed through ports in the 
workbench of the FPA. As discussed in Section 5.1.1, the BCVs are configured with appropriate adapters, 
inserts, equipment, or covers before starting loading operations for a given fuel type. 


The BCV for the fuel basket operations and monitoring station has a dual function: (1) to hold the DOE 
SNF basket or canister until the fuel elements are unloaded and repackaged, and (2) to monitor the 
contamination levels of empty fuel canisters, liners, baskets, buckets and cans before transfer from the 
FPA for processing as solid waste. 


5.2.1.1.12 ISF Canister Welding System 


The ISF canister welding system is used to perform welds on loaded ISF canisters. Two remotely 
controlled, automated welding heads are provided, one configured to weld the canister lid, the other 
configured to seal weld the canister vent plug. Welding operations are performed remotely. The lid 
welding head is fitted with a suitably filtered CCTV system to allow the operators to view the weld 
formation. The welding system control is connected to the operator’s desktop computer to enable the 
computer to remotely control the welding system, provide a real-time display, and record the welding 
system control parameters. 


5.2.1.1.13 Vacuum Dry, Helium Fill, and Leak Check System 


The ISF canister vacuum dry, helium fill, and leak check system is used to: 


• vacuum dry the SNF to acceptable levels of moisture 


• fill the canister with helium to the required pressure 


• allow for placement of the canister vent plug while maintaining the required helium environment 
within the canister 


• leak test the canister lid and vent plug welds to ASME Section V acceptance standards 


The ISF canister vacuum dry, helium fill, and leak detect systems are shown in relation to their 
surroundings in Figure 5.1-13. Additional detail is found in Section 4.7. 


The individual components of the ISF canister vacuum dry, helium fill, and leak test system include the 
canister connection tool, vacuum dry system, helium fill system, leak check system, and the operator’s 
computer. 
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Canister Connection Tool 


The canister connection tool provides a leak tight connection between the canister and the vacuum dry 
and helium fill systems. It allows removal of the canister vent plug for vacuum drying and helium filling 
and insertion of the canister vent plug while maintaining the required pressure of the helium backfill. The 
tool also contains two pressure transducers and a thermocouple to measure the gas temperature and 
absolute pressure during vacuum drying and helium filling. 


Vacuum Dry System 


The vacuum dry system evacuates moisture that may degrade the SNF or canister internals during long-
term storage. The system discharges through a HEPA filter to filter potential contaminants before exhaust. 


Helium Fill System 


The helium fill system provides the loaded ISF canister with an inert, helium atmosphere for the SNF to 
prevent fuel degradation during long-term storage. The helium also enhances passive heat transfer from 
the fuel. A cylinder storage rack is located in the new canister receipt area to safely store helium cylinders 
for the helium fill system. 


Leak Check System 


The leak check system demonstrates that the lid closure weld and the vent plug seal weld have acceptably 
low leak rates. This system consists of a portable, hand-held helium sniffer. The helium sniffer is checked 
against a standard leak before and after leak checking in accordance with ASME Section V, Article 10, 
Appendix IV. 


Operator Computer 


An operator’s computer is used to display and record process signals from the canister connection tool 
pressure transducers and thermocouple. It records pressure and temperature against time data during 
vacuum drying and helium fill operations to prove conformity with the required acceptance levels. 


5.2.1.2 Safety Features 


This section discusses the operational safety features, administrative controls, and special handling 
techniques included in the spent fuel handling and transfer systems that ensure safe operation under 
normal, off-normal, and accident conditions. Operational safety under normal and off-normal conditions 
is provided by both design and operating features. Limits are identified as appropriate. Design features are 
addressed in more detail in Chapters 4 and 6. 
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5.2.1.2.1 Transfer Cask 


As discussed in Section 5.1.1, the Transfer Cask is inspected against cask acceptance criteria, before the 
SNF shipment is accepted and moved into the ISF facility. The receipt inspection includes: 


• review of the Transfer Cask shipping papers (quality control inspections, cask closure reports, 
shipping manifest, and SNF custody forms) 


• performance of radiological surveys 


• completion of security inspections for ISF Facility access 


These inspections ensure that SNF being received meets TS requirements, and that the Transfer Cask 
meets facility radiological protection and security requirements. 


In order to ensure that the Transfer Cask is not lifted while the temperature of the carbon steel outer shell 
is below the nil ductility transition temperature, administrative controls will be implemented to ensure 
that the Transfer Cask is not handled (lifted) within the Cask Receipt Area if exposure to environmental 
conditions could result in a carbon steel shell temperature below -7°C (20°F). The carbon steel cask outer 
shell is not accessible for direct temperature measurement. However, if the combination of external 
temperature and cask transit time could result in the cask carbon steel shell dropping below -7°C (20°F), 
the cask will be held within the Cask Receipt Area for a sufficient time to ensure that the cask carbon 
steel shell is warmed above -7°C (20°F) prior to beginning cask unloading operations.  


During cold weather conditions, it is anticipated that spent fuel loading operations at INTEC will occur 
within temperature-controlled buildings. Due to the large thermal mass of the Transfer Casks and the 
relatively short transport distance, subsequent exposure to outdoor air temperatures of less than -7°C 
(20°F) for limited periods of time would not appreciably reduce the temperature of the carbon steel shell. 
Thermal modeling and heat transfer calculations will be used to establish appropriate limits prior to the 
commencement of cask handling operations within the Cask Receipt Area. 


5.2.1.2.2 Cask Receipt Crane 


Operational safety is provided. 


Normal Conditions. As described in Chapter 4, the cask receipt crane is a single-failure-proof stationary 
hoist designed to withstand the design earthquake. The lifting device used to lift the Transfer Cask is 
designed in accordance with ANSI N14.6. Operator pendant controls are push-to-operate, non-latching 
buttons to prevent inadvertent operation. Load cells provide operator indication that loads are within 
expected ranges, or alert the operator to the development of off-normal conditions, such as trapped or 
snagged equipment. Control from a pendant allows the operator freedom to reduce radiation exposure. 
Operation of the crane is administratively restricted if the temperature in the Cask Receipt Area is below 
32°F or above 104°F, to ensure that the crane is not operated outside its design limits. 


Off-Normal or Accident Conditions. On loss of power, the hoist brakes engage. Load cells sensing an 
overload condition, an unbalanced load limit switch, overspeed, or overtravel conditions trip the hoist 
drive and engage the brakes. A hand release feature is also provided. Emergency-stop pushbuttons stop 
hoist movement if off-normal conditions are observed. An interlock prevents operation of the auxiliary 
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receipt crane in the cask receipt crane hoist area unless the hoist is fully raised. In a seismic event, the 
facility electrical supply is isolated, resulting in a hoist trip and engagement of brakes. 


The Transfer Cask lifting device is a yoke consisting of a spreader bar with two arms that attach to the 
trunnions of the Transfer Cask. The crane attachment device engages the lifting device, which completes 
the load path and permits the cask receipt crane to lift the Transfer Cask from, or onto, the cask transport 
vehicle. The Transfer Cask lifting device positively engages both the crane attachment device and the 
Transfer Cask in a manner that prevents the attachment from disengaging while under load. 


5.2.1.2.3 Cask Trolley 


Operational safety is provided during normal, off-normal, and accident conditions. 


Normal Conditions. The PLC defines slow zones on either side of the cask trolley fuel transfer 
programmed positions. In these defined zones, the PLC limits cask trolley movement to creep speed. The 
control console status and alarm indications and video cameras allow operations to control the trolley.  


A cask adapter provides radiological shielding during fuel transfer and a means to secure the Transfer 
Cask to the trolley. Operations are administratively restricted when the ambient temperature in the Cask 
Receipt Area during cask receipt, or in the Transfer Tunnel during transfer operations is below 32°F or 
above 104°F to ensure that the trolley is not operated outside its design limits.  


To prevent equipment damage, PLC interlocks prevent travel of the cask trolley from the Cask Receipt 
Area unless the canister trolley is north of the inner tunnel door and the outer tunnel door is fully open. 
PLC interlocks also prevent north travel from the Cask Decontamination Zone unless the canister trolley 
is in the CCA position and the inner tunnel door is fully open. Similar interlocks prevent south movement 
of the cask trolley unless the appropriate inner or outer tunnel door is fully open. 


The seismic locking pin must be fully engaged to enable the FHM hoist when positioned over the cask 
port. This prevents fuel transfer unless the cask trolley is properly positioned and seismically restrained. 
A safety interlock prohibits release of the seismic locking pin with the trolley in the cask port position if 
the FHM hoist is over the cask port. This prevents SNF damage from potential cask trolley movement 
during fuel transfer operations. 


Off-Normal and Accident Conditions. If the cask trolley’s axle breaks, the drop is limited to 1 inch, so 
the cask and cask trolley will not tip over. End of travel limit switches prevent overtravel of the cask 
trolley. Trolley motion is also stopped by rail end stops and bumpers.  


Seismic design features are provided. A seismic restraint also prevents the cask from tipping over if a 
seismic event occurs after the cask receipt crane is detached but before the cask adapter hold down 
features are engaged to secure the Transfer Cask to the trolley. The cask trolley has uplift restraints to 
keep the cask trolley on the rails during a seismic event. The cask trolley power is de-energized during a 
seismic event. All electrical circuits fail safe on loss of electrical supply and brakes engage. 
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5.2.1.2.4 Transfer Tunnel Doors 


Operational safety is provided during normal, off-normal, or accident conditions. 


Normal Conditions. Operator control console status indication and video display is provided. The PLC 
logic allows only one door to be open at one time to ensure proper air flow is maintained. The logic also 
prohibits opening the inner tunnel door during SNF transfers to the FPA, from the FPA, or to the Storage 
Area, or during high radiation conditions in the SNF transfer areas. This logic ensures personnel radiation 
protection and proper airflow are maintained during SNF transfers. 


Off-Normal or Accident Conditions. For accident conditions the outer tunnel door functions as a 
tornado missile barrier. Personnel egress door is provided to allow escape or egress when maintenance 
activities are performed in the tunnel. 


5.2.1.2.5 Fuel Handling Machine 


Operational safety conditions are provided by both design and operating features for normal, off-normal 
and accident conditions. 


Normal Conditions. The FHM is a single-failure-proof crane designed to withstand the DE. The latching 
and delatching of lifting devices on the FHM crane is confirmed by a combination of visual observation 
and registration of a load on the load cell. 


The PLC control system allows only one motion of the FHM at a time (i.e., no combination of bridge 
travel, trolley travel, or hoist travel is allowed). Operator controls are hold-to-operate. Video cameras 
assist the operator in positioning the FHM. The PLC has programmed operating zones corresponding to 
specific operation areas (e.g., decanning machine, canister loading port). The PLC coordinate indication 
assists operators positioning loads and controlling speed in operating zones. The PLC limits the FHM to 
creep speed when operating in a zone. Load cell information provides operator indication that loads are in 
expected ranges, or alerts the operator to the development of off-normal conditions, such as stuck or 
broken fuel elements. 


The PLC limits bridge and trolley travel to ± 3 inches when the FHM hoist is below the transport height 
to allow minor alignment in an operating zone but prevent transport at a height that could lead to impact 
with other equipment. The PLC also prevents bridge and trolley travel when the FHM hoist is below an 
administratively established limit so that a load will not hit or snag other equipment. 


Off-Normal or Accident Conditions. A bridge or trolley wheel or axle failure results in a maximum 
drop of 1 inch in the trolley or bridge. With this failure, the FHM can be moved to the FHM Maintenance 
Area for repairs after its load is secured. Load cells trip the hoist if the maximum critical load is exceeded. 
Limit switches prevent overtravel. Overspeed switches prevent hoist overspeed. Bridge and trolley motion 
is also stopped by rail end stops and bumpers. The control system is de-energized during and following a 
seismic event. The electrical circuits fails safe on loss of electrical supply. The FHM bridge and trolley 
have seismic uplift restraints, which capture the rails to resist vertical motion associated with seismic 
events. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 5.2-10 


 


  


5.2.1.2.6 Decanning Machine 


Operational safety is provided during normal, off-normal, and accident conditions. 


Normal Conditions. The decanning machine location allows the operator to confirm proper positioning 
of the fuel or salvage can. The fuel or salvage cans are clamped into position before cutting. Mechanical 
stops limit the depth of cut to prevent cutting into the fuel element. The fuel can is rotated as the cut is 
made. The cutting process is slow and controlled. The cuts are made approximately 20 inches above the 
actual fuel-containing portion of the fuel element. Equipment status and alarms are displayed by 
indicating lamps on the control console. The design of the decanning machine ensures SNF is well below 
the decanning machine’s cutting location. 


Off-Normal or Accident Conditions. An emergency stop button is provided at the operator control 
station. The decanning machine is anchored to resist the DE in the loaded condition. In the event of a 
seismic event the decanning machine is automatically de-energized. 


5.2.1.2.7 ISF Canisters and ISF Baskets 


Operational safety is provided by design and operating features during normal, off-normal, and accident 
conditions. 


Normal Conditions. Empty storage positions within each basket are filled with dummy fuel elements to 
ensure maximum moderator displacement. An internal shield plug positioned above each fuel basket 
protects the operator during canister closure operations. The basket design ensures that the fuel remains 
subcritical during normal, off-normal and accident conditions. 


Off-Normal or Accident Conditions. The ISF basket locking lid secures fuel assemblies in the basket in 
the unlikely event that a basket was dropped. The top and bottom canister skirts serve as energy absorbers 
if a canister is dropped. Contoured impact plates protect the dished heads from internal impacts during a 
canister drop accident and transfer basket loads to the canister shell. 


5.2.1.2.8 Master/Slave Manipulators 


Operational safety is provided during normal, off-normal, and accident conditions. 


Normal Conditions. The manipulator tong movement closely tracks the operator movement of the 
manipulator handle, except for slight amounts of deflection and lost motion. The forces at the tong are 
equal to those applied at the handle, except for slight amounts of friction and unbalance. The MSMs have 
a shielded through-wall tube to minimize operator exposure in the operating gallery. Seals prevent the 
spread of radioactive contamination from the FPA. Shield plugs have been designed to interface with the 
encast liners when the MSMs are removed to provide shielding equivalent to a 4-foot thick concrete wall. 
The MSMs are counterbalanced so that the operator doesn’t support the weight of the slave arm during 
manipulation. The MSMs have electrically powered offset facilities in shoulder roll and pitch, and a 
powered boom for extended reach. 
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Off-Normal or Accident Conditions. The through-wall tubes and shield plugs remain in position and 
seal between the transfer and operating area during and following a seismic event. The MSM control 
systems de-energize during and following a seismic event. All electrical circuits fail safe on loss of 
electrical supply. 


5.2.1.2.9 Worktable 


Operational safety is provided by the design and operating features during normal, off-normal, and 
accident conditions. 


Normal Conditions. A fence around the table contains any loose material in the table area. The operation 
of the worktable machines and attachments is manually controlled from one of two control stations. These 
stations are positioned next to shield windows immediately adjacent to the worktable to provide optimum 
operator viewing. 


Tipping Machine. The tipping machine incorporates an electro-mechanical actuator to rotate the tipper 
sleeve between the vertical and horizontal positions. Should a control limit switch fail at either the extend 
(vertical) or retract (horizontal) position, the stroke of the actuator will prevent overtravel. 


The tipper sleeve slide traverses by a motorized lead screw system. In the vertical position, traverse 
movement to raise or lower is controlled by limit switches. In the horizontal position, an intermediate 
position is required to place the fuel can at the correct cutting position. Overtravel is prevented by a fixed 
stop, which trips the motor. Overtightening of the fuel can clamps on the fuel element is prevented by a 
fixed stop that also centers the fuel can in the tipper sleeve. 


Can Cutting Machine. The cutting machine is basically a direct-motor-drive slitting saw unit mounted 
on an adjustable slide fixed to a rotating sleeve. Movement of the slide controls the depth of cut. The slide 
movement is controlled between fixed stops that prevent the saw blade from cutting into the fuel element. 
The slitting saw motor is single speed with an on/off switch. Should the saw blade become trapped, the 
motor will stall and trip. 


Jacking Attachment. The jacking attachment is basically a machine screw linear actuator operated via a 
worm and wheel gear set. At its maximum extension, the jack is just long enough to push a fuel element 
clear of the fuel can baffle pipe. The jacking attachment operates by an electrotorque multiplier that is 
controlled between fixed stops. The electrotorque controller allows the operator to pre-set the stalling 
torque. In use, the controller will also act as a torque monitor. A fall in the torque readout indicates when 
a stuck fuel element is free. 


Rodding Attachment. The rodding attachment operates on a rack-and-pinion principle. The rack is fixed 
along the length of the rod and the pinion is mounted within the rod support. Rotation of the pinion 
traverses the rod, which pushes a broken fuel element clear of the fuel can and into the new broken fuel 
element container. 


Off-Normal or Accident Conditions. The worktable equipment is designed to fail as is during a seismic 
event. The worktable control systems are de-energized during a seismic event. 
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5.2.1.2.10 Canister Trolley 


Operational safety is provided during normal, off-normal, and accident conditions. 


Normal Conditions. The PLC defines slow zones on either side of the canister trolley fuel transfer 
programmed positions. In these defined zones, the PLC limits canister trolley movement to creep speed. 
Control console status and alarm indications and video cameras allow operators to correctly control the 
canister trolley. 


Canister cask shielding is designed to maintain less than 100 mR/hr. Operations are administratively 
restricted when the ambient temperature is below 32°F or above 104°F to ensure that the trolley is not 
operated outside of its design limits. 


To prevent equipment damage, PLC interlocks prohibit the canister trolley from south travel (i.e., toward 
the cask trolley) unless the cask trolley is in a position beyond the path of travel (e.g., canister trolley 
cannot travel to canister port position unless the cask trolley is at either the cask receipt position or decon 
position). PLC interlocks also prohibit travel of the canister trolley to and from the Cask Decontamination 
Zone unless the inner tunnel door is fully open. 


The seismic locking pin must be fully engaged to enable the FHM or CHM hoist when the FHM or CHM 
is above a fuel transfer port. This prevents fuel transfer unless the canister trolley is properly positioned 
and seismically restrained. A safety interlock prohibits release of the seismic locking pin with the canister 
trolley in the canister port position if the FHM hoist is over the canister port. This prevents SNF damage 
from potential trolley movement during fuel transfer operations. A similar safety interlock prohibits 
release of the locking pin when SNF transfer is to occur through the storage area load/unload port using 
the CHM. 


Off-Normal or Accident Conditions. The cask jacking system design ensures that if a single component 
fails, the canister cask position remains as is. Manual features are provided to safely lower the canister 
cask and allow replacement of the failed component. Length of travel of the canister cask while raising 
and lowering is also controlled by limit switches. 


If the canister trolley’s axle breaks, the drop is limited to 1 inch, which keeps the canister trolley from 
tipping over. End of travel limit switches prevent overtravel of the canister trolley. Trolley motion is also 
stopped by rail end stops and bumpers.  


Seismic design features are provided. The canister trolley has uplift restraints to secure the canister trolley 
to the rails during a seismic event. The canister trolley control system is de-energized during a seismic 
event. All electrical circuits fail safe on loss of electrical supply and brakes engage. 


5.2.1.2.11 Bench Containment Vessels 


Operational safety is provided by the design features of the BCVs. 


Normal Conditions. BCVs are sized to prevent inserting enough fuel elements to achieve critical 
conditions or for TRIGA fuel, loading is designed so that fuel cannot be placed in it unless a TRIGA 
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basket is present. Unused BCVs are covered to prevent foreign material from getting into the BCV. No 
off-normal or accident conditions have been identified for the BCVs. 


5.2.1.2.12 ISF Canister Welding System 


Operational safety is provided. The welding system control and supply unit is fitted with an emergency 
stop button that can be locked in the off position. A second emergency stop button is mounted in the 
CCA. 


Normal Conditions. The canister welding system is remotely operated, to minimize the time personnel 
are near a canister loaded with fuel. To further limit exposure, the welding fixtures for the ISF canister lid 
(and the canister connection tool described below) are placed on the lid before placing the lid on a 
canister. Detection and audible alarms are provided to warn the operators of accumulation of welding 
gases. 


Off-Normal or Accident Conditions. The welding system control and supply unit is fitted with an 
emergency stop button that can be locked in the off position. A second emergency stop button is mounted 
in the CCA. The welding equipment will automatically de-energize in a seismic event. 


5.2.1.2.13 Vacuum Dry, Helium Fill, and Leak Check System 


Operational safety is provided during normal, off-normal and accident conditions. 


Normal Conditions. The storage canister is designed to handle the differential pressure associated with 
near-absolute vacuum. Thus, no safety feature is required to limit the vacuum. The vacuum pumps 
exhaust through HEPA filters to prevent the spread of contamination. 


The vacuum dry and helium fill system has a pressure relief device set to less than design pressure, to 
protect the canister from failure of helium pressure regulators. A CCTV enables the operator to view 
system operations remotely. The helium backfill system will use helium with a specified purity of at least 
99.995 percent to minimize oxidation and degradation of the SNF. Administrative controls prevent 
operation of the equipment when temperatures in the CCA are below 32ºF, to ensure that the canister vent 
plug is fully withdrawn before vacuum dry or helium fill operations. 


Off-Normal or Accident Conditions. The systems will shut down during an earthquake or the off-
normal or accident conditions. The system is not required to maintain fuel integrity or temperature, or 
prevent release of radioactive material. 


5.2.2 Spent Fuel Storage 


This section describes the operations used to transfer spent fuel assemblies to the storage position. As 
discussed in Section 5.1.1.4, the ISF Facility storage system is passive. The actions and frequencies for 
these surveillances are in the Technical Specification. The storage tubes are periodically surveyed to 
monitor and evaluate their performance. 


Three major pieces of equipment transfer spent fuel assemblies to the storage position: (1) ISF canister 
trolley, (2) ISF canister and basket, and (3) CHM and the storage tube assemblies and storage vault. The 
detailed sequence for this operation is provided in Section 5.1.1. A functional description of the fuel 
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handling systems (including the ISF canister trolley, canister, and basket) is in Section 5.2.1. The CHM 
and storage tube assemblies and vault are presented below. Additional information and figures for this 
equipment are provided in Sections 4.2 and 4.7. 


Removal of an ISF canister from storage is accomplished using the CHM. The canister could be returned 
to CCA or FPA if conditions warrant a move. The canister trolley would be used to move it. Removal of a 
canister for export is not within the scope of the license application; however, the system allows for 
removal if needed. 


Canister Handling Machine 


The CHM transfers loaded ISF canisters from the canister trolley in the Transfer Tunnel and places them 
in the storage tubes. It will also be used for future removal of the ISF canisters for offsite transport. It runs 
on rails mounted on a short wall above the level charge face floor in the Storage Area. 


The CHM consists of a crane bridge and trolley. A shielded cask/turret system is mounted on the trolley. 


The upper turret features: 


• a canister cavity with a dedicated single-failure-proof canister hoist and grapple for raising and 
lowering the canisters of SNF 


• a tube plug cavity with its dedicated tube plug hoist and grapple system 


• a CCTV navigation system to accurately position the CHM over the storage tubes or other 
stations and to view the canister identification numbers 


The movements of the CHM are commanded from an operator control station mounted on the trolley. The 
CHM turret has three operating positions: the navigation position, the tube plug hoist position, and the 
canister hoist position. 


The navigation position is used when the CHM is moving across the storage area charge face. The 
operator navigates using a video camera that looks down through the nose of the turret. This position is 
used to accurately position the CHM at the desired storage tube location. Once the CHM is positioned, the 
operator rotates the turret to the desired hoist position. The tube plug hoist position is used to remove tube 
plugs from or place them in the storage tube. The canister hoist position is used to place ISF canisters into 
the storage tube or remove ISF canisters from the tube. 


The turret includes a turret locking pin and base locking pin that lock the turret into each operating 
position. To change operating positions, the turret locking pins are unlocked, the turret is rotated, and the 
locking pins are locked in the new position. The CHM bridge and trolley have seismic clamps to prevent 
horizontal movement of the bridge and trolley during a seismic event. The turret locking pins, in concert 
with the bridge and trolley seismic clamps, provide seismic stability during movement of SNF to prevent 
trapping or damaging a canister as it is raised or lowered. 


The lower ends of the canister and tube plug cavities automatically close off whenever the upper 
turret/cask is rotated to the navigation position so that a canister cannot accidentally drop onto the charge 
face while in transit. It also provides axial gamma shielding. 
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The CHM has a retractable shield skirt that can be lowered to provide personnel shielding (1) when ISF 
canisters are raised into or lowered from the canister hoist cavity, (2) when tube plugs are removed from 
loaded storage tubes, or (3) when tube plugs are removed from empty storage tubes when nearby storage 
tubes contain loaded ISF canisters. 


Storage Tube Assembly 


The storage tube assemblies have the following functions: 


• provide the secondary confinement barrier for the stored SNF (primary confinement is provided 
by the canister) 


• maintain the vault boundary radiation shield by incorporating a tube shield plug to protect the 
public and operators from radiation hazards originating from the stored SNF 


• provide a heat-transfer interface to transfer the fuel-generated heat from the ISF canister to the 
atmosphere to maintain the stored SNF at acceptable temperatures 


• maintain the stored SNF in a sub-critical array in all conditions of storage 


Two sizes of storage tube assembly are provided, one to accept 18-inch diameter ISF canisters and the 
other to accept 24-inch diameter ISF canisters. The storage tube assemblies and storage tube assembly 
ancillaries are shown on Figures 4.2-10 through 4.2-14. 


5.2.2.1 Safety Features 


This section describes the features, systems, and handling techniques in the CHM, storage tube assembly, 
and storage vault that provide for safe operation during normal and off-normal conditions. 


5.2.2.1.1 Canister Handling Machine 


Operational safety is provided during normal, off-normal and accident conditions. 


Normal Conditions. The CHM includes a single-failure-proof hoist designed to withstand the DE. Load 
cells provide indication that loads are in expected ranges or alert the operator to the development of off-
normal conditions. The CHM control station provides status and alarm indicators to advise the operator of 
normal operating conditions. Digital display is also provided for canister grapple depth. 


Interlocks are provided to ensure that ISF canisters are not dropped or damaged during canister handling 
activities. Interlocks are provided for several operations. They are: 


• Prepare to move canister to Storage Area 


• Lift canister from canister trolley to CHM 


• Move CHM to storage tube 


• Place canister in storage tube 
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Prepare to Move Canister to Storage Area 


A safety interlock prohibits canister hoist operation over the storage area load/unload port unless the 
canister trolley is in the storage area load/unload port position with its seismic locking pin fully engaged 
and the canister cask is fully raised. Another safety interlock prohibits canister hoist operation unless the 
bridge and trolley seismic clamps and the turret and base locking pins are fully engaged. These interlocks 
prevent potential damage to a canister (from unrestrained movement during a seismic event) during 
subsequent transfer of an ISF canister from the canister trolley to the CHM. 


Lift Canister from Canister Trolley to CHM 


During transfer of SNF from the canister trolley to the CHM, safety interlocks prohibit raising the canister 
hoist unless the hoist weight is less than maximum limits (for canister and grapple) and the canister 
grapple jaws are fully closed and locked. These interlocks prevent damage that could result from snagging 
a canister during transfer, or from dropping a canister if the grapple was not properly engaged. A safety 
interlock also prevents hoist operation at speeds greater than 5.75 feet per minute to prevent potential 
canister damage from impacts. 


Move CHM to Storage Tube 


A safety interlock prohibits the CHM bridge and trolley from long and cross travel and prohibits turret 
rotation unless the canister hoist is fully raised and the canister grapple jaws are fully locked. This ensures 
that an ISF canister is fully retracted into the canister cavity and retained in position as the CHM is moved 
to the appropriate storage tube. The lower ends of the canister and tube plug cavities are closed off when 
the upper turret/cask is rotated to the navigation position. This prevents accidental dropping of a canister 
onto the charge face while in transit, and also provides axial gamma shielding. 


Place Canister in Storage Tube 


As discussed above, safety interlocks prohibit hoist operation unless the CHM is seismically restrained. 
Hoist speed is also limited. A safety interlock also prohibits canister grapple jaws from being opened 
unless the canister grapple load is supported and the ISF canister is in a seating zone. This ensures the ISF 
canister is fully seated in the storage tube before release of the grapple, thus preventing canister drop 
during placement into the storage tube, and damage to the canister or storage tube. 


Additional interlocks 


A number of additional interlocks are also provided to prevent personnel exposure and equipment 
damage, such as: prohibiting canister hoist operation or turret rotation without the shield skirt lowered 
(prevent personnel exposure); prohibiting bridge or trolley movement with the shield skirt not fully 
raised, seismic clamps not fully released, (prevent equipment damage); prohibit turret rotation with the 
turret or base locking pins not fully released (prevent equipment damage). 


Administrative controls ensure that the CHM will not be operated when the temperature is less than 32ºF 
or above 104ºF. 


Off-Normal or Accident Conditions. End of travel limit switches prevent overtravel of the bridge and 
trolley. Bridge and trolley motion is also stopped by rail end stops and bumpers. The control system is de-
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energized during and following a seismic event, and all electrical circuits fail safe on loss of electrical 
supply. The CHM has vertical uplift restraints and seismic clamps. 


5.2.2.1.2 Storage Tube Assemblies and Storage Vault 


Operational safety is provided during normal and off-normal conditions. 


Normal Conditions. The storage tube assembly is an ASME Section III –Division 1, Subsection NC 
Class 2 vessel. The storage tube provides a passive secondary confinement boundary for SNF. The 
integrity of the storage tube assembly’s confinement boundary is periodically surveyed to TS 
requirements. The vault supports the storage tubes and incorporates a passive heat removal system. TS 
surveillances are required to verify that air inlet and outlets are not blocked. 


Off-Normal Conditions. The storage tube assemblies and storage vault are designed to withstand the 
DE. 


5.2.2.2 Maintenance 


This section discusses the maintenance of the storage components. Section 4.3.9 provides additional 
information on maintenance systems. 


5.2.2.2.1 Canister Handling Machine 


The CHM is designed to operate reliably with planned maintenance intervals of 1 year. Equipment 
requiring maintenance can be broken down into subassemblies or modules. These have permanent 
location features to facilitate realignment and are designed to minimize dislocation of adjacent 
components during replacement. 


The bridge and trolley wheel assemblies are designed to facilitate easy replacement or repair. Jacking 
points are incorporated adjacent to each bridge and trolley wheel, so that a wheel/axle module can be 
replaced with the ISF canister in the CHM. The wheel modules can be replaced at any position on the 
rails. 


If the bridge or trolley axle breaks, the wheel assembly will drop only 1 inch to the respective rails. The 
drop will not cause damage to the canister or excessive stresses in the CHM or rail system. 


5.2.2.2.2 Storage Tube Modules and Vault 


The storage tube modules are passive in nature and require no routine maintenance, but the pressures in 
the storage tubes will undergo periodic surveillance testing in accordance with TS. 


The storage vault is passive in nature and has no routine maintenance requirements. Periodic TS 
surveillance may require cleaning of ventilation flow paths. 
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5.3 OTHER OPERATING SYSTEMS 


This section identifies the operating systems other than those in Sections 5.2.1 and 5.2.2. The only 
Important To Safety (ITS) aspects of the systems identified below are the confinement areas of the HVAC 
system and the seismic cutoff switch (including the associated circuits) in the electrical power distribution 
system. 


5.3.1 Operating Systems 


The other operating systems include the following: 


• HVAC system 


• electrical power distribution system 


• Integrated Data Collection System (IDCS) 


• liquid waste system 


• solid waste system 


• radiation monitoring systems 


• fire protection/communication system 


• compressed air system 


• breathing air system 


• potable water system 


• sanitary waste system 


5.3.1.1 HVAC System 


As described in Chapter 4.3, three major subsystems are associated with the ISF HVAC; the cask receipt 
area, storage and transfer area system. The subsystems for the cask receipt area and storage area are not 
required to provide decay heat removal or confinement of contamination – they are provided to maintain 
environmental conditions for habitability and reliable equipment operation. The transfer area subsystem is 
not required to provide decay heat removal, but is relied upon to provide a confinement barrier during 
SNF handling operation and maintain personnel exposure ALARA. The operation of the transfer area 
ventilation system, with an emphasis on features that are important to safety is provided below. 


5.3.1.1.1 Functional Description – Transfer Area HVAC 


As shown on Figures 4.3-3 and 4.3-4, the transfer area HVAC system provides heating and ventilation to 
the FPA, FHM maintenance area, CCA, operating gallery, workshop, HEPA filter room, transfer tunnel, 
liquid waste storage tank area, SWPA, solid waste storage area, and the Cask Decontamination Zone. As 
discussed in Section 4.3.1.1.1, these areas are divided into four airborne contamination control zones. 
Differential pressures between these zones maintain airflow from areas of low potential contamination 
toward areas of higher potential contamination, and through HEPA filters prior to exhaust through the 
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stack. The FPA and FHM areas are maintained at the maximum negative value with respect to 
atmosphere. 


5.3.1.1.2 Major Components – Transfer Area HVAC 


Major components of the system include two supply fans, two exhaust fans, two banks of HEPA filters, 
interconnecting ductwork, and an exhaust stack. HEPA filters are also installed inside the FPA on the 
inlet to the exhaust ductwork and act as pre-filters to reduce contamination and loading of the primary 
HEPA filters. 


5.3.1.1.3 Design Description – Transfer Area HVAC 


As discussed in Section 4.3, the Transfer Area HVAC system is not required to operate during or after 
design basis accidents. However, certain passive components of this system (i.e., selected sections of 
HVAC ductwork, dampers, and filters) are relied on to maintain the FPA and FHM confinement barrier 
during off-normal and accident conditions. These components are identified in Figure 4.3-5. These 
components have been classified as important to safety (ITS) components. 


5.3.1.1.4 Safety Criteria and Assurance – Transfer Area HVAC 


The design, procurement, fabrication, erection, maintenance and testing of the Transfer Area HVAC ITS 
SSCs are performed under the ISFSI Quality Assurance Program (Ref. 5-8). Procedures will address 
routine maintenance and surveillance requirements for ITS components and for the balance of the HVAC 
system to maintain operability. 


5.3.1.1.5 Operating Limits – Transfer Area HVAC 


Although the balance of the Transfer Area HVAC system is classified as “not important to safety”, 
operation of the system is needed to maintain exposure ALARA during fuel handling activities in the 
FPA, and other areas of the facility. Accordingly, the HVAC system is required to be operational in order 
to perform SNF loading operations in accordance with the TS. 


5.3.1.2 Electrical Power Distribution 


As described in Chapter 4.3.2, electrical power to the facility is supplied from a utility source at 13.8 kV – 
a unit substation stepdown transformer converts the power to 480V for distribution to the ISF Facility. 


5.3.1.2.1 Functional Description 


The electrical distribution system is shown in Figure 4.3-10. Under normal conditions, the facility power 
is supplied by a 13.8KV off-site source.. This normal source of power is supplied from the unit substation 
and distributed to facility loads through step-down transformers, Motor Control Centers (MCC), and 
breakers. In the event off-site power is not available, the Standby MCC can also be powered by the 
Standby Diesel Generator through an automatic transfer switch. The loads connected to the Standby MCC 
are shown on Figure 4.3-11. One of the loads connected to the Standby MCC is the UPS. This UPS 
conditions the electrical power and provides a “clean” source for those electrical components sensitive to 
power surges or electrical fluctuations. The loads connected to the UPS are shown on Figure 4.3-12. As 
discussed in SAR Section 4.3.2.1.1, the UPS is an on-line battery backed system that can provide power 
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for a minimum of 90 minutes in the event neither the Standby Diesel Generator nor off-site power is 
available. 


5.3.1.2.2 Major Components 


Major components of the system include the unit substation, a 500 kW standby diesel generator, MCCs, a 
seismic switch, and UPS. A seismic switch, consisting of seismic sensors in conjunction with redundant 
load interrupter switches is installed in the 13.8 kV feed to the stepdown transformer. When a seismic 
event is detected, this switch opens the load interrupters to isolate the normal and normal/standby power 
sources to the facility.  


5.3.1.2.3 Design Description 


The electrical power distribution system is designed to de-energize during seismic events to ensure all 
fuel handling equipment is in a known safe state. With the exception of the seismic switch, the 
distribution system is not required to operate during or after design basis accidents and is classified as 
“not important to safety”. The seismic switch is relied upon in a seismic event, and is classified as 
“important to safety”. 


5.3.1.2.4 Safety Criteria and Assurance 


Requirements for the design, fabrication, erection, maintenance and testing of the electrical distribution 
system ITS SSCs are described in the ISFSI Quality Assurance Program. Periodic surveillance of the 
seismic switch will be performed as required by plant maintenance procedures. 


5.3.1.2.5 Operating Limits 


Although the balance of the electrical distribution system is classified as “not important to safety”, 
operation of the seismic switch ensures the facility responds as designed in a seismic event. 


5.3.1.3 Integrated Data Collection System (IDCS) 


The IDCS is described in Section 4.3.2.1.2. 


5.3.1.4 Liquid Waste Processing System 


The liquid waste processing system is described in Section 6.3. 


5.3.1.5 Solid Waste Processing System 


The solid waste processing system is described in Section 6.4. 


5.3.1.6 Radiation Monitoring System 


The radiation monitoring system is described in Section 7.3.4. 
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5.3.1.7 Fire Protection/Communication System 


The fire protection system and communications and alarm systems are described in Sections 4.3.7 and 
4.3.8. 


5.3.1.8 Compressed Air System 


The compressed air system is described in Section 4.3.3.1. 


5.3.1.9 Breathing Air System 


The breathing air system is described in Section 4.3.3.2. 


5.3.1.10 Potable Water Supply System 


The potable water system is described in Section 4.3.5. 


5.3.1.11 Sewage Treatment System 


The sanitary waste system is described in Section 4.3.6. 


Section 4.3 provides information on auxiliary systems including the ITS portions of the HVAC and 
electrical power distribution systems. Chapter 6 discusses the liquid and solid waste systems. The 
radiation monitoring and criticality monitoring systems are discussed in Sections 4.3 and Chapter 7. 


5.3.2 Component/Equipment Spares 


Spare equipment items are not required for the safe continued operation of the facility. If spares are not 
immediately available for continued operations, the affected portion of the facility will be shut down until 
repairs are implemented. Consistent with good management practice, spares will be maintained for some 
items to provide for continued operations. 


Because the main supply and exhaust fans serving the FPA are important to the ISF facility mission, 
100-percent redundant backup is provided to allow for periodic maintenance and duty cycling. The 
inventory of spare parts will be determined based on balancing manufacturers’ recommended spare parts 
lists, component delivery times, and other commercial considerations. 


Generally, items requiring periodic or preventative maintenance or calibration are located in lower dose 
rate areas. For example, differential pressure instruments for the FPA exhaust HEPA filters are outside 
the area; exhaust blowers and the CHM are in low dose areas; and air compressors, chillers, and air 
handling units are outside the radiologically controlled area. 


If the item cannot be physically located in a low dose area, provisions are provided to separate the source 
of ionizing radiation from the equipment. For example, the FPA lights and the MSMs may be removed 
and then repaired or replaced from the external (radiologically cold) side of the areas shield walls. The 
FHM and PMS are moved to the FHM Maintenance Area for preventative and corrective maintenance. 
The FHM Maintenance Area is separated from the FPA by a concrete shield wall and a shield door. 
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5.4 OPERATION SUPPORT SYSTEMS 


This section describes the functions, major components, detection system and locations, operating 
characteristics, and safety criteria for the instrumentation and controls (I&C) for the following important 
to safety (ITS) spent fuel handling and storage equipment and systems: 


• cask receipt crane 


• cask trolley 


• FHM 


• canister trolley 


• worktable 


• CHM 


Because some ITS equipment (e.g., bench containment vessels, canisters and baskets, MSMs, and storage 
tube modules) is primarily passive, it does not have specific I&C.  


5.4.1 Instrumentation and Control Systems 


I&C for ISF Facility systems and equipment are based on an established operation philosophy and 
standard: 


• Command functions are designed to occur according to operator demands or active confirmation, 
in conjunction with protective and command interlocks. 


• Protective interlocks are designed to prevent potentially hazardous operations or conditions. 


• Operational interlocks, along with operator demand or confirmation, determine equipment 
operation. 


• The combination of operator action (demand or confirmation) and operational interlocks ensures 
that the ISF Facility is a manned-operation facility, and that there are no unsupervised activities. 


The ISF Facility has the I&C necessary to safely perform day-to-day operations to receive, repackage, 
and store SNF, in accordance with ISF Facility procedures and processes. Specific I&C design features 
enable the operator to respond to off-normal and emergency occurrences associated with performing 
spent fuel operations, as well as failures associated with the controls and indications of the equipment 
used to perform those operations. Interlocks that are classified ITS are summarized in Table 5.4-1. 


5.4.1.1 Functional Description 


Redundancy is provided for ITS I&C. Electrical power, instrumentation, and control systems that perform 
a safety function consist of more than one channel. Where feasible, one protection channel is mechanical, 
and the second is electrical. Any one of the channels can accomplish the safety function. 
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The I&C systems provide the operational information, indications, and controls the operator needs, so that 
the equipment can perform normal, off-normal, and emergency functions, according to ITS classification. 
The following types of features and capabilities are included as appropriate: 


• human-factoring of controls, indications, and alarms (e.g., location, color-coding, readability, 
format) 


• monitoring of equipment status (e.g., power availability, interlock condition, radiation and 
radioactivity levels, uninterruptible power supply [UPS] status, temperature, pressure, weight) 


• position indication (e.g., track travel location, end-of-travel, x & y coordinate, z-coordinate, open, 
shut) 


• monitoring of effluents (e.g., HVAC isokinetic sampling, liquid radioactive waste) 


• push-and-hold-to-operate controls for hoists and cranes 


• interlocked protective systems with control systems (e.g., overweight on crane stops hoist 
movement, high radioactivity in HVAC isolates exhaust and aligns absorber trains) 


• alarms for off-normal conditions (e.g., high radiation levels, loss of power, loss of battery input to 
UPS, loss of control signal) 


• alarms for control equipment failures (e.g., actual position not at demanded position) 


• alarms and indication from external sources (INL or other facility) 


• redundant control and indicating mechanisms to meet single-failure criteria, (e.g., mechanical 
control paired with electrical control, two-control channels, two-out-of-three logic control 
channels) 


• compliance with codes and requirements (e.g., electrical separation, cable segregation, fire-
proofing, segregation of controls, protective features) 


• automatic or operator-initiated actuation of protective systems (e.g., stopping hoist or trolley 
travel, opening of electrical power supply breakers) 


• administrative controls on overrides (e.g., use of key-switches, authorization requirements) 


• in situ testing of redundant I&C to provide for continued monitoring, alarms, operation 


• fail-as-is design (e.g., loss of power results in stopping movement in cranes and trolleys) 


5.4.1.2 Major Components 


The HVAC system is controlled by an independent digital control system. In general, all operations are 
locally controlled at the operators station. Fire protection and security systems are linked to INL and 
appropriate response locations (e.g., Fire Station, security station) and alarm indications are provided in 
the ISF Facility Operations Monitoring Area. Plant alarms associated with radmonitoring system and 
effluent monitoring provide indication in the local area or the Operations Monitoring Area, as 
appropriate. Plant wide "fire" and "evacuate" annunciations originate out of the Operations Monitoring 
Area which acts as the command post during emergency conditions. 
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5.4.1.3 Detection System and Location 


This section summarizes the ITS functions for the I&C for systems and equipment listed in the preceding 
section. Functions of these systems and equipment are further detailed in Sections 5.2.1 and 5.2.2. 


5.4.1.4 Functions of ITS Systems and Equipment Instrumentation and Controls 


This section summarizes the ITS functions for the I&C for systems and equipment listed in the preceding 
section. Functions of those systems and equipment are further detailed in Sections 5.2.1 and 5.2.2. 


• Cask Receipt Crane: I&C permits remote manual control and load monitoring. 


• Cask Trolley: I&C enable the operator to manually control trolley movement, position the trolley 
at specific stops, and operate the doors to the Transfer Tunnel. Key instrumentation includes 
position limit switches, end-of-travel limit switches, and locking pin limit switches.  


• Fuel Handling Machine: I&C enable the operator to manually control FHM and PMS movement. 
Key instrumentation includes load cells, position limit switches, hoist over travel switches, and 
end-of-travel switches. 


• Canister Trolley: I&C enable the operator to manually control trolley movement and position the 
trolley at specific stops. Key instrumentation includes position limit switches, end-of-travel limit 
switches, locking pin limit switches, jacking limit switches, and heater controls. 


• Worktable: I&C allow operators to remotely handle damaged fuel cans or fuel rod assemblies 
during SNF repackaging in the FPA. 


• Canister Handling Machine: I&C accommodate several CHM functions and operating 
requirements. The interlocks associated with the CHM are provided in Section 5.2.2. 


5.4.1.5 Safety Criteria and Assurance 


Requirements for design, installation, and maintenance of ITS instrumentation and controls are described 
in the ISFSI Quality Assurance Program (Ref. 5-8). 


5.4.1.6 Operating Characteristics 


Operating characteristics of each system is discussed in Section 5.1 or 5.2 as appropriate. 


5.4.2 System and Component Spares 


Spare or alternative instrumentation is not required for safe continued operation but will be provided for 
continuity of operations. A routine calibration and preventative maintenance program will be developed 
based on manufacturers’ recommendations. Generally, instrumentation is located in lower dose rate areas 
where operations personnel have routine access. 
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5.5 CONTROL ROOM AND CONTROL AREAS 


All activities at the ISF Facility are commanded, controlled and monitored from local control stations. 
Activities such as trolley control, FHM operation, CHM operations, and cask receipt crane operations are 
controlled locally by trained and qualified operations personnel. The local control stations allow an 
operator to fully comply with the safety and functional requirements of the systems and equipment under 
control. Interlocks to other systems and equipment, alarms and protective actions are included as 
appropriate. Accordingly, a centralized control room is not required. 


The ISF does include an Operations Monitoring Area on the upper floor of the Administration Area. The 
Operations Monitoring Area uses an IDCS for centralized acquisition, processing, and storage of facility 
data. It is a data monitoring system only, and does not provide control functions. The IDCS is not 
necessary to maintain the conditions required to store SNF safely or to prevent damage to the SNF during 
handling and storage. Therefore, the IDCS is categorized Not Important to Safety. Section 4.3 provides 
more detail on the IDCS. 


The ISF Facility is designed so that electrical power is not required for ITS structures, systems and 
components to perform their intended safety function. Manual capability ensures that the SNF can be 
placed in a safe condition if an off-normal event or accident does occur. As a result, no unique features or 
redundancy are required even if the operations monitoring area or local control stations are removed from 
service and cannot be occupied. 


During emergencies, which require activation of the ISF Facility Emergency Plan, the Operations 
Monitoring Area serves as the Command Post (Ref. 5-9). 
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5.6 ANALYTICAL SAMPLING 


Analytical sampling is not required to verify that operation of the ISF Facility is within prescribed limits. 
The methods used to verify operations within prescribed limits include: 


• general area radiation and airborne radioactivity monitoring 


• area specific radiation surveys 


• effluent release monitoring 


• sampling of Transfer Cask atmosphere 


General area and airborne radioactivity monitoring are discussed in Section 7.3. Section 7.5 discusses the 
methods, frequencies, and plans for conducting radiation surveys. Section 7.6 describes the program for 
monitoring and estimating the contribution of radioactive materials to the environment. 


Section 5.1.1 describes the sampling of the Transfer Cask atmosphere.  


Helium will be provided by a vendor with accompanying documentation to verify purity meets the 
requirements for helium backfill gas. ISF procedures and quality assurance requirements will verify 
vendor documentation prior to use of fill gas. 


Liquid waste will be sampled and levels of radioactive material contained in the liquid waste storage 
tanks shall be evaluated. Concentration will be limited to minimize radiation exposure and keep levels 
within any limits imposed by processor. The ISF will have all liquid waste processed and disposed of by 
vendor. 
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Table 5.1-1 
Summary of Criticality Prevention 


Control Methods 
for Prevention of 


Criticality (1) 


Fuel in 
Transfer 


Cask 
Fuel in Fuel 


Packaging Area 


Waste from fuel 
elements in the Fuel 


Packaging Area Fuel in ISF Canister 


Loaded ISF 
Canister in 


Storage Tube and 
Storage Vault 


Limitation on the amount of Fissile Materials 
No mixing of fuel 
types 


See SAR 
Appendix A  


ST - Shipping 
schedule 
P - Fuel Shipment 
Manifest, Separate 
fuel repackaging 
campaigns 


P - Decontamination 
associated with 
separate repackaging 
campaigns 


PDF - Configurations 
of ISF Baskets 
P - Separate Fuel 
Repackaging 
Campaigns 


PDF – 
Configurations of 
ISF Canisters and 
Storage Tubes 
P – Separate Fuel 
Repackaging 
Campaigns 


Number of fuel 
elements 


See SAR 
Appendix A  


ST- Shippingport fuel 
composition 
PDF – No water in 
FPA 
PDF – Design of 
vessels containing fuel 
P – Limit on 
cumulative number of 
fuel elements in FPA 
at any given time 


ST – Shippingport fuel 
composition 
P – Handling fuel 
fragments 


ST – Shippingport 
fuel composition 
PDF- Configurations 
of ISF Baskets 


ST – Shippingport 
fuel composition 
PDF- 
Configurations of 
ISF Baskets 


Mass of loose 
fissile material 


See SAR 
Appendix A  


See Waste from fuel 
elements in the Fuel 
Packaging Area 


ST – Shippingport fuel 
composition, 
P- Predefined load 
paths 
P - Periodic cleaning in 
FPA 


ST – Fuel 
manufacturing 
process 


ST – Fuel 
manufacturing 
process 


Engineered Safety Features 
Physical separation 
of sets of fuel 
elements by 
engineered 
features 


See SAR 
Appendix A  


PDF – DOE 
Packaging, 
Configuration of ISF 
Baskets, Cover Plates 
on Bench Vessels 


ST – DOE transfer in 
sealed containers 


PDF- Configurations 
of ISF Baskets 


PDF – 
Configurations of 
ISF Baskets 


Geometric Control 
Provided by Basket 
Structure or Work 
Station Vessel 


See SAR 
Appendix A 


PDF – Configurations 
of ISF Baskets and 
Work Station Vessels 


PDF – Configurations of 
ISF Baskets and Work 
Station Vessels 


PDF – Configurations 
of ISF Baskets 


PDF – 
Configurations of 
Storage Tubes 


Use of burn-up 
credit 


See SAR 
Appendix A 


Not used Not used Not used Not used 


Use of burnable or 
fixed neutron 
absorbers (poisons) 


See SAR 
Appendix A 


No credit taken for 
ISFSI storage 


No credit taken for 
ISFSI storage 


No credit taken for 
ISFSI storage 


No credit taken for 
ISFSI storage 


Note: 
 (1)  PDF = Principal Design Feature; P = Procedure; ST = Special Technique 
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Table 5.1-2 
Bounding Criticality Evaluations 


Dry as packed Flooded 
Type of Fuel No. of elements Optimum Spacing keff No. of elements Optimum Spacing keff 
Shippingport Reflector 
Modules for Type IV and V 


Infinite array of 
pellets 


In contact with each 
other 


0.18 Infinite array of rods 1 inch 0.65 


TRIGA (SS Clad Post 65) 45 (hexagonal 
array) 


In contact with each 
other 


0.91 90 (3 sealed cans 
with 30 each) 


In contact and cross 
shape array 


0.55 


Peach Bottom Core 1&2 37 0.1 cm separation 
edge to edge 


0.55 18 0.1 cm separation 
edge to edge 


0.92 
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 Table 5.4-1 Sheet 1 of 2
Major Component Interlocks and Functions Classified ITS 


Interlock Description Interlock Logic Function 
Cask Receipt Crane 
Seismic Isolates electrical power in seismic event Stop SNF operations during seismic event 
Overspeed Stops cask receipt crane hoist if overspeed is 


detected 
Prevent SNF Movement with failed 
equipment 


Uncommanded Motion Stops cask receipt crane hoist if hoist motion is 
detected without an operator command 


Prevent SNF Movement with failed 
equipment 


Cask Trolley 
Locking Pin Release Prohibit (Cask 
Port) 


Prohibit disengagement of seismic locking pin 
in cask port position unless FHM bridge is east 
or west of the cask port. 


Prevent damage to SNF during transfer if 
seismic event occurs. 


Seismic Isolates electrical power in seismic event Stop SNF operations during seismic event 
Fuel Handling Machine 
Ultimate Up Trips FHM hoist at ultimate up hoist position Prevent FHM damage 
Overspeed Stops FHM hoist motion on overspeed Prevent SNF movement with failed 


equipment. 
Broken Hoist Shaft Stops FHM hoist motion on broken hoist shaft Prevent SNF movement with failed 


equipment. 
FHM Cask Port Prohibit Prohibit FHM hoist operation in cask port 


position unless cask trolley in position with 
locking pin engaged. 


Prevent SNF transfer unless trolley 
seismically restrained. 


FHM Canister Port Prohibit Prohibit FHM hoist operation in canister port 
position unless canister trolley in position with 
locking pin engaged 


Prevent SNF transfer unless trolley 
seismically restrained 


Seismic Isolates electrical power in seismic event Stop SNF operations during seismic event 
Canister Trolley 
Locking Pin Release Prohibit 
(Canister Port) 


Prohibit disengagement of seismic locking pin 
in canister port position unless FHM bridge is 
east or west of the canister port. 


Prevent damage to SNF during transfer if 
seismic event occurs. 


Locking Pin Release Prohibit 
(Storage Area) 


Prohibit disengagement of seismic locking pin 
in storage area load/unload position unless 
CHM has completed fuel transfer activities as 
indicated by CHM umbilical in the stowed 
position. 


Prevent damage to SNF during transfer if 
seismic event occurs. 


Seismic Isolates electrical power in seismic event Stop SNF operations during seismic event 
Worktable 
Seismic Isolates electrical power in seismic event Stop SNF operations during seismic event 
 







ISF FACILITY 
Safety Analysis Report Rev. 4 
 


  


 Table 5.4-1 Sheet 2 of 2
Major Component Interlocks and Functions Classified ITS 


Interlock Description Interlock Logic Function 
Canister Handling Machine 
CHM bridge and trolley travel The CHM bridge and trolley travel is prohibited 


unless the canister hoist is fully raised when in 
canister mode or maintenance mode. 


Prevent damage to canister 


CHM bridge and trolley seismic 
clamps 


The seismic clamps cannot be released unless 
the canister hoist and the tube plug hoist are at 
an appropriate raise limit or shield skirt fully 
raised. 


Reduce damage during seismic event 


CHM Turret Rotation The CHM turret is prohibited from rotating 
unless the canister grapple is at the upper limit 
when in canister mode or maintenance mode. 


Prevent damage to canister 


CHM Locking Pins release The turret and base locking pins are prohibited 
from releasing unless the canister grapple is at 
the upper limit when in canister mode or 
maintenance mode. 


Prevent damage to canister 


Hoist Control The hoist is prohibited from operation unless 
the bridge and trolley seismic clamps are fully 
set and the locking pins are fully set. 


Prevent damage to canister, reduce 
damage during seismic event 


Hoist Speed Hoist speed is limited to <6.3 ft/min. Prevent damage to canister 
Hoist Raise Hoist cannot be raised: above limit, above 


seating zone with jaws not locked, with no load 
on grapple and weight above limits, with load 
above limit. 


Prevent damage to canister, prevent drop 
of canister 


Hoist Lower Hoist cannot be lowered if weight is below 
minimum weight 


Prevent slack rope condition 


Grapple Operation The CHM grapple jaws are prohibited from 
opening while carrying a load or not supported 
in a seating zone. 


Prevent drop of canister 


Mode Changes The CHM is prohibited from changing modes 
unless the canister cavity is empty and the 
tube plug cavity is empty. 


Prevent drop of canister 


Umbilical Condition The canister hoist cannot be operated at 
load/unload port position unless canister trolley 
in position, locking pins set and canister cask 
fully raised.(1) 


Prevent damage to canister, reduce 
damage during seismic event, and 
minimize radiation exposures during 
canister removal from canister trolley. 


Seismic Isolates electric power in seismic event. Stop SNF operations in seismic event 
Note: 
(1) Only the Canister Trolley pins set interlock is ITS. 
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Figure 5.1-1 
General Arrangement of Areas 


 


  


 


 


 


figure 5.1-01 (30110-1-3).doc  
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figure 5.1-02 (20045-1-1).doc  


Figure 5.1-2 
Remove Transfer Cask from Transporter 
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20045-1-2  


Figure 5.1-3 
Move Transfer Cask to Cask Trolley 
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Figure 5.1-4 
Moving SNF To FPA And Return Transfer Cask To DOE  


 


 


figure 5.1-04 (20036-1-1).doc  
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Figure 5.1-5 
Fuel Packaging Area Configuration 


Peach Bottom 1 Fuel 
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Figure 5.1-6 
Fuel Packaging Area Bench Configuration 


Peach Bottom 1 Fuel 
 


 


20003-01-02  
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Figure 5.1-7 
Fuel Packaging Area Configuration 


Peach Bottom 2 Fuel 
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Figure 5.1-8 
Fuel Packaging Area Bench Configuration 


Peach Bottom 2 Fuel 
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20152-01-03  


Figure 5.1-9 
Fuel Packaging Area Configuration 


TRIGA Fuel 
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Figure 5.1-10 
Fuel Packaging Area Bench Configuration 


TRIGA Fuel 
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figure 5.1-11 (20155-01-02).doc  


Figure 5.1-11 
Fuel Packaging Area Configuration 


Shippingport Fuel 
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Figure 5.1-12 
Fuel Packaging Area Bench Configuration 


Shippingport Fuel 
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Figure 5.1-13 
Canister Welding, Vacuum Dry, Helium Fill and Leak Check Layout 
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Figure 5.1-14 
ISF Canister Lid Closure Weld 


 


 


figure 5.1-14 (11128-5-1).doc   
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Figure 5.1-15 
Vacuum Dry, Inert and Leak Check 


figure 5.1-15 (11128-6-1).doc  
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11133-01-03  


Figure 5.1-16 
Helium Charging Tool 
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Figure 5.1-17 
Receipt and Storage of New ISF Canister 


 


 


figure 5.1-17 (11128-1-1).doc    
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Figure 5.1-18 
 


 


 


 


 


 


 


 


Figure Not Used. 


 


figure 5.1-18 (11128-2-1).doc  
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Figure 5.1-19 
Placement of New ISF Canister Into Canister Cask 


 


figure 5.1-19 (11128-3-1).doc      
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Figure 5.1-20 
Preparation of Canister for Fuel Loading 


 


 


figure 5.1-20 (11128-4-1).doc  
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Figure 5.1-21 
Worktable Facilities  


Stuck Fuel Element or Can Sleeve Stuck to Element 


figure 5.1-21 (20084-1-1).doc  
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Figure 5.1-22 
Cask Receipt and Return 


figure 5.1-22 (03020-1-1).doc  
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figure 5.1-23 (03020-3-1).doc  


Figure 5.1-23 
Peach Bottom 1 Fuel 
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figure 5.1-24 (03020-4-1).doc  


Figure 5.1-24 
Peach Bottom 2 Fuel 
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03020-2-1    


Figure 5.1-25 
TRIGA Fuel 
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Figure 5.1-26 
Shippingport Fuel 


figure 5.1-26 (03020-5-1).doc  
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Figure 5.1-27 
Canister Closure Area 


 


figure 5.1-27 (03020-9-1).doc  
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figure 5.1-28 (03020-10-1).doc  


Figure 5.1-28 
Dry Store CHM Operation Sequence 
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6.0 GENERATED WASTE CONFINEMENT AND MANAGEMENT 


6.1 ONSITE WASTE SOURCES 


Spent nuclear fuel (SNF) receipt and repackaging activities are scheduled to be completed during the first 
3 years of ISF Facility operation. Subsequent to the initial receipt and repackaging of SNF, there will be 
minimal generation of radioactive waste during SNF storage operations. The generation of gaseous, 
liquid, and solid low-level radioactive waste during SNF receipt and repackaging operations is discussed 
below. 


Liquid and solid low-level radioactive waste is controlled under ISF Facility procedures and will be safely 
contained until disposal in accordance with applicable regulations. The Idaho National Laboratory (INL) 
has facilities to dispose of solid waste. Small volumes of liquid radioactive waste that may be generated 
will be collected and transported to a licensed disposal facility. Radioactive gases released within the ISF 
Facility are drawn through the facility’s heating, ventilation, and air conditioning (HVAC) system. The 
HVAC system provides filtration of the gaseous effluent to remove airborne particulates and discharges 
the effluent through a monitored release point to ensure that these effluents do not exceed the limits of 
10 CFR 20 or 10 CFR 72. 


The ISF Facility waste storage and management systems have been designed and will be operated so that 
during normal operations and anticipated occurrences, (1) dose to the general public will not exceed 
regulatory limits, (2) exposure to facility personnel is maintained As Low As Reasonably Achievable 
(ALARA), and (3) the production of waste and pollution is minimized. Records of accidental spills or 
other unusual occurrences involving the spread of contamination in and around the facility will be 
maintained in order to support future decommissioning activities. 


6.1.1 Gaseous Waste 


ISF Facility operations will not result in significant amounts of gaseous radioactive effluents. SNF 
handled and stored at the ISF Facility, as described in Section 3.1.1, consists predominantly of SNF that 
has been in storage for long periods. Over 98 percent of the SNF (measured by the percentage of total 
heavy metal) comes from the Peach Bottom and Shippingport reactors. These reactors ceased operation in 
1974 and 1983, respectively. The remainder of the SNF comes from various TRIGA reactors and varies in 
age. Thus, much of the radioactive gases generated within the SNF during reactor operations have 
decayed. Remaining radioactive gases within the SNF have had ample opportunity to escape from the fuel 
via migration from the fuel matrix and leakage from existing fuel cladding. However, it is possible that 
initial SNF handling and packaging operations at the ISF Facility could result in the release of small 
amounts of additional radioactive gases. There are three locations inside the ISF Facility where these 
gases could be released: 


• Transfer Tunnel during venting of the Transfer Cask after its receipt  


• Fuel Packaging Area (FPA), where gas could be released from the fuel during SNF repackaging 
operations 


• Canister Closure Area (CCA), where gas could be removed from the canister during vacuum 
drying activities 
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The initial SNF receipt and repackaging operations are scheduled to occur during the first 3 years of 
facility operation. Radioactive gases are not released during subsequent SNF storage operations. Once the 
SNF is repackaged and placed into storage, it is contained within redundant confinement boundaries (i.e., 
the welded ISF canisters and the bolted, dual seal rings sealed storage tube assemblies). The storage tube 
seals are periodically monitored to ensure continued seal integrity during storage. 


Small quantities of hydrogen gas may be produced by the radiolytic decomposition of aqueous solutions. 
The potential conditions for the production of hydrogen gas could exist; (1) in the liquid radioactive waste 
storage tanks where small quantities of radioactive material may be present in an aqueous solution, or, 
(2) in the Transfer Cask where small amounts of moisture might be present along with the SNF. 


The ISF Facility is equipped with a standby diesel generator for use during loss of normal electrical 
power. However, this generator is located outside of the ISF Facility building and combustion products 
produced during generator operation are discharged directly to the atmosphere and will not impact the ISF 
Facility HVAC system. 


6.1.2 Liquid Waste 


Liquid radioactive waste may be generated at the ISF Facility during non-routine decontamination 
activities, or as a result of sprinkler and firefighting water. The liquid waste processing system is designed 
for the safe collection and temporary storage of waste. Collected liquid waste is then transferred for 
disposal by DOE on the INL or to a mobile services contractor, which delivers waste to a licensed 
treatment facility. The ISF Facility does not generate liquid radioactive waste during normal operations. 


Typical decontamination operations involve only small amounts of water and wiping with cloth or paper 
wipes. This method does not generate free liquid waste, and minimizes the potential for the spread of 
contamination. 


Liquid waste from non-routine activities may be collected at the following seven locations within the ISF 
Facility: 


• personnel safety shower/eye wash located in the operation area, where water may be used for 
washdown in a personnel emergency 


• Solid Waste Processing Area (SWPA), where water may be used for decontamination of 
equipment and components used in the solid waste processing system 


• Transfer Tunnel (including the rail cutouts that extend into the CRA), where water may be used 
for decontamination activities associated with the trolleys, ISF Canister, and Transfer Cask, and 
where sprinkler discharge and firefighting water collects 


• CCA, where water may be used to decontaminate equipment or as part of non-destructive 
examinations of ISF canister welds 


• workshop, where water may be used for operational decontamination activities or eye washing in 
a personnel emergency 


• a sump located in the Liquid Waste Storage Tank Area that allows filtration and collection of 
spilled or wash water to be transferred to the 5000-gallon liquid waste storage tank 


• ventilation system exhaust stack condensate. 
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Liquid waste collection facilities are also provided in other areas to facilitate future decontamination and 
decommissioning activities. 


Liquid waste generated inside the ISF Facility is collected and stored in one of two liquid waste storage 
tanks until disposed of. The liquid radioactive waste is either disposed of by DOE on the INL or offsite 
via a mobile services contractor that delivers filter/waste contaminants to an approved treatment/disposal 
facility in accordance with local, state, and Federal transport regulations, including the requirements 
defined in DOE Order 5480.3, Packaging and Transportation Safety, and Title 49 CFR 173, Shippers-
General Requirements for Shipments and Packagings (Refs. 6-1 and 6-2). 


6.1.3 Solid Waste 


Most of the solid waste generated in the FPA is a result of repackaging the SNF. Typical solid waste 
generated outside the FPA is process-generated waste and consists of paper, rubber, plastic, rags, 
machinery parts, tools, vacuum cleaner debris, welding materials, and high-efficiency particulate air 
(HEPA) filters. This process-generated waste is generated in areas such as the HVAC area, Cask Receipt 
Area, Transfer Tunnel (including cask decontamination zone), and CCA. Solid waste generated inside the 
ISF Facility is handled through the solid waste processing system located in the SWPA and disposed of in 
accordance with DOE/ID-10381, Idaho National Engineering and Environmental Laboratory (INEEL) 
Reusable Property, Recyclable Materials, and Waste Acceptance Criteria (RRWAC) (Ref. 6-3). 


The purpose of the solid waste processing system is to safely handle, package, and temporarily store solid 
waste pending its transportation. Handling and packaging activities may include size reduction, 
consolidation, and segregation of radioactive solid wastes. The RRWAC identifies DOE-regulated 
disposal packaging and shipping requirements. Waste is characterized and analyzed prior to shipment for 
disposal to ensure it meets DOE’s waste acceptance criteria.  


Solid waste is packaged in either a disposal bin or drum. The disposal bin will be used for the disposal of 
large pieces such as the original fuel canisters. Drums are used for the disposal of small waste such as 
process-generated waste or waste that has been size-reduced in the FPA. The maximum radiation limit 
that the RRWAC will accept for a waste container is 500 milliroentgen (mR)/hr at 1 meter from the 
container surface. In general practice, waste containers will be limited to less than 100 mR/hr on contact. 
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6.2 OFFGAS TREATMENT AND VENTILATION 


6.2.1 Radioactive Gaseous Waste 


As discussed in Section 6.1.1, due to the nature and condition of the SNF to be packaged at the ISF 
Facility, most radioactive gases that were readily releasable from the SNF have been released. Therefore, 
there is no significant volume of releasable fission gases remaining in the SNF to be packaged at the ISF 
Facility.  


The HVAC system serves to prevent the accidental release of radioactive material to the environment and 
to keep personnel exposure to radiological hazards ALARA. The design of the HVAC system is such that 
air flows from areas of least potential contamination to areas of higher potential contamination. Gases that 
are released within the ISF Facility are passed through HEPA filters before being discharged through the 
facility HVAC exhaust stack in order to remove airborne particulates and provide for monitoring of 
gaseous effluents. Details of the ventilation and off-gas systems, including the portions of the system that 
are important to safety (ITS), are discussed in Section 4.3.1, Ventilation and Off-Gas Systems. 


SNF handling is conducted inside the FPA within the Transfer Area. HEPA filters are installed inside the 
FPA in the exhaust ductwork to reduce the number of filter change-outs and the associated worker 
radiation dose for the primary filters in the HEPA filter room. The HVAC supply and exhaust systems are 
shown in Figures 4.3-3 and 4.3-4. The HEPA filters within the FPA will be replaced as required and 
transferred to the solid radioactive waste system for disposal. These filters can be replaced using remote 
handling equipment. The primary HEPA filters located in the HEPA filter room are replaced manually 
based upon filter differential pressure readings or on local radiation dose rates. The radiation dose rates 
for filter replacement will be administratively controlled to keep worker radiation exposure ALARA.  


An evaluation of the potential radiological impacts of normal HVAC discharges during SNF handling and 
packaging operations is presented in Section 7.6.3, Estimated Dose Equivalents. Based on the expected 
radionuclide inventory of the SNF to be received at the ISF Facility, the primary gaseous radionuclides of 
concern are 129I, 85Kr, and 3H. As shown in Section 7.6.3, the radiological impact of potential gaseous 
effluents to the maximally exposed individual at the controlled area boundary is approximately 3x10-5  
mrem/yr, a very small fraction of the dose limit to members of the public of 10 mrem/yr established in 
10 CFR 20.1101. 


6.2.2 Non-Radioactive Gases 


Liquid Radioactive Waste Storage Tanks 


As discussed in Section 6.1.1, small quantities of hydrogen gas may be produced by the radiolytic 
decomposition of aqueous solutions in the liquid radioactive waste storage tanks. Liquid wastes at the ISF 
facility are anticipated to contain about 0.01 μCi/ml of soluble radionuclides. The decay energy of these 
radionuclides is generally less than 0.01 W/Ci. The ability of aqueous radionuclide solutions to generate 
hydrogen gas has been extensively studied (Ref. 6-4), and “G-values” have been developed to relate 
solution decay energy to hydrogen gas production. For beta and gamma irradiation of pure water 
solutions, the G-value is 0.44 molecules/100 eV (4.57x10-8 mol/J). This value is anticipated to be 
conservative for the ISF Project, because the liquid wastes will not be contaminated with significant 
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amounts of organic materials (which tend to increase the G-value), and may contain other ionic species 
that tend to depress the G-value (e.g., nitrates). 


The hydrogen generation rate of an aqueous solution is given by the relationship: 


(mol Gas per second)/mL Solution = (Solution Concentration)*(Decay Energy)*(G-Value) 


Assuming a 0.01 μCi/ml solution concentration, a decay energy of 0.01 W/Ci [= 1x10-8 (J/s)/uCi], and the 
above G value, the hydrogen production rate within the liquid radioactive waste tank will be about 
4.57x10-18 mol/sec-ml, or 1.02 x 10-13 Liters gas/Liter solution-sec at standard conditions (22.4 Liters 
Gas/mol at atmospheric pressure and 273oK). At the highest normal operating temperature within the 
liquid waste tank area of 90oF (305oK), this equates to 1.14x10-13 Liters gas/Liter solution-sec 
[=(1.02x10-13)(305/273)]. This calculation is conservative, as it assumes all of the decay energy is used 
for radiolysis of the water, and that none of this gas is soluble in the solution. 


If the 5000-gallon (18,925 L) liquid waste storage tank contains 4999 gallons of liquid waste (18,921 L), 
the gas generation rate would be 2.16x10-9 Liters gas/second [=(1.14x10-13)(18,921)], or 0.068 Liters 
gas/year. To generate a flammable atmosphere within the waste tank (4 percent hydrogen), the solution 
would need to generate 0.04 gallons (0.15 L) of hydrogen. Therefore, it would take approximately 
2.2 years for the solution to generate enough hydrogen to form a flammable mixture in a completely full 
waste tank with no ventilation. A similar analysis performed for the 500-gallon liquid waste storage tank 
would demonstrate it would take approximately 22 years to generate a flammable mixture. Therefore, 
because the tanks are passively vented, this is not considered a credible operational event and no 
provisions for the control of hydrogen gas concentrations in the liquid radioactive waste storage tank are 
necessary. 


Transfer Cask 


SNF received at the ISF Facility is not expected to contain significant amounts of free water. However, 
moisture entrained in the SNF or the cask atmosphere could potentially provide a source of hydrogen 
generation. During Transfer Cask receipt operations, the Transfer Cask internal atmosphere will be 
sampled for acceptable flammable gas concentrations before removal of the Transfer Cask lid.  
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6.3 LIQUID WASTE TREATMENT AND RETENTION 


Liquid waste collects in local sumps in the Transfer Tunnel, CCA, SWPA, and Liquid Waste Storage 
Tank Area. Liquid waste is transferred to one of two liquid waste storage tanks using the mobile pump 
unit (MPU). Particulate matter is expected to be a significant contributor of radionuclide sources. 
Therefore, the MPU includes a cartridge filtration unit. Filter housings are monitored and the filter 
cartridges are disposed of as solid waste. Filters are changed based on the external dose rates on the 
housings in accordance with ALARA principles. The filter cartridges are packaged in adsorbent and free 
water is solidified using a solidification agent, if required. 


Liquid waste generated in the workshop gravity drains directly to the 5000-gallon liquid waste storage 
tank via piping (drain lines) from the decontamination sink and emergency eyewash station. Drains 
include traps to eliminate the spread of contamination from fugitive emissions from the waste tank 
through the drain lines and to maintain proper ventilation flow. 


A sump near the emergency decontamination shower in the Operations Area locally collects personnel 
decontamination liquid waste. This water gravity drains to the 500-gallon liquid waste storage tank. 


To accommodate waste generated during future decontamination and dismantlement (D&D) activities, the 
first floor of the FPA is sloped to a sump in the southwest corner of the area. Similarly, the fuel handling 
machine (FHM) Maintenance Area is provided with a floor sloped to a sump at the southeast corner of the 
area. Process water and drain lines are provided with flanges or plugs external to the walls of these areas. 


The liquid waste system contains a transfer pump that can be used to transfer the contents from either of 
the storage tanks to a tanker truck for processing or disposal either by DOE on the INL or offsite. The 
transfer pump may also be used to transfer the stored liquid between storage tanks. 


The 5000-gallon and 500-gallon liquid waste storage tanks collect and store the liquid radioactive waste for 
disposal on the INL by the DOE or transportation off site by a licensed mobile-services contractor. Tank 
sizes were based on assumed waste generation rates and physical constraints (e.g., size of the Liquid Waste 
Storage Tank Area and volume of waste that may be transported by tanker). The assumed generation rate 
results in a conservative volumetric estimate because water is only used for non-routine decontamination 
activities. If not disposed of on the INL, the waste will be transported to a licensed facility for treatment or 
disposal. If necessary to meet transportation requirements of 49 CFR 173, the wastewater will be treated 
onsite by a mobile-services contractor before transport of the wastewater (Ref. 6-2). The complete liquid 
waste storage system is shown schematically in Figure 6.3-1.  


A building ventilation exhaust grille near the storage tank overflow/vent lines provides ventilation for the 
Liquid Waste Storage Tank Area.  


After liquid radioactive waste transfer operations are conducted using either the MPU or transfer pump, 
facility personnel manually check the dose rate on the particulate filter with hand-held radiation monitoring 
equipment. When the dose rate is approximately 50 mR/h at 1 foot, ISF Facility personnel change the 
particulate filter. The used filters are bagged at the local sumps and then taken to the SWPA for temporary 
storage. The filters may also be changed based on pressure differential across the filter media. 
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Rainwater run off, and snow and ice melt from the exterior of the ISF Facility, do not come into contact 
with the interior of the facility; therefore, collection and storage of this liquid as radioactive waste is not 
required. 


6.3.1 Design Objectives 


The design life of the ISF Facility is 40 years. Components of the liquid waste storage system will be 
maintainable over this lifespan; however, this may include long-term replacement of major components. 
Maintenance requirements were minimized because the components may contact and retain radioactive 
contamination. 


The liquid waste storage system is protected from the external environment by the floor, roof, and walls 
of the Liquid Waste Storage Tank Area. Based on the design criteria for the building, there are no normal 
or off-normal wind loads inside the Liquid Waste Storage Tank Area. Anticipated dust levels are at or 
below ambient conditions of 30 ug/m3. Little or no corrosive agents (liquid or gaseous) are expected. In 
the Liquid Waste Storage Tank Area, the normal ambient temperature range is 50oF to 90oF and the 
minimum/maximum operating temperature is 32°F and 104°F, respectively. 


The components of the liquid waste storage system are sized and designed for continuous storage or 
intermittent duty for liquid radioactive waste operations. The equipment used for collecting liquid waste 
materials is pneumatically powered. For the purpose of equipment design, radiation levels experienced by 
the liquid waste storage system during operation are less than 20 mR/hr at 1 foot. 


The liquid waste sumps, piping, transfer pump, and the MPU may retain radioactive particles. Design 
considerations include sump, piping, and pump configurations, which minimize holdup of radioactive 
material and personnel exposure. Operating procedures ensure that sufficient decontamination water is 
used to mobilize the particulates in the piping system. In addition, the design includes the capability to 
flush the system. 


The liquid waste storage tanks will retain radioactive material. Design considerations include tank and 
valve configurations that minimize entrapment of radioactive particles and minimize personnel exposure. 
Operating procedures ensure that particles are mobilized when removing liquid. 


The MPU and the transfer pump will concentrate radioactive particles on filter media. Design 
considerations include dose rates resulting from expected mass concentration of radioactive particles on 
filter media. Periodic monitoring of dose rates on the filter media is conducted as a routine operation 
when the equipment is in use. 


Though not specifically designed to collect and treat sprinkler discharge and firefighting water, should a 
discharge occur, this water collects in local sumps or the Transfer Tunnel and the rail cutouts that extend 
into the CRA. The water can then be transferred to the collection tank, sampled, and shipped off site in 
the same manner as decontamination-generated, liquid radioactive waste. Depending on the volume of 
discharge this process may be repeated until the entire volume of discharged water has been collected and 
disposed of. 
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6.3.2 Equipment and System Description 


The penetrations into the first floor future area of the FPA and the penetration into the FHM Maintenance 
Area form a part of the confinement boundary and are ITS. None of the remaining liquid waste storage 
system components perform ITS functions; therefore, they are classified not important to safety (NITS). 


Process equipment includes cartridge type particulate filters, piping, a 5000-gallon and 500-gallon liquid 
waste storage tank, a transfer pump, and the MPU. The locations of the liquid waste treatment equipment 
are shown in Figure 6.3-2. 


Local sumps are integral to the concrete structure and coated with an architectural coating similar to the 
coating used in the remainder of the area. The sumps are nominally 3 feet by 3 feet with a sloping bottom 
to a flat spot with a maximum depth of 1 foot (the approximate volume is 40 gallons per sump). There are 
also six sumps in the Transfer Tunnel (three in the Transfer Area and three in the Cask Decontamination 
Zone). 


The MPU is a cart- or skid-mounted system containing the MPU pump, cartridge filter, pressure gauges, 
and associated piping components with an integral stainless steel drip pan. The MPU pump is an air-
operated, double-diaphragm pump (approximate maximum capacity of 20 gpm), which is operated using 
facility service air. The pump is equipped with a discharge pressure gauge. The filter located on the MPU 
is a nominal 10-micron cartridge filter contained within a stainless steel housing. The filter is equipped 
with a differential pressure gauge. Piping components on the MPU are stainless steel, designed and 
fabricated in accordance with ASME B31.3 (Ref. 6-5). 


A 5000-gallon and 500-gallon, vertical, stainless steel liquid waste tank is located south of the SWPA and 
west of the Transfer Tunnel. These tanks are designed and fabricated in accordance with API-620 
(Ref. 6-6). The storage tank is equipped with an electrically operated agitator and a sampling point to 
ensure that representative liquid waste samples can be collected for analysis.  


The transfer pump, which is used to transfer the contents of liquid waste storage tanks, is a permanently 
mounted, electrically powered pump with a minimum capacity of 86 gpm at 20 feet of head. The outlet of 
the transfer pump is directed through a particulate filter cartridge that is fitted with a differential pressure 
gauge. 


The Liquid Waste Storage Tank Area is below grade, providing an effective containment of 9700 gallons 
in the event of a tank failure or spill. A sump for the Liquid Waste Storage Tank Area allows for the 
collection and return of spilled waste or decontamination solutions to either tank. 


A concrete pad with curb immediately south of the Liquid Waste Storage Tank Area serves as a loading 
area for the liquid waste transport tanker. 


6.3.3 Operating Procedures 


Plant-specific maintenance and operating procedures for the liquid waste storage system are developed 
and maintained by incorporating manufacturers’ manuals and instructions for commercial items. 
However, the overall operational procedure is part of the facility operations procedures and not a part of 
the individual component operating procedures. Facility operating procedures will include appropriate 
action limits based on tank level and dose rates to ensure that operations are ALARA and adequate tank 
capacity is maintained. 
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6.3.4 Characteristics, Concentrations, and Volumes of Liquid Wastes 


It is estimated that no more than 4700 gallons of liquid radioactive waste will be generated each year from 
decontamination activities. This estimated annual volume was derived by assuming water usage in the 
workshop operations area. Table 6.3-2 provides a breakdown of the activities and volumes of water 
assumed for this estimate. The liquid waste physical characteristics consist of dilute aqueous solution of 
soluble radioactive isotopes, with the exception of 60Co, which will be either captured in a mobile liquid 
waste pumping unit filter or transferred as particulate to a liquid waste storage tank. 


The liquid waste chemical characteristics are estimated to consist of soluble radioactive isotopes at a total 
concentration of approximately 0.01 uCi/ml. Individual isotope concentrations in Ci/gm of solution are 
presented in Table 6.3-1. It is likely that the gases 3H, 129I, and 85Kr will escape to some extent before 
collecting in liquid waste; however, these gases have been included in liquid waste calculations for 
conservatism. 


The estimated volume of liquid radioactive waste generated relative to the amount of SNF received 
during the 3 years of initial SNF receipt and packaging operation is shown below: 


• year 1 = 160 gallons per metric ton of spent fuel 


• year 2 = 174 gallons per metric ton of spent fuel 


• year 3 = 122 gallons per metric ton of spent fuel 


The estimated volume of liquid radioactive waste generated relative to the amount of spent nuclear fuel 
received was derived by dividing the annual volume of liquid waste by the annual metric tons of SNF 
processed. The annual metric tons of SNF processed were based on SNF technical data and fuel delivery 
rates originally stipulated by the since terminated FWENC/DOE Contract (Ref. 6-7). 


Radioactive decay within the water volume in the liquid waste storage tanks will not generate a 
significant temperature difference relative to the surrounding air temperature. 


6.3.5 Packaging 


ISF Facility personnel change the particulate filter cartridges used on the MPU or transfer pump when the 
dose rate is approximately 50 mR/hr at 1 foot. These filters are bagged at the point of use, then taken to 
the SWPA for temporary storage. The filter cartridges are packaged in adsorbent and free water is 
solidified using a polymer solidification agent. 


6.3.6 Storage Facilities 


Liquid radioactive waste is stored in the liquid waste storage tanks until transfer to the mobile services 
tanker for transport to either DOE for disposal on the INL or a licensed treatment disposal facility. 


MPU and transfer pump filters are bagged at the point of use and taken to the SWPA for temporary 
storage. No special storage area is needed other than that already provided for other process-generated 
waste. 
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6.4 SOLID WASTE 
During operation of the ISF Facility, low-level solid waste is generated in several areas such as the FPA, 
HVAC Area, Cask Receipt Area, Transfer Tunnel including canister decontamination zone, and CCA. 
These wastes are collected and taken to the SWPA for processing in the solid waste processing system. 
After processing through the solid waste processing system, site-generated, low-level solid waste is sent 
to the RWMC. No Resource Conservation and Recovery Act (RCRA) mixed wastes are expected to be 
generated at the ISF Facility. The low-level solid waste will be disposed at either INL onsite facilities or 
other approved low-level waste disposal site. 


The low-level solid waste generated at the ISF Facility is classified into three types: large canister waste, 
small canister waste, and process-generated waste. The canister waste includes large and small canisters 
used to deliver SNF to the ISF Facility. The Shippingport, Peach Bottom 2, and TRIGA fuel handling unit 
(FHU) canisters and their internal components will be processed through the solid waste processing 
system. The Peach Bottom 1 canisters will be returned for reuse. The Peach Bottom 1 cans will be 
processed through the solid waste processing system. Process-generated waste includes other materials 
generated in the process of operating the ISF Facility. 


Large Canister Waste 


Large canister waste consists of carbon steel, aluminum, or stainless steel cylinders ranging from 18 to 
25 inches in diameter and up to 158 inches long. In addition, Shippingport canister waste will contain 
support rings, internal runners (flat bars), runner supports, a landing plate, and crush plates. One 
Shippingport canister will contain a tube bundle and support plate. The weight of the largest single 
canister and internal components (Shippingport tube bundle) is approximately 3315 pounds. The large 
canister interior walls are surveyed in the FPA. Canisters that are above the predetermined dose limit are 
placed aside for cleaning and/or sectioning in the FPA. A limit of 50 mR/hr is used to segregate canisters 
in the FPA for cleaning and/or sectioning. 


The large canister waste is moved from the FPA to the SWPA through the canister waste port. During 
transfer of waste materials from the FPA to the SWPA, with a waste port open, the airflow path is 
blocked to allow no more than a 2-inch gap in the annulus between the waste port and the object being 
transferred. The exterior surfaces of the large canisters are surveyed by area monitors while being lowered 
through the canister waste port. Additionally, the exterior walls of the large canisters are surveyed with a 
hand-held monitor as they are removed from the tipping hopper. 


The large canisters are placed in the tipping hopper, tipped horizontally by a winch, moved to the band 
saw by an overhead rail-mounted chain hoist, sectioned with a semi-automatic band saw, moved manually 
by a roller conveyor, and moved/placed by an overhead rail-mounted hoist into a steel disposal bin. The 
Shippingport container components described above are removed from the canisters and clamped as a unit 
for cutting in the saw. The waste port, tipping hopper, winch, band saw, roller conveyors, and waste bin 
are enclosed within the SWPA. 


The tipping hopper winch capacity is based on the waste component producing the greatest cable tension. 
The band saw is designed to securely hold and efficiently cut the range of materials and sizes. The band 
saw cutting methodology minimizes the spread of chips and dust. The band saw blade hood is fitted with 
a hose connection for attachment to the local exhaust ventilation.  
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The band saw is semi-automatic (i.e., the cutting operation and shutdown of the blade occur without 
required operator attendance). The band saw self-contains the required cutting fluid, which is non-
flammable and aqueous-based. A port near the area of maximum expected particulate generation is 
provided for fitting of a flexible hose for connection to the local HEPA-filtered exhaust ventilation 
system. (Note: The cutting components discussed in this section require periodic decontamination with 
water. The collection and processing of this water is discussed in Section 6.3.) 


The roller-conveyors and hoists are capable of handling the largest single waste component weight, which 
is approximately 3315 pounds. The capacity of each of the two hoists is 2 tons, including the manual 
beam-mounted trolley. 


Void space in the waste bins is filled if required by waste acceptance criteria, taking into account the 
maximum final gross weight limit. The waste bins are surveyed, manifested, removed from the SWPA, 
and taken to the INL RWMC. There is only one waste-containing waste bin in use at a time; this bin is 
stored only within the SWPA until ready for transport to the INL RWMC. 


Small Canister Waste 


Small canister waste consists of carbon steel, aluminum, or stainless steel cylinders ranging from 4 to 
5 inches in diameter and up to 143 inches long, and box sections of stainless steel up to 40 inches long. 
The small canister interior walls are surveyed in the FPA. Canisters that are not to be contact-handled are 
placed aside for cleaning and/or sectioning in the FPA. The exterior surfaces of the small canisters are 
surveyed by area monitors while being lowered through the canister waste port. During transfer of waste 
materials from the FPA to the SWPA, with a waste port open, the airflow path is blocked to allow no 
more than a 2-inch gap in the annulus between the waste port and the object being transferred. 
Additionally, the exterior walls of the small canisters are surveyed with a hand-held monitor as they are 
removed from the wastebucket. 


The small canisters are moved from the storage port in the FPA to the SWPA through the canister waste 
port using a multiple-canister wastebucket. The small canister wastebucket is placed in the tipping 
hopper, tipped horizontally with the winch, individual canisters moved to a band saw via overhead rail-
mounted hoist, sectioned with the band saw (if required), moved manually via roller conveyors, and 
moved/placed by a second overhead rail-mounted chain hoist into a waste bin. After the small canisters 
have been removed the wastebucket is returned to the storage port in the FPA. 


Void space in the waste bins is filled as described above for large canister waste processing. The waste 
bin is surveyed, manifested, removed, and taken to the INL RWMC. There is only one waste-containing 
waste bin in use at a time; this bin is stored only within the SWPA until ready for transport to the INL 
RWMC. 


Process-Generated Waste 


Process-generated waste consists of paper, rubber, plastic, rags, machinery parts, tools, vacuum cleaner 
debris, welding materials, and HEPA filters. Process-generated waste is accumulated frequently and 
stored locally. Infrequently generated waste is bagged and taken to the Solid Waste Storage Area after 
generation. 
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Drummed waste is stored in the Solid Waste Storage Area. Waste is segregated at the point of generation 
or when the waste is delivered to the Solid Waste Storage Area. Segregation of waste drums is according 
to compactable/non-compactable/primary/process-generated waste. Each drum is clearly marked and 
placed in a designated location. The compactor and drum storage are in separately enclosed rooms with 
ventilation. 


Process-generated waste processing begins at the point of generation. These points of generation include 
the FPA, HVAC area, Cask Receipt Area, cask decontamination zone, and CCA. At these locations the 
waste is either bagged or drummed as required. From these locations the waste is taken to the SWPA for 
consolidation, segregation, compaction (if required), and packaging into drums. The compactor features 
include HEPA filtration, and a liquid collection system. Process waste from the FPA is taken from the 
waste staging area in the FPA to the SWPA through the process waste port. During transfer of waste 
materials from the FPA to the SWPA, with the waste port open, the airflow path is blocked to allow no 
more than a 2-inch gap in the annulus between the waste port and the object being transferred. The drums 
are surveyed, manifested, and taken to the INL RWMC. The process waste port is also used for large 
equipment delivery into the FPA. 


Process-generated waste is expected to be generated in multiple areas of the facility. Examples of typical 
process-generated waste are described below. 


Spent filter elements will be generated by the HVAC system. Spent filter elements from the HVAC room 
are removed, surveyed, bagged, and taken to the SWPA for storage. Spent HEPA filter elements from 
within the FPA are transferred to the SWPA using remote handling equipment. The Cask Receipt Area 
may generate waste products such as personnel protective equipment (PPE), swipes, cask shrouds, and 
cask bolts. These items are bagged or drummed, taken to the SWPA, and stored in the Solid Waste 
Storage Area. The Transfer Tunnel may generate waste products such as PPE and swipes. These items are 
bagged or drummed, taken to the SWPA, and stored in the Solid Waste Storage Area. The workshop may 
generate waste products such as PPE, swipes, hardware, and tools. These items are bagged or drummed, 
taken to the SWPA, and stored in the Solid Waste Storage Area. The CCA may generate waste products 
such as PPE, weld rods, dye penetrant rags, and eddy current probes. These items are bagged or 
drummed, taken to the SWPA, and stored in the Solid Waste Storage Area. 


Packaging of Waste in the Fuel Packaging Area 


A limit of 50 mR/hr is used to segregate large and small canister waste in the FPA for cleaning and/or 
sectioning. If the interior of a canister is surveyed in the FPA and the dose rate is determined to be above 
this limit, or as the canister is lowered through the waste port plug and the exterior dose rate above the 
limit is detected by the radiation monitoring equipment, then the canister is taken to the worktable in the 
FPA for additional decontamination activities. Additionally, shielded drums in the FPA can be used for 
the collection of canister pieces and process-generated waste during fuel packaging. 


It is assumed that the majority of contamination in a canister will be located at the bottom; therefore, if 
interior contamination above 50 mR/hr is detected, the canister is taken to the worktable and the bottom 
of the canister is removed with the can cutting machine. The bottom of the canister is then placed into a 
shielded drum, and the canister is resurveyed. If interior contamination above the dose rate limit is still 
detected after the bottom of the canister has been removed, then the canister is returned to the worktable 
and a cleaning swab is passed through the interior of the canister. After use, the cleaning swab is placed in 
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the shielded drum and the canister is then surveyed. If interior contamination above 50 mR/hr is still 
detected after the canister has been swabbed, then the canister is returned to the worktable and sectioned 
into pieces. These pieces are then placed into the shielded waste drums and moved to the SWPA. A 
similar cleaning and sectioning process is used if dose rates above 50 mR/hr are detected from the 
exterior of a canister as it is lowered through the waste port. 


6.4.1 Design Objectives 


The design objective of the solid waste processing system is to safely handle, prepare, and package 
low-level radioactive solid waste for delivery to the INL RWMC. This system is designed and operated to 
ensure that radiation exposure to the general public and operating personnel is ALARA. 


The design life of the ISF Facility is 40 years. Components of the solid waste processing system will be 
maintainable over this lifespan. The components of the solid waste processing system are sized and 
designed for continuous duty for processing of waste materials. The components of the solid waste 
processing system will not be operated during off-normal service/operating conditions. Solid waste will 
be stored in appropriate locations until normal service/operating conditions are restored. 


The normal ambient temperature range in both the SWPA and the Solid Waste Storage Area is maintained 
at 70ºF to 80ºF. The maximum operating temperature in the SWPA is 104°F and the minimum operating 
temperature in the SWPA is 32°F. 


For the purpose of equipment design only, the radiation levels experienced by the solid waste processing 
system during operation will be less than 500 mR/hr at 1 meter from canisters, waste containers, or 
drummed waste. Per the RRWAC, this is the limit for low-level waste to be delivered to the RWMC. 


Weight and contamination level limits for disposal bins and drums are determined by the INL RWMC. 


6.4.2 Equipment and System Description 


During opening of the waste ports between the SWPA and the FPA, the SWPA is exposed to the FPA. If 
there is SNF in the FPA, then the waste ports will not be opened unless the following conditions are met: 


• the cask port is closed (i.e., port plug is in place) 


• the canister port is closed (i.e., port plug is in place) 


• SNF within the FPA is stored in designated locations 


• the HVAC system is in operation 


If the HVAC system ceases operation, waste transfer operations will be suspended and the waste ports 
replaced. Both waste ports must be plugged prior to commencing fuel-handling operations. 


The components of the solid waste processing system do not perform ITS functions. Therefore, the safety 
classification of the SWPA components is NITS. The locations of the solid waste processing equipment 
are shown in Figure 6.3-2. 


The SWPA is on the ground level of the transfer building, directly west of the Transfer Tunnel and is a 
radiologically controlled area. The Solid Waste Storage Area is on the ground level of the transfer 
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building, directly west of the Transfer Tunnel and north of the SWPA. These areas are used for 
processing and storage of primary and process-generated waste. The SWPA and Solid Waste Storage 
Area contain the specialty equipment associated with the solid waste processing system. The solid waste 
processing system specialty equipment consists of an overhead, rail-mounted electric chain hoists, semi-
automatic band saw, roller conveyors, canister tipping hopper, drum compactor, area radiation monitoring 
equipment, and an electrically powered forklift. 


The capacity of the overhead hoists, including the manual, beam-mounted trolley is based on the heaviest 
waste component. The hoists are capable of handling the largest single waste component weight, which is 
approximately 3315 pounds. 


The band saw is semi-automatic (i.e., the cutting operation and shutdown of the blade occur without 
required operator attendance). The band saw self-contains the required cutting fluid, which is non-
flammable and aqueous-based. The band saw is designed to securely hold and efficiently cut the range of 
materials and sizes. The band saw cutting methodology minimizes the spread of chips and dust. The band 
saw blade hood is fitted with a hose connection for attachment to the local exhaust ventilation. The 
volume of hydraulic fluids utilized is minimized. 


The roller-conveyors are capable of handling the weight of the largest single waste component, which is 
approximately 3315 pounds. The tipping hopper winch capacity is based on the waste component 
producing the greatest cable tension. The drum compactor features include HEPA filtration and a liquid 
collection system. Area radiation monitoring equipment is located in the SWPA. The forklift is 
electrically operated and rechargeable. 


6.4.3 Operating Procedures 


A 50 mR/hr limit is used to determine if a canister can be transferred to the SWPA for sectioning and 
packaging or if it will be kept in the FPA for cleaning and/or sectioning. 


Plant-specific maintenance and operating procedures will be developed and maintained for the SWPA and 
the solid waste processing system. Solid radioactive waste packaging procedures will be reviewed and 
approved in accordance with Sections 7.5.3 and 9.4.1 of the ISF Facility SAR. 


6.4.4 Characteristics, Concentrations, and Volumes of Solid Wastes 


The estimated volumes of solid waste produced during each year of fuel packaging operation are provided 
below. The volumes of low-level radioactive solid waste were derived from  


1. Technical data on SNF fuel containers and fuel delivery rates originally stipulated by the since 
terminated FWENC/DOE Contract (Ref 6-7), 


2  Estimates of process-generated waste volumes, and  


3  Waste processing experience with packing arrangements and waste container types. 


Process-generated waste volumes were developed by considering specific operations in each area. 
Process-generated waste is produced in the Fuel Packaging Area, Cask Receipt Area, Cask 
Decontamination Zone, Workshop, Canister Closure Area, HEPA Filter Room, Solid Waste Processing 
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Area, Liquid Waste Processing Area, and Operations Area. Table 6.4-1 provides characterization and 
estimated annual activity of principal radionuclides in solid waste for a representative year. 


Table 6.4-2 and Table 6.4-3 provide the estimated volume of primary and process-generated solid waste. 


The maximum volume of primary waste expected to be produced in any one year is 4870 feet3 (138 m3). 
Based on a 4-foot by 4-foot by 8-foot steel storage bin, it will take approximately 23 bins during each of 
the first 2 years of operations and 39 bins during the final year to dispose of primary waste. 


The estimated annual volume of process-generated waste expected to be produced at the ISF Facility is 
1306 feet3 (37 m3) during each of the first 2 years of operations, and 988 feet3 (28 m3) during the final 
year. Based on the use of 55-gallon drums for disposal, it will take approximately 178 drums to dispose of 
the process-generated waste during each of the first 2 years of operation and 134 drums during the final 
year (a 55-gallon drum holds approximately 7.35 feet3 [0.208 m3]). 


HEPA filters from the FPA will be placed into shielded drums in the FPA and lowered into the SWPA. 
HEPA filters from the other filter locations will be surveyed and then placed in either normal drums or 
shielded drums depending upon the contamination level. 


6.4.5 Characteristics, Concentrations, and Volumes of Solidified Wastes 


The sources of solidified waste for the ISF Facility will come primarily from the liquid coolant for the 
band saw used for solid waste reduction (refer to Section 6.4) and from the liquid waste retention tank 
mobile pumping unit cartridge filtration unit (refer to Section 6.3).  


The band saw, used for sectioning primary solid waste, uses a water-based coolant, which is circulated 
through a particulate filter. It is estimated that the filter will be replaced four times per year, and the 
coolant will be replaced once per year. The band saw coolant liquid is a non-flammable aqueous based 
solution that will not result in mixed waste. The band saw coolant may be disposed of as liquid waste or 
processed as solidified waste. Based on estimates of coolant and filter replacement, if the band saw 
coolant is solidified this will result in 11 ft3/yr of solidified waste and the filters will generate an 
additional 2 ft3/yr of solidified waste. The radiological source term for the liquid to be solidified is 
assumed to be the same as the liquid waste (0.01 μCi/ml) as discussed in Section 6.2.1. 


The mobile pumping unit (MPU) and transfer pump each contains a cartridge filtration unit that removes 
particulates during transfer or recirculation of the liquid waste storage tank contents. It is estimated that 
the MPU filter will be replaced 4 times per year and the transfer pump once per year, resulting in an 
estimated 2.5 ft3/yr of solidified waste The radiological source term for the contamination is based upon 
the isotopic mixture of a Peach Bottom Core 2 fuel element (worst case source term). 


The table below provides a summary of the annual volume of liquid waste to be solidified annually: 


Solidified Waste Source Volume 
Band Saw Coolant Filters 2 ft3 
Band Saw Coolant 11 ft3 
Pumping Filters 2.5 ft3 
Total 15.5 ft3 
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As discussed in Section 6.1.3, solidified waste will be transported to the INL Radioactive Waste 
Management Complex (RWMC) for disposal. In order to meet the RRWAC (Ref 6-3) acceptance criteria 
the solidified waste must be reduced to less than 1% free liquid. 


6.4.6 Packaging 


The INL RRWAC contains a list of approved containers that may be used to ship waste to the RWMC. 
DOE will select containers from this list to use for packaging and shipping waste from the ISF Facility. 
After loading with solid waste, the containers will be removed for permanent storage and disposal. 


Solid waste is packaged and delivered to the RWMC in either a disposal bin or drum. The disposal bins 
will be used for the disposal of large pieces such as the original fuel canisters. The drums are used for the 
disposal of small waste such as process-generated waste. The maximum radiation limit that the RWMC 
will accept for a waste container is 500 mR/h at 1 meter from the container surface. 


6.4.7 Storage Facilities 


After a waste container is filled and manifested, the RWMC personnel are contacted to remove the waste 
container. Personnel from the RWMC come to the ISF Facility with the waste transport vehicle, and ISF 
Facility personnel load the waste container onto the vehicle. RWMC personnel then remove the waste 
from the site. After removal from the ISF Facility site, the waste containers are taken to the RWMC. 


Waste containers remain inside the ISF Facility only temporarily, until they are removed from the ISF site 
and transported to the RWMC. Therefore, there is no need for long-term waste storage facilities at the ISF 
Facility and no need to monitor for the effects of corrosion on waste containers. 
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6.5 RADIOLOGICAL IMPACT OF NORMAL OPERATIONS - SUMMARY 


Gaseous radioactive effluents are processed by the HVAC system to remove airborne particulates and 
discharged through a single monitored release point. The potential radiological impacts of these effluents 
are evaluated in Section 7.6.3, Estimated Dose Equivalents. As shown in Section 7.6.3, the radiological 
impact of potential gaseous effluents to the maximally exposed individual at the controlled area boundary 
is approximately 3x10-5 mrem/yr, a very small fraction of the dose limit to members of the public of 
10 mrem/yr established in 10 CFR 20.1101. 


Normal operations of the ISF Facility do not result in the release of liquid radioactive effluents to the 
environment. Small volumes of liquid waste that might result from decontamination activities will be 
collected and stored until transported offsite for disposal at a licensed disposal facility. 


The volumes of solid waste generated during operation of the ISF Facility will have no significant impact 
on the ability of existing INL facilities to handle and process them. None of the waste will be stored for 
long periods of time on the ISF site. As waste is generated it will be removed for disposal. 
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Table 6.3-1 
Estimated Concentrations of Principal Radionuclides in Liquid Waste 


 


Nuclide* Concentration (Ci/gm) 
3H 1.11x10-09 


85Kr 7.75x10-09 
90Sr 1.33x10-10 
90Y 1.33x10-10 


137Cs 1.41x10-10 
137Ba 1.33x10-10 
238Pu 1.57x10-12 


* Concentrations of other radionuclides not listed < 1 pCi/gm 
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Table 6.3-2 
Annual Volume of Liquid Waste 


Location Annual Usage Volume (Gallons) Basis 


Workshop Sink  10 gpd x 365 days/yr = 3,650 Estimated 


Workshop Eyewash 0.4 gpm x 15 min x 12/yr = 72 ANSI Z358.1/Estimated 


Operations Area Decontamination 
Shower 


30 gpm x 10 min x 3/yr = 900 ANSI Z358.1/Estimated 


Operations Area Decontamination 
Drench Hose 


3.0 gpm x 15 min x 12/yr = 540 ANSI Z358.1/Estimated 


 Total = 5,162  
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Table 6.4-1 
Characterization and Estimated Annual Activity of Principal Radionuclides in Solid Waste 


 


Nuclide* Total Annual Activity (Ci) 
3H 2.10x10-01 


60Co 2.41x10-03 
85Kr 1.47x10+00 
90Sr 2.53x10-02 
90Y 2.53x10-02 


224Ra 2.21x10-06 
212Pb 2.21x10-06 
238Pu 2.98x10-04 
212Bi 2.21x10-06 
228Th 2.20x10-06 
241Pu 8.06x10-05 
241Am 8.57x10-06 
134Cs 4.17x10-06 
137Cs 2.67x10-02 


137mBa 2.52x10-02 
147Pm 3.34x10-06 
212Po 1.41x10-06 
216Po 2.21x10-06 
244Cm 5.33x10-06 
151Sm 3.03x10-05 


129I 2.16x10-05 
232U 2.08x10-06 
233U 5.43x10-06 


154Eu 5.16x10-05 
155Eu 5.14x10-06 
220Rn 2.21x10-06 


* Annual quantities of other radionuclides < 1 μCi/yr. 
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Table 6.4-2 
Annual Volume of Primary Solid Waste 


Primary Solid Waste Volume (m3) Basis 


Year 1 


 Peach Bottom 2 FHU/Cask 49.46  Original Contract 


 Peach Bottom 1 FHU/Cask 31.80 Original Contract 


Total Year 1 81.26  


Year 2 


 Peach Bottom 2 FHU/Cask 52.99 Original Contract 


 Peach Bottom 1 FHU/Cask 28.26 Original Contract 


Total Year 2 81.24  


Year 3 


 Peach Bottom 2 FHU/Cask 21.17 Original Contract 


 Shippingport LWBR FHU/Cask 59.98 Original Contract 


 TRIGA FHU/Cask 56.45 Original Contract 


Total Year 3 137.60  
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Table 6.4-3 
Annual Volume of Process-Generated Solid Waste 


Process Generated Solid 
Waste 


Volume 
(m3/yr) Basis 


Failed Equipment 3 Estimated -Includes tackle/tie-downs, cask 
mechanisms, trolley mechanisms, shield door 
mechanisms, band saw blades, liquid decontamination 
pumps 


Hardware 0.48 Estimated – Includes cask bolts and canister lid bolts 


Swabs 4.124 Estimated – Includes FPA canister swabs 


Tyvek PPE 7.4 Estimated – Includes worker/visitor suits , gloves, 
booties, hoods 


Rubber 0.028 Estimated – Includes canister seals, and shield door 
seals 


Plastic 7.2 Estimated – Includes poly tarps, cask covers, and floor 
coverings 


Rags 2 Estimated 


Decanning Blades 0.014 Estimated 


Decanning Motors 0.014 Estimated 


Miscellaneous Decanning Parts 0.014 Estimated 


Manipulator Parts 1.74 Estimated 


Work Table Parts 0.5 Estimated 


FHM Parts 0.93 Estimated – Includes FHM and PMS Parts 


Light Bulbs 0.028 Estimated 


Vacuum Dust 0.02 Estimated 


Small Tools 0.5 Estimated 


HEPA Filters 6.37 FPA – 1.15 m3/yr 


Waste Area – 0.92 m3/yr 


Main Building – 4.3 m3/yr 


Solidified Band Saw Coolant 0.32 Estimated 


Solidified Filters 0.12 Estimated 


Miscellaneous Solid Waste 2.4 Estimated – Includes paint cans, lamps, etc. 


 Total 37.20  
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Figure 6.3-1 
Liquid Waste Processing System Process Flow Diagram 
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Figure 6.3-2 
Waste Area Layout 
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7.0 RADIATION PROTECTION 


7.1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE AS LOW 
AS REASONABLY ACHIEVABLE 


Idaho Spent Fuel (ISF) Facility components, equipment, systems, and buildings have been designed to 
minimize personnel exposure to radiological hazards. The Department of Energy (DOE) has endeavored 
to eliminate radiological hazards where possible and to develop engineered features to minimize worker 
risk where possible. 


Facility and equipment layout affects the potential for radiation exposures. The ISF Facility design uses 
fixed and portable shielding to reduce exposure by isolating radiation sources. Where equipment 
components constitute a substantial radiation source that cannot be effectively reduced in place, features 
that permit the removal of such components for maintenance at remote locations were considered for 
reducing exposures. The ISF Facility design also includes the use of remote-handling features to reduce 
exposure of facility personnel during fuel handling operations consistent with U.S. Nuclear Regulatory 
Commission (NRC) Regulatory Guides 8.8 and 8.10 (Refs. 7-1 and 7-2). 


The ISF Facility Health Physics Program follows the As Low As Reasonably Achievable (ALARA) 
guidelines of Regulatory Guide 8.8 and 8.10 and the requirements of Title 10 Code of Federal 
Regulations (CFR) Part 20, Standards for Protection Against Radiation (Ref. 7-3). The following 
methods will be used to achieve ALARA objectives: 


• maintaining a program to monitor occupational radiation doses ALARA 


• personnel and organizational level ALARA goals, tracking personnel exposure, and maintaining 
associated records 


• allocating the appropriate technical, administrative, and supervisory resources 


• ensuring individual and collective exposures will not exceed the limits recommended for the 
appropriate circumstances 


• controlling access to radiation and radioactive contamination areas 


• using procedures and engineered controls (e.g., ventilation, remote handling, and shielding) and 
monitoring equipment (e.g., continuous air monitors [CAM] and remote area monitors) 


• requiring an ALARA review of procedures and work packages for work activities that involve 
radiological work resulting in 50-millirem (mrem) individual exposure per day, 500-mrem 
collective exposure per day, or entries into high radiation areas where the general area radiation 
levels exceed 100 mrem/hr 


• ISF Facility design that ensures ALARA by minimizing required maintenance operations, 
minimizing radiation levels and operating times, and providing contamination control during 
handling, transfer, and storage of radioactive material 


The effectiveness of the ISF Facility Health Physics Program will be evaluated by annual facility audits. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 7.1-2 


 


  


7.1.1 Policy Considerations 


ISF Facility management ensures that radiation exposure to personnel and the public and releases of 
radioactivity to the environment will be ALARA. 


The ISF site at the Idaho National Laboratory (INL) is a controlled area. The fence surrounding the 
facility buildings (shown in Figure 4.1-1) establishes the restricted area boundary. Entrance to the 
restricted area is either through the guard house for personnel, or through the adjacent vehicle access gate. 
The purpose is to limit access by non-ISF personnel to protect them from undue risk from exposure to 
radiation and radioactive materials. Personnel will be provided radiation exposure monitoring devices 
before entering and working in restricted areas of the facility. Visitors will be monitored in accordance 
with radiation protection procedures before entering the restricted area or any radiologically controlled 
area in the facility. Visitors are not allowed in areas of airborne radioactivity or contamination. 


It is ISF Facility management policy to maintain occupational radiation exposure ALARA. Personnel will 
be aware of this commitment through an integrated program of employee training, procedural reviews, 
administrative exposure controls, engineering controls, and annual exposure reviews. Facility personnel 
will be committed to maintaining personnel exposures within regulatory limits and ALARA. Work 
processes that have the potential to expose workers to radiation or radioactive materials will be reviewed 
by the ISF Facility Safety Officer to ensure that any exposures or releases are ALARA. 


ISF Facility management responsibilities include the following: 


• Establish and administer a program of occupational radiation controls and safety to minimize the 
exposure of facility personnel to ionizing radiation. 


• Ensure that personnel responsible for performing radiological work activities are appropriately 
trained in the facility ALARA Program. Standards are established to ensure the technical 
competency of personnel through implementation of standardized and mandated radiological 
training and development programs, as appropriate. Section 9.3 discusses the ISF Facility training 
program. 


• Ensure the technical competence of personnel responsible for implementing and overseeing the 
radiological control program. An appropriate level of technical competence gained through 
education, experience, and job-related technical and professional training is a critical component 
for achieving the goals of radiological control. Qualification requirements commensurate with 
this objective are established for technical and professional radiological control program 
positions. The requirements are consistent with applicable industry standards and promote 
professional development and excellence in radiological performance. 


• Establish and maintain, from the lowest to the highest levels, line management involvement and 
accountability for departmental radiological performance and goals. The responsibility for 
compliance with radiological protection requirements, and for minimizing personnel radiation 
exposure, starts at the worker level and broadens as it progresses upward through the line 
organization. The ISF Facility managers will be fully responsible for radiological performance 
within their programs and will take necessary actions to ensure that requirements are 
implemented and that performance is monitored and corrected as necessary. 
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• Ensure that radiological measurements, analyses, personnel monitoring results, and estimates of 
public exposures are accurate and appropriately made. The capability to accurately measure and 
analyze radioactive materials and workplace conditions, and determine personnel radiation 
exposure is fundamental to the safe conduct of radiological operations. 


• Conduct radiological operations in a manner that controls the spread of radioactive materials and 
reduces radioactive exposure to personnel and the public, and uses a process that seeks to 
maintain exposure levels ALARA. Radiological operations and activities will be preplanned to 
allow for the effective implementation of dose and contamination reduction and control measures. 
Operations and activities include reasonable controls directed towards reducing exposure, 
preventing the spread of radiological contamination, and minimizing the generation of 
contaminated wastes and the release of effluents. 


• Conduct oversight to ensure strict compliance with regulatory requirements regarding procedures, 
radiation exposures, and release of radioactive materials. 


7.1.2 Design Considerations 


The ISF Facility design incorporates design features and improvements from previously constructed 
independent spent fuel storage installations such as the Fort St. Vrain facility in Colorado. Section 4.2 
discusses the ISF design features and layout. The ISF Facility design ensures ALARA by minimizing 
required maintenance operations, minimizing radiation levels and operating times, and providing 
contamination control during handling, transfer, and storage of radioactive material. Specific design 
features of the ISF Facility for ensuring ALARA include: 


• concrete shield walls in the Transfer Tunnel and Fuel Processing Area (FPA) that minimize the 
onsite and offsite dose 


• concrete shield plugs used to reduce the dose to personnel during canister transfer, storage, and 
maintenance operations 


• heavy shielded transfer trolley for handling and transfer operations to ensure that the dose to 
personnel and the general public is minimized 


• remote handling technology to minimize direct and scattered radiation exposure from fuel 
handling operations 


• fixed and portable shielding to minimize direct and scattered radiation exposure 


• passive storage system design for long-term storage that requires minimal maintenance 


• proven procedures and experience to control contamination during canister handling and transfer 
operations 


• automatic welding system for canister closure weld 


• shielded canister handling machine (CHM) for loading ISF canisters into storage tubes 


• shielded area for fuel handling machine (FHM) maintenance 


• high efficiency particulate air (HEPA) filters in the FPA that are remotely replaceable 
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During facility design the ALARA program plan provided direction to project design engineers and 
cognizant reviewers for proper implementation of radiological safety principles and as ALARA 
philosophy into the facility design. A series of checklists specific to engineering and design discipline 
were compiled to address the ALARA design guidelines in these Regulatory Guides 8.8 and 8.10. Design 
features were evaluated against the applicable checklist(s) to help identify choices between otherwise 
comparable alternatives affected by ALARA considerations for reduction of collective doses from direct 
radiation. Choices included shielding thickness of facility walls, shielding of the canister trolley, and 
shielding of the canister handling machine. One example is the thickness of the storage vault wall 
adjacent to the transfer tunnel. Initial shielding calculations showed that controlling the placement of 
loaded canisters in the storage vault with a vault wall of three foot of concrete will provide an equivalent 
reduction in collective dose from direct radiation through the vault wall as a four foot concrete wall. 


The ISF Facility has areas designed specifically for decontamination of equipment (e.g., cask 
decontamination area). Section 4.4, Decontamination Systems, summarizes the expected equipment 
decontamination operations. Concrete floors and other surfaces that have the potential to be contaminated 
will be sealed to minimize entrainment of contamination and to facilitate decontamination. General 
facility areas found to have removable contamination activity greater than the limits identified in 
Section 7.5 will be controlled as contamination areas or decontaminated using standard techniques. 


Regulatory Position 2 of Regulatory Guide 8.8 is incorporated into design considerations, as described 
below (Ref. 7-1): 


• Regulatory Position 2a on access control is met by use of a fence with a controlled access gate 
that surrounds the ISF site area and barriers within the ISF Facility, which prevent unauthorized 
access. 


• Regulatory Position 2b on radiation shielding is met by the heavy shielding of the Transfer Cask, 
shielded canister trolley, and shielded CHM, which minimizes personnel exposures during 
Transfer Cask reception, canister transfer, and placement into canister storage. The designs of the 
Storage Area air inlet and outlet ducts prevent direct radiation streaming. The FPA, Storage Area, 
and Transfer Tunnel have thick concrete walls designed to shield personnel in adjacent areas from 
high dose rates that could be associated with spent fuel transfer, packaging, and storage 
operations. 


• Regulatory Position 2c on process instrumentation is met using an integrated data collection 
system (IDCS). The IDCS consists of a computer-based system capable of monitoring, recording, 
and reporting data provided by systems throughout the facility. The purpose of the IDCS is to 
provide a centralized collection point for data generated by systems, instrumentation, and 
monitors throughout the ISF Facility. 


• Regulatory Position 2d on control of airborne contaminants is met by providing protection against 
airborne radioactive material using engineering controls. The ventilation system design 
incorporates HEPA filters within the ventilation ducting to minimize the spread of contamination 
through the ventilation system. Maintaining air pressure gradients and airflow from areas of low 
potential airborne contamination to areas of higher potential contamination minimizes the spread 
of airborne contamination. A confinement boundary is established to minimize the spread of 
airborne contamination from facility areas where fuel is directly handled to adjacent areas. 


• Regulatory Position 2e on crud control is not applicable because there are no systems that 
produce crud. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 7.1-5 


 


  


• Regulatory Position 2f on decontamination is met by including redundant ventilation capabilities 
to allow isolation of components for servicing. Surfaces of the FPA, Transfer Tunnel, Canister 
Closure Area (CCA), and Solid Waste Processing Area (SWPA) walls and floors are painted with 
a special paint that is easily decontaminated. 


• Regulatory Position 2g on radiation monitoring is met with the use of area radiation monitors 
(ARM) for monitoring general area dose rates. Continuous air monitoring (CAM) will be located 
throughout the facility to provide prompt warning of airborne radioactivity. A criticality 
monitoring system will be located around the FPA to provide prompt warning of a criticality 
event. 


• Regulatory Position 2h on resin treatment systems is not applicable to the ISF Facility because 
there will not be any radioactive systems containing resins. 


• Applicable portions of Regulatory Position 2i concerning other miscellaneous ALARA items is 
met through ISF Facility design features that provide a favorable working environment to 
promote work efficiency (paragraph 2i[13]). These include adequate lighting, ventilation, 
working space, and accessibility. 


• Regulatory Position 2i(15) is met because the emergency lighting system is adequate to permit 
prompt egress from any high radiation areas if the facility lighting fails. 


7.1.3 Operational Considerations 


ISF Facility management’s policy is to keep occupational radiation exposures ALARA. Therefore, ISF 
Facility operations personnel will follow specific plans and procedures to ensure that ALARA goals are 
achieved consistent with the intent of NRC Regulatory Guides 8.8 and 8.10 and the requirements of 
10 CFR 20, Subpart C (Refs. 7-1, 7-2, and 7-3). Section 5.2, Spent Fuel Handling Systems, discusses the 
operations and maintenance at the ISF Facility. 


Operations and maintenance activities that could involve significant radiation exposure of personnel will 
be carefully planned. They will use previous operating experience and will be carried out using trained 
personnel and proper equipment. Where applicable, formal ALARA reviews will be prepared that specify 
radiation exposure reduction techniques, such as those set out in NRC Regulatory Guide 8.8. 


Regulatory Position 4 of Regulatory Guide 8.8 will be met by the following: 


• a low-radiation background counting room with the following counting room instrumentation 
available to support facility personnel protection and to ensure that both exposures and releases 
are ALARA: multi-channel gamma pulse height analyzer (e.g., high-purity germanium [HPGe] 
for material protection measurements, low-background alpha-beta radiation proportional or 
scintillation counter, end-window G-M counters, and liquid scintillation counter (Table 7.1-1) 


• portable instrumentation available to radiation protection personnel measuring dose rates and 
radiation during facility operations (Table 7.1-2) 


• personnel monitoring instrumentation available including G-M friskers, direct reading pocket 
dosimeters, alarming dosimeters, thermoluminescent dosimeter (TLD) badges, hand and foot 
monitors and portal monitors (Table 7.1-2) 
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• protective equipment available, including anti-contamination clothing and respirators, for facility 
personnel 


Regulatory Guide 8.10 will be incorporated into the ISF Facility operational considerations as described 
below: 


• Facility personnel will be aware of management’s commitment to keep occupational exposures 
ALARA. 


• Periodic formal reviews will be performed to determine how exposures might be lowered. 


• There is a well-supervised radiation protection staff with well-defined responsibilities. 


• Facility workers receive sufficient training. 


• The Facility Safety Officer has authority to enforce safe facility operation. 


• Operating and maintenance procedures and equipment and facilities will be modified where they 
substantially reduce exposures at a reasonable cost. 


• The radiological control staff understands the origins of radiation exposures in the facility and 
seeks ways to reduce exposures. 


• Adequate equipment and supplies for radiation protection work will be provided. 


• Tradeoff between the frequency of monitoring or maintenance activities (and the exposures that 
would result) and the potential hazards associated with reduced frequency of these activities will 
be evaluated to minimize unnecessary exposure to workers and maintain occupational exposures 
ALARA. 


• The loading sequence (location of repackaged fuel within the storage vault) will be evaluated to 
ensure exposures through the vault walls are minimized and associated occupation exposures are 
ALARA. 


• Practices involving radiation exposure will not be undertaken unless it produces a net benefit. 


• ALARA exposures will consider technological and economic factors. 
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7.2 RADIATION SOURCES 


The major source of radiation at the ISF Facility is the spent nuclear fuel (SNF) that will be transferred to 
the facility for packaging, interim storage, and eventual retrieval for transport to a long-term repository. 
The three basic fuel types to be handled at the facility are Peach Bottom fuel elements, TRIGA fuel 
elements, and Shippingport reflector modules. Each type of spent fuel is discussed below. 


Section 3.1.1, Materials to be Stored, discusses the spent fuel types to be handled at the ISF Facility. 


Other sources of radiation will include solid radioactive waste and liquid radioactive waste. Chapter 6 
discusses the generation and management of solid and liquid radioactive waste at the ISF Facility. 
Table 6.3-1, Estimated Concentrations of Principal Radionuclides in Liquid Waste, and Table 6.4-1, 
Characterization and Estimated Annual Activity of Principal Radionuclides in Solid Waste, provide the 
estimated total annual activity for each radionuclide. 


7.2.1 Characterization of Sources 


The ORIGEN2 (Oak Ridge Isotope Generation) computer code was used to derive the radioisotope 
activity, photon energy spectra, decay heat, and neutron generation rate associated with each fuel type 
(Ref. 7-4). The original radionuclide source term data for each fuel type accounts for activation products 
associated with the activation of non-fuel components of the fuel assembly. Induced radioactivity by 
interactions involving neutrons originating in the fuel is not a significant source term due to the low 
fluence rate of neutrons originating in the fuel. This data served as the baseline reference data inserted 
into the ORIGEN2 program and then decayed to obtain the desired output. Data was decayed to July 1, 
2004, the projected ISF Facility operational start date. 


The source term is summarized below in three categories: (1) radionuclide composition, (2) photon 
production rate, and (3) neutron production rate. 


Radionuclide Composition. Table 7.2-1 through Table 7.2-5 summarize the isotopic activity for the 
activation products, actinides and daughters, and fission products for each of the fuel types as of July 1, 
2004. This data is the result of ORIGEN2 decay analyses. These radionuclide activities are used as the 
basis for solid and liquid waste volumes discussed in Chapter 6 and the shielding and dose analyses 
presented in this chapter. 


Photon Production Rate. The ORIGEN2 photon database contains and displays the number of photons 
per decay in an 18-energy group format.  


Table 7.2-6 provides the photon production rate (photons/second-assembly) resulting from the ORIGEN2 
analysis. Photon production rates are tabulated by energy group number for each of the fuel types 
expected to be shipped to the ISF Facility. These photon production rates are used as inputs for the 
facility dose rate calculations discussed in Section 7.4. 


Neutron Production Rate. Neutron production tables associated with each fuel type (neutrons/second-
cm3) are provided in Table 7.2-7. The neutron production rates are summarized for both (alpha, n) 
reactions and spontaneous fission events. These tables are generated for actinides and their daughter 
products because only these radionuclides emit significant numbers of spontaneous neutrons or alpha 
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particles. The neutron spectrum presented in each table represents the bounding intensity for each fuel 
type. These neutron production rates are used as inputs for the facility dose rate calculations discussed in 
Section 7.4. 


7.2.2 Airborne Radioactive Material Sources 


The design and layout of the ISF Facility minimize the number of areas easily accessible to or normally 
occupied by operating personnel that have the potential for airborne radioactive material. The two areas 
with the greatest potential for airborne radioactive materials are the fuel handling machine (FHM) 
Maintenance Area and the SWPA. 


Airborne contamination is expected to be present in the FPA. The FHM Maintenance Area is adjacent to 
the FPA and is separated by a retractable shield door. Airflow is designed to cascade from the 
Maintenance Area into the FPA. Facility personnel do not normally occupy the Maintenance Area. 
Facility personnel will enter the Maintenance Area to perform maintenance work on the FHM as needed. 
Facility personnel will not normally enter the FPA while fuel is present. Access may be required during 
change-out operations in preparation for other fuel types. The FPA is designed for remote operations and 
any maintenance of equipment will be performed remotely. Before anyone enters the FHM Maintenance 
Area, the airborne contamination concentrations will be evaluated and the information will be used to 
select the appropriate personnel protective equipment (PPE). 


Airborne releases from handling waste stream materials are possible in the SWPA. Process-generated 
waste (paper, plastic PPE, spent filters, and empty fuel canisters) is size reduced, consolidated, and 
compacted for disposal in the SWPA. Table 7.2-8 identifies the nuclides and calculated concentrations of 
airborne radioactivity expected. The concentration of airborne radioactivity is based on the calculated 
annual waste inventory per isotope, multiplied by an airborne release factor from American Nuclear 
Society/American National Standard (ANSI/ANS)-5.10, Airborne Release Fractions at Non-Reactor 
Nuclear Facilities. Airborne release factors of 0.00004 for particulates and 1.0 for gases are used 
(Ref. 7-5). 
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7.3 RADIATION PROTECTION DESIGN FEATURES 


Equipment and installation features of the ISF Facility are provided in Chapter 4. This section discusses 
key design features used for ensuring that occupational exposures to radiation are ALARA. 


One of the ISF radiological design goals was to ensure that personnel exposures are ALARA. Various 
methods were used to evaluate installation design features ensure personnel exposures are ALARA. For 
the ISF, the design goal was achieved by following: 


• Perform initial calculations for the various fuel configurations to determine initial doses 


• Modify the shielding thickness and fuel configurations (i.e., placement of fuel in storage vault) as 
necessary to maintain personnel exposures ALARA 


• Reevaluate the design and results, as new information becomes available. 


Following this process resulted in the design shielding thickness identified below: 


Area/Equipment 
Design Shielding 


Thickness Shielding Material 
Transfer Tunnel (east wall) 3’ Concrete 
Transfer Tunnel (west/south wall) 3’ Concrete 
Fuel Packaging Area 4’ Concrete 
Storage Vault (walls) 3’ Concrete 
Storage Vault (charge face) 30” Concrete/steel 
Canister Trolley 9” (radial shielding) Carbon steel 
Canister Shield plugs 5" to 10” Stainless steel 
Canister Handling Machine 12”/4” Steel/Jabroc 


This process works well for average doses and dose rates. There is still the potential for locally higher 
levels, and periodic changes in work patterns. The calculations generally accounted for much of this, and 
are considered conservative. As an added precaution, temporary shielding is available to further reduce 
exposures as necessary. 


Figure 6.3-2 provides a scaled layout showing: 


• liquid waste storage tank area 


• solid waste processing area 


• solid waste storage area 


Figure 7.3-1 through Figure 7.3-2 provides a layout showing: 


• radiological control area designations 


• location of health physics office, counting room, and decontamination shower 


• location of spent fuel during storage/fuel packaging 
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Figure 7.3-3 through Figure 7.3-8 show: 


• location of CAMs, ARMs, and criticality monitors 


• location of frisking stations and change areas 


Figure 7.3-9 and Figure 7.3-10 show the shield wall dimensions for the facility. 


7.3.1 Installation Design Features 


The design considerations listed in Section 7.1.2 ensure that occupational exposures are ALARA and that 
a high degree of integrity is obtained for the confinement of radioactive material. Key design features for 
the facility are briefly discussed in the following subsections. 


7.3.1.1 Access Control of Radiation Areas 


Access to the ISF Facility is controlled in accordance with 10 CFR 72.106 (Ref. 7-6). The INL site 
boundary establishes the controlled area boundary. The ISF site area fence establishes the restricted area 
to protect non-ISF personnel from undue risk from exposure to radiation and radioactive materials in the 
ISF Facility. 


In accordance with 10 CFR 72.104, the annual dose to an individual beyond the INL controlled area 
boundary is less than 25 mrem. Access to radiologically controlled areas within the ISF Facility site area 
fence, where there is potential for radiation fields to exceed 2 mrem/hr, is controlled by physical or 
administrative controls. Physical controls include warning signs, beacons, access door interlocks, or key 
locks. Administrative controls include the use of radiation work permits, ALARA job reviews, or stay-
time monitoring. 


Radiologically controlled areas may require further designation as high or very high radiation areas 
according to 10 CFR 20.1003. Access to these areas is controlled to preclude inadvertent and unnecessary 
exposure. Access control features may include physical barriers, locked entryways, and audible and 
visible alarm signals. Access to high and very high radiation areas is controlled in accordance with 
Regulatory Guide 8.38 (Ref. 7-7). Figure 7.3-1 and Figure 7.3-2 provide the facility layout identifying the 
expected restricted areas and their classification (i.e., Radiological Control Area, Radiation Area). 


Figure 4.1-1 provides a site layout showing the ISF Facility restricted area. A fence to preclude ready 
access to the radiologically controlled area surrounds the ISF Facility. Vehicle gates and personnel gates 
are also identified in this figure. 


7.3.1.2 Radiation Shields and Geometry 


Fixed radiation shielding is integral to the ISF Facility design for reducing personnel exposure to 
radiation. The main shielding features of the facility are described in the following paragraphs. 
Section 8.2.4.2 discusses off-normal and accident conditions associated with loss of shielding.  


The Cask Receipt Area does not provide shielding. SNF is contained within the shielded Peach Bottom 
Transfer Casks when being handled inside the Cask Receipt Area. Workers in the Cask Receipt Area will 
be shielded from radiation during fuel transfer operations inside the Transfer Tunnel by shielding in the 
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Transfer Tunnel and on the shielded canister trolley. The CHM and Storage Area vaults provide shielding 
during canister transfer and storage. 


The Transfer Tunnel provides a shielded route for the cask trolley to safely travel between the Cask 
Receipt Area and the FPA, via the Transfer Tunnel decontamination and maintenance area. It also 
provides the route for the canister trolley to safely travel between the FPA, the CCA, and the Storage 
Area. The Transfer Tunnel east wall adjacent to the FPA is approximately 3 feet thick. The east wall 
adjacent to the Storage Area vault is approximately 3 feet thick to provide the necessary radiation 
shielding in case personnel need to access a trolley while SNF is in the FPA bench vessels or Storage 
Area vault. The west wall of the Transfer Tunnel is 3 feet thick. During fuel transfer operations from the 
cask into the FPA there is a small (~2 inches) gap between the FPA port and the cask. The tunnel ceiling 
and walls minimize the dose rate in adjacent occupied areas by shielding radiation streaming through this 
gap during fuel transfer. The tunnel is controlled as a high radiation area during fuel transfers. 


The FPA and the FHM Maintenance Area are designed to minimize radiation exposure to operations and 
maintenance personnel. The walls of the FPA are 4 feet thick, the north and south walls of the FHM are 
4 feet thick, and the east and west walls are 3 feet thick to provide protection from gamma and neutron 
radiation. 


The Storage Area vaults provide radiation shielding from the SNF stored in this structure. The 3 foot 
walls and 30 inch charge face are designed with thick concrete sections and design features to minimize 
the radiation dose rates in adjacent areas that can be occupied by personnel at the ISF Facility. 


A shielded canister trolley is used to minimize operator exposure during canister closure operations and 
canister trolley recovery maintenance in the Transfer Tunnel. The canister trolley has three primary 
operating positions: CCA port, ISF canister port (below the FPA), and Storage Area load/unload port. At 
each of these positions the onboard jacking system will jack the nose of the shielded cask into a recess in 
the floor of each of the operational areas. This provides two benefits: 1) it alleviates the radiation 
streaming that would occur if the SNF transfers were done in an unshielded position, and 2) it reduces the 
open free area of the transfer port aperture and therefore minimizes the disturbance to the ventilation 
system. The canister cask walls are 9 inch thick steel. The trolley shielding is designed to reduce 
maximum exterior exposure rates at 1 foot to less than 100 mR/hr for recovery/repair operations. ITS 
components located on the canister trolley or that may come near the cask are either radiation tolerant or 
shielded to ensure adequate availability of the canister trolley and the control system. 


The CHM is designed to ensure that dose rates to the operator and personnel on the floor of the Storage 
Area remain ALARA during canister handling operational phases. The main cask body contains the 
cavity for the ISF canister and provides radiation protection using steel (for gamma shielding), clad with a 
layer of Jabroc for neutron shielding. The shield skirt and storage tube shield plug ensure that streaming 
effects are minimized during transfer operations over the open fuel tube. 


7.3.1.3  Control of Airborne Contaminants and Gaseous Radiation Sources 


ISF Facility ventilation design features use engineered control to protect against airborne radioactive 
material. Section 3.3.2.2, Ventilation and Off-Gas Systems, and Section 4.3.1, Ventilation and Off-Gas 
Systems, provide details of the ventilation design. 
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The ISF ventilation system is designed to confine contamination by filtration, maintain differential 
pressures between confinement zones, and ensure that air flows from areas of low potential contamination 
toward areas of high potential contamination. Heating and air conditioning components are designed to 
provide environmental control that ensure that structures, systems, and components operate within 
designed temperature parameters and interior temperature control for personnel comfort. 


The system is designed to: 


• prevent the accidental release of radiological hazards to the environment 


• keep personnel exposure to radiological hazards ALARA 


• control the spread of radioactive materials and controlling contamination between areas 


• limit the spread of radioactive materials within the ventilation system 


The ventilation system is designed to meet the 40-year operational life expectancy of the facility. 
Components with a potentially shorter life are designed and installed to permit replacement with minimal 
impact on operations and maintain personnel exposure ALARA. Provisions are made for the routine 
maintenance of HVAC components to maximize their operational life. 


7.3.2 Shielding 


Fixed radiation shielding constitutes the primary method of reducing occupational exposure. Radiation 
shielding design is based on the results of shielding analysis performed using a shielding calculation 
methodology known to provide reliable and accurate results. The calculation method used was Monte 
Carlo based analysis (MCNP). Shielding models were evaluated for the key facility features; each model 
is discussed in the following subsections. 


MCNP (Ref. 7-8) was selected as the primary code for evaluating shielding models associated with the 
ISF, because of the need to accurately represent the complex geometric arrangements and the wide range 
of materials that were needed to describe the models. It was determined that a Monte Carlo type of code 
met this need, and MCNP is the most acceptable widely available code. It can perform these calculations 
and provide the flexibility to accurately represent the conditions. Monte Carlo approaches also provide 
the capability to accurately assess streaming problems typical of equipment handling with high radiation 
sources. The other option, a point kernel type of calculation approach, does not provide the ability to 
account for the complexity of the model. The point kernel type of code cannot model the combination of 
complex geometry coupled with many different materials that are present in the models and it also cannot 
perform streaming calculations. As a result of these calculational requirements, MCNP was chosen as the 
primary code for performing the shielding analysis associated with the ISF project. Section 3.3.4.3.2 
discusses the validation of the MCNP code relative to analysis performed in support of this SAR. 


Table 7.3-1 provides a summary of the photon spectrum per energy level for the various fuel types that will 
be received at the ISF Facility. The bounding source term used for the Transfer Cask-shielding model was 
based on TRIGA fuel loading. The TRIGA source term was selected because it results in the highest dose 
rate (based on photon spectrum accounting for energy level and the number of fuel elements per shipment). 


Each fuel assembly in the basket is modeled by MCNP to determine the number of photons emitted from 
the assembly that reach the shielding surface (i.e. self-shielding in the fuel). 
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The MCNP was used for the neutron dose rate calculations. Neutron capture provided by neutron 
absorbing material was used when modeling the canister handling machine. Four inches of Jabroc ‘N’ 
were included in the model to provide additional neutron shielding. The material composition of shielding 
material used is provided in Table 7.3-2. MCNP uses the Monte Carlo method to theoretically duplicate a 
statistically significant process, such as the interaction of nuclear particles with materials. Neutron 
fluence-to-dose conversion factors were conservatively taken from ANSI/ANS6.1.1, Neutron and 
Gamma-ray Fluence-to-dose Factors. For the design temperature ranges presented in Chapter 3, the 
shielding properties of the materials used for shielding will not be affected. 


7.3.2.1 Cask Receipt Area 


The Peach Bottom Transfer Cask will be used to transport the SNF to the ISF Facility. The Transfer Cask 
was originally designed to shield irradiated and unirradiated fuel such that the radiation levels on contact 
do not exceed 100 mrem/hr. Shielding analyses were performed to determine the axial and radial dose 
rates when loaded with TRIGA fuel. The results of the shielding analysis show that the expected surface 
dose rates are well below the Peach Bottom Transfer Cask design criteria of 100 mrem/hr on contact. The 
peak combined neutron/gamma, dose rate at 1foot will be about 11 mrem/hr. 


The TRIGA fuel loading was modeled in a 5-element cluster representing the 5-position cans that will be 
used to hold the fuel elements. Each can was then positioned radially to fill one of six positions in the fuel 
bucket. A total of 3 buckets are to be placed vertically in the Peach Bottom Transfer Cask for a total of 90 
TRIGA fuel elements transported per shipment. When loaded into the Transfer Cask the fuel meat centers 
are located axially at 22 inches, 53 inches, and 84 inches from the bottom of the Transfer Cask. 


The Peach Bottom Transfer Cask cavity wall of the inner shell is 0.25-inch-thick stainless steel. The lead 
shielding contained between the inner and outer shell is 6.25 inches thick in the 110-inch center section, 
and 5.25 inches thick at the Transfer Cask ends (approximately 30 inches at each end). The outer shell is 
1.81-inch-thick stainless steel. The top lid is modeled as 4-inch thickness of lead sandwiched between a 
1.56-inch outer stainless steel plate and a 1.5-inch inner stainless steel plate. Figures 7.3-11 and 7.3-12 
depict the radial and axial geometry modeled for the Peach Bottom Transfer Cask. 


The following table provides the source and shielding geometry used to estimate the dose rates: 


Peach Bottom Transfer Cask Shielding Geometry/Source Term 
Source Strength 90 TRIGA fuel elements (3 layers of 30 each) 


Shields Thickness (in) Material 
Inner Transfer Cask 


wall - side 
0.25 Stainless steel 


Lead –Transfer Cask 
center 


6.25 Lead 


Lead –Transfer Cask 
ends 


5.25 Lead 


Outer Transfer Cask 
wall – side 


1.81 Stainless steel 


Inner Transfer Cask 
wall – top 


1.50 Stainless steel 


Lead –Transfer Cask 4.00 Lead 
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top 
Outer Transfer Cask 


wall - top 
1.56 Stainless steel 


Note: the inner and outer wall thickness of the top and bottom are the 
same and are, therefore, not listed separately 


 


The results of the axial shielding analyses, summarized below, show that the calculated surface dose rates 
are well below the Peach Bottom Transfer Cask design criteria of 100 mrem/hr on contact. 


 
Calculated Axial Dose Rates for Peach Bottom Transfer 


Cask with 90 TRIGA Fuel Elements 
Axially from Top/Bottom 


Top Bottom Distance (in) 
(mrem/hr) (mrem/hr) 


0 1.08 14.59 
1 1.07 14.38 
6 0.98 12.57 


12 0.85 10.24 
36 0.50 4.53 


 


Dose rates at the top surface of the Transfer Cask and beyond are relatively lower than the dose rates at 
the bottom surface and beyond due to the proximity of the fuel elements to each of the surfaces, 
respectively. Figure 7.3-11 and Figure 7.3-12 show that the fuel elements are essentially resting on the 
bottom of the Transfer Cask, while there is a rather large air gap between the upper bucket and the top of 
the Transfer Cask. A certain amount of self-shielding occurs in both directions but has a larger affect in 
the upward direction when coupled with the air gap. Results above confirm the geometric effects of fuel 
loading on the axial dose rates. 


The calculated radial contact dose rates for the Transfer Cask also remain below 100 mrem/hr. A 
summary of the calculated dose rates is provided in the table below. 


Calculated Radial Dose Rates for Peach Bottom Transfer 
Cask with 90 TRIGA Fuel Elements 


Radially from Side Axial Height from 
Transfer Cask Bottom 


(in) 
Distance (in) (mrem/hr) 


0 33.00 
12 11.21 
24 6.10 
36 3.78 
48 2.61 


22 
(Centerline of Lowest 
Tier of TRIGA Fuel) 


60 1.91 
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Calculated Radial Dose Rates for Peach Bottom Transfer 
Cask with 90 TRIGA Fuel Elements (cont.) 


Radially from Side Axial Height from 
Transfer Cask Bottom 


(in) 
Distance (in) (mrem/hr) 


0 4.36 
12 2.73 
24 1.99 
36 1.69 
48 1.63 


53 
(Centerline of Middle 
Tier of TRIGA Fuel) 


60 1.40 
0 4.36 
12 2.23 
24 1.33 
36 1.04 
48 0.83 


84 
(Centerline of Top  


Tier of TRIGA Fuel) 


60 0.69 
 


As expected, the radial dose rate is higher in the lower portion of the Peach Bottom Transfer Cask due to 
the centerline of the fuel meat of the lower bucket being located at an axial height equivalent to this 
reduced shielding thickness. As distance from the Transfer Cask increases the dose rate drops off steadily. 


7.3.2.2 Fuel Packaging Area 


The purpose of these analyses was to determine the dose rate on the far side of an FPA cell wall from a 
TRIGA canister filled with 108 TRIGA fuel elements. The dose rates were calculated from the center of 
the canister to a dose point 206 cm away (which is reasonably representative of the operator position 
relative to the canister) through 2, 3, and 4-foot thick concrete walls. Based on the dose rates calculated, a 
wall thickness of 4 feet was selected for the design of the FPA walls. The results of the calculations are 
shown in the following table. 


Dose Rates from TRIGA Fuel 


Concrete 
Thickness (ft) 


Dose Rate 
mrem/hr 


2 183 
3 2.82 
4 0.044 


The TRIGA fuel was modeled in a canister with a 0.375 inch thick sidewall. The shield wall thickness 
was varied from 2 to 4 feet of concrete. Figures 7.3-13 and 7.3-14 depict geometry modeled. 


The following table provides the source and shielding geometry used to estimate the dose rates. 
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Fuel Packaging Area Shielding Geometry/Source Term 


Source Geometry Cylindrical volume 28” length 18” diameter 
Source Strength 54 TRIGA assemblies (1 canister) 


Shields Thickness (inches) Material Source Shield Distance (inches) 
Fuel canister 0.4 Stainless steel 0 
Air gap 12 Air 0.4 
Shield wall 48 Concrete 12.4 
Exterior   60.4 


7.3.2.3 Canister Closure Area 


The streaming analysis of the CCA covers the evaluation of the dose rates associated with work directly 
above and around the canister closure welding and inspection operations. The primary objective is to 
determine the dose rate as a function of the fabrication tolerances that can be used to fabricate the shield 
plug and canister while still meeting the ALARA requirements associated with the operation. This 
evaluation presents the streaming as a function of gap size. The TRIGA fuel elements were selected for 
the analysis because they represent the bounding photon flux for the three fuel types. 


There are two gaps of concern: 1) the gap between the canister and the canister collet; and 2) the gap 
between the shield plug inside the canister and the inner wall of the canister. 


The MCNP analysis has been performed for the canister centered in the canister collet with an effective 
radial gap of 0.050 inch between the collet and the outside surface of the canister. The dose rate 1 inch 
above and in line with the 0.050 inch outer canister/collet gap was 26 mrem/hour. The 0.050-inch gap is 
the maximum expected with the collet fully compressing the canister. 


The minimum expected shield plug/canister gap of 0.1 inch gives a calculated dose rate of 50 mrem/hr. 
The MCNP analysis was performed for the shield plug centered in the canister with an effective radial 
gap of 0.10 inch between the shield plug and the inside surface of the canister. A maximum gap of 0.2 
inch gap is expected with the shield plug offset in the canister. The dose rate with the 0.20 inch gap was 
calculated to be 143 mrem/hour. The dose rates at 1 inch above and directly over the canister/shield plug 
of various gap sizes with the lid-off and the lid-on are provided as follows: 


Canister Shield Plug Gap Dose Rates 


Canister/Shield Plug 
Gap Width 


Dose Rate with 
Canister Lid 


(inches) (mrem/h) 
0.1250 3 
0.2000 6 
0.3125 9 
0.6250 30 


The CCA was also evaluated for streaming dose before the canister lid is placed on the canister. The 
following table shows the dose rates calculated at various locations around the canister. 
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Dose Rates at Various Locations Around Canister 


Location 
Dose Rate 
(mrem/h) 


1 inch above plug/canister gap 194 
1 inch above canister/wall gap 190 
6.5 feet radially out from can axis & in plane of top of lid 0.1 
In CCA below plane of top of lid 0.03 
In CCA above plane of top of lid 0.2 


The basic layout of the canister, the cap, and the collet are shown in Figure 7.3-15. This configuration has 
been modeled in detail with the MCNP code. Figure 7.3-16 and Figure 7.3-17 provide the top portion of 
the canister and the complete canister respectively. The TRIGA fuel was modeled in the canister with a 
0.375 inch thick sidewall. 


The following table provides the source and shielding geometry used to estimate the dose rates. 


Canister Closure Area Shielding Geometry/Source Term 


Source Geometry Disk 18” diameter  
Source Strength 54 TRIGA assemblies (1 canister) 


Shields Thickness (inches) Material Source Shield Distance (inches) 
Cover plate 1.5 Stainless steel 0 
Void 2 Air 1.5 
Shield plug 10 Lead 3.5 
Void 4 Air 13.5 
Impact limiter/lid 3 Stainless steel 17.5 
Exterior   20.5 


7.3.2.4 Canister Trolley 


The canister trolley includes a steel cask that holds the ISF canister and provides shielding during transfer 
operations. The TRIGA fuel was modeled with a 0.375 inch thick canister sidewall around it. The canister 
was placed in a 9 inch thick steel cask with an inside diameter of 28 inches. The canister contains 
108 TRIGA fuel elements, in two baskets containing 54 elements each. Figures 7.3-18 and 7.3-19 provide 
the geometry modeled. The following table provides the source and shielding geometry used to estimate 
the dose rates. 
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Shielded Canister Trolley Shielding Geometry/Source Term 


Source Geometry Cylindrical volume 56” length 18” diameter 
Source Strength 108 TRIGA assemblies (2 canisters) 


Shields Thickness (inches) Material Source Shield Distance (inches) 
Fuel canister 0.4 Stainless steel 0 
Air gap 5 Air 0.4 
Shielding 9 Carbon steel 5.4 
Exterior   14.4 


The dose rates were calculated radially outward from the side of the cask on the mid-plane of the upper 
basket of fuel. The maximum dose rate at 1 foot from the shielded canister trolley is 45 mrem/hr. The 
dose rates calculated for various distances from the shielded canister trolley are provided in the following 
table. 


Dose Rates from Canister Trolley 


Radial Distance from Cask 
Surface (inches) Dose Rate (mrem/h) 


Contact 108 
12 45 
60 8 


120 3 


7.3.2.5 Storage Area 


The dose rate with a 5 by 5 grid of storage tubes containing TRIGA fuel was modeled to determine the 
dose rate through various thicknesses of concrete. Figure 7.3-20 provides the geometry modeled. The 
table below provides the calculated dose rates at 1 foot from a concrete wall of given thickness. 


The following table provides the source and shielding geometry used to estimate the dose rates. 


Storage Area Shielding Geometry/Source Term 


Source Geometry Slab 190” length 190” width 
Source Strength 2700 TRIGA assemblies (25 canisters) 


Shields Thickness (inches) Material Source Shield Distance (inches) 
Fuel canister 0.4 Stainless steel 0 
Air gap 12 Air 0.4 
Shielding 36 Concrete 12.4 
Exterior   48.4 


The number of canisters to include in the model was determined by starting with a single canister 1 foot 
from the interior storage vault wall (closes storage location) and calculating the dose rate 1 foot from 
exterior of the storage vault wall. Additional canisters were added forming a row until the contribution to 
the dose point by additional canisters was minimal. A row of five canisters was found to provide the 
maximum dose. Next a second row was added to the model making a 5 x 2 array and the same process 
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followed until a 1 foot dose was reached where additional rows did not increase the calculated dose. A 
5 x 5 array of canister was found to be the limiting number of canisters. The addition of additional rows 
did not significantly contribute to the calculated dose. 


Dose Rate 1 Foot from a Concrete Wall  
with 25 Storage Tubes Holding TRIGA Fuel 


Wall Thickness (feet) Dose Rate (mrem/hr) 
1 59,886 
3 15 


The wall thickness of the storage area is designed to be approximately 3 feet of concrete. Initial shielding 
calculations show that, by controlling the placement of loaded canister in the storage vault, an equivalent 
reduction in the dose rate of that from a 4-foot wall will be achieved. 


7.3.2.6 Canister Handling Machine 


The CHM is a fully shielded crane used to transfer loaded ISF canisters from the canister trolley to the 
storage vault tubes. The CHM will be positioned over the storage vault tube location and the shield skirt 
lowered to provide shielding during placement of the ISF canister into the storage tube. The CHM will 
also be used in the future to remove ISF canisters from the storage vault and transfer them to a transport 
cask for offsite shipment. 


The CHM was modeled using an ISF storage canister loaded with 108 TRIGA assemblies in two baskets 
of 54 assemblies each. The dose rates were calculated radially outward from the side of the CHM on the 
mid-plane of the upper basket of fuel. The following table provides the calculated dose rates at radial 
distances from the CHM. Figures 7.3-21 and 7.3-22 depict the axial and radial geometry modeled. 


Radial Dose Rates from CHM 


Distance from CHM 
Surface (cm) 


Dose Rate 
(mrem/h) 


2.54 5.02 
30.48 2.39 


152.44 0.52 
304.80 0.21 


The following table provides the source and shielding geometry used to estimate the dose rates. 
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Canister Handling Machine Shielding Geometry/Source Term 


Source Geometry Cylindrical volume 56” length 18” diameter 
Source Strength 108 TRIGA assemblies (2 canisters) 


Shields Thickness (inches) Material Source Shield Distance (inches) 
Fuel canister 0.4 Stainless steel 0 
Air gap 4 Air 0.4 
Metal Shielding 12 Stainless steel 4.4 
Jabroc 4 Jabroc 16.4 
Exterior   20.4 


 


7.3.2.7 Waste Processing Area 


Processing irradiated fuel results in the generation of radioactive waste materials that will ultimately be 
processed in the SWPA. This area is designed to receive waste directly from the FPA, either through 
ceiling waste ports or the hatch into the FHM Maintenance Area portion of the FPA, and from other areas 
of the facility. Waste generated in the facility, other than in the FPA and liquid waste filters, is expected 
to result in dose rates less than 5 mrem/hr and is not expected to pose personnel exposure concern. Waste 
generated in the FPA (e.g., empty fuel canister) have the potential to pose an exposure concern to 
personnel due to the possible presence of hot particles, fuel fleas, or residual crud in the empty fuel 
canister that can produce high dose rates. Fuel canisters and other waste generated in the FPA will be 
surveyed prior to transfer to the waste processing area. An administrative limit of 50 mrem/hr for waste 
being transferred to the waste processing will be used to minimize personnel exposure during waste 
processing activities. This limit along with the use of temporary shielding/shadow shielding will maintain 
worker exposure ALARA. 


7.3.3 Ventilation 


Section 3.3.2.2, Ventilation and Off-Gas Systems, and Section 4.3.1, Ventilation and Off-Gas Systems, 
provide details of the ventilation design. These sections discuss: 


• areas and equipment serviced by each system 


• design limits selected for operation and the performance limits 


• major components and operating characteristics 


• room controls and confinement zones 


• testing criteria 


• criteria for filter change-out 


The ventilation is designed to prevent spread of radioactive material and control contamination between 
areas. Building air flows from areas of lower contamination potential to areas of higher contamination 
potential. Filters (both roughing and HEPA filters) will be used to limit the spread of radioactive materials 
in the ventilation system. Section 7.2.2 identifies the sources of radioactive material that may become 
airborne. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 7.3-13 


 


  


7.3.4 Area Radiation and Airborne Radioactivity Monitoring Instrumentation 


Radiological monitoring and contamination control at the ISF Facility will be performed to ensure that 
radiation exposure and release limits in 10 CFR 20.1301 are not exceeded (Ref. 7-3). Monitoring involves 
the use, as appropriate, of fixed ARMs and CAMs. Fixed radiological instrumentation will be serviced by 
the facility’s uninterruptible power supply system and ensures operability of instrumentation if building 
power is lost. 


Criticality Monitors 


Criticality monitors are solid-state area detectors that provide fast, accurate monitoring of total gamma 
exposure rates and instantaneous rise times of exposure rates. These instruments are robust and can monitor 
relatively high exposure rates for extended periods without damage to the instrument. Dedicated criticality 
monitors are located near the exterior walls of the FPA to monitor conditions in the FPA (refer to 
Figure 7.3-7). The criticality monitoring system will have set points that will alarm on a gamma rate of rise 
or a neutron dose threshold. This will allow the criticality monitoring system to energize clearly audible 
alarms and visual signals if accidental criticality occurs. The guidance provided in ANSI/ANS 8.3 
(Ref 7-23) will be used to determine coverage, placement, response time, failure warning, detection criteria, 
sensitivity, and testing requirements of the system. The CMS will not be seismically qualified. 


Table 7.1-2 provides an estimate of the type and number of fixed monitors for the facility. Any reduction 
or addition in the overall number of fixed instruments will be evaluated to ensure that fixed 
instrumentation provides the monitoring necessary to maintain exposure ALARA. Placement of fixed 
instrumentation will be optimized by modeling and evaluation of the physical surroundings (e.g., airflow 
patterns, shielding features). Figure 7.3-3 through Figure 7.3-8 identify the location of the facility CAS, 
CAMs and ARMs. 


Personnel Monitors 


Personnel contamination monitors measure the exposure of personnel to radioactive contamination. 
Handheld monitors and half-body contamination monitors and/or walk-through detectors are used. In 
areas of frequent occupation, permanent detectors will be installed. In areas of infrequent occupation, 
portable detectors are used as required. 


Area Monitors 


Fixed ARMs will be located in key areas of the facility, in frequently occupied locations with potential for 
unexpected increases in dose rates, and in remote locations that require local indication of dose rates 
before personnel enter the area. Alarm set-points will be established by evaluating the nominal area 
background dose rate. The set-points will be set to a value greater than the nominal background dose rate 
that will trigger an alarm if exceeded. A typical set-point could be twice the nominal background dose 
rate, or it may be a fixed area dose rate that, if exceeded, will trigger an alarm to notify personnel. The 
alarms will be visual and audible locally, with a corresponding signal included in the IDCS. ARMs can 
trigger local and facility interlock alarms and support configurable set-points for personnel protection 
monitoring. 
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Air Monitoring 


Air sampling and monitoring is required by 10 CFR 20.1703(a)(3)(i) to evaluate airborne hazards 
whenever respiratory protective equipment is used to limit intakes pursuant to 10 CFR 20.1702. Air 
sampling and monitoring will also be performed in situations where respiratory protective equipment is 
not required but the airborne radioactivity level can fluctuate and early detection of airborne radioactivity 
could prevent or minimize intake of radioactivity. Air sampling and monitoring will be conducted in 
accordance with the guidance in Regulatory Guide 8.25 (Ref. 7-10). 


CAMs will be installed in occupied areas where facility personnel without respiratory protection could be 
exposed to airborne radioactivity concentrations exceeding 12 derived air concentration (DAC) hours in a 
week, or where there is a need to alert potentially exposed workers to unexpected increases in the airborne 
radioactivity levels. CAMs also will be used to detect breakthrough of the Fuel Packaging Area HEPA 
filters downstream of the FPA. 


The Transfer Cask monitoring system will contain a CAM which is used for sampling the cask interior 
atmosphere in the Cask Decontamination Zone of the Transfer Tunnel before the Transfer Cask lid is 
removed. 


Each CAM will be configured with a set-point appropriate to its primary function. For CAMs that 
monitor occupied work areas, the set-point is a level of activity above the established background. 
Typical alert and alarm set-points are 10 percent and 33 percent of DAC, respectively. A CAM alarm in a 
work area will instigate an evacuation of the immediate area per administrative procedures. Interlocks 
allow for emergency egress for life safety purposes. Response to the alarm is determined by 
administrative procedures. 


For CAMs that monitor the discharge air downstream of the HEPA filter from the Fuel Transfer Area, a 
set-point has been determined that indicates breakthrough of the FPA HEPA filters, with the response of 
instigating a maintenance cycle. Typical alert and alarm set-points are 50 percent and 100 percent of the 
10 CFR 20, Appendix B, Table 2 effluent concentration, respectively. 


A beta-gamma CAM monitors the facility stack effluents. Typical alert and alarm set-points are 
50 percent and 100 percent of the 10 CFR 20, Appendix B, Table 2 effluent concentration, respectively, 
for representative radionuclides. Record sampling is also performed at the exhaust stack. If analysis 
indicates above-normal activity, administrative procedures will determine the appropriate response 
actions. 
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7.4 ESTIMATED ONSITE COLLECTIVE DOSE ASSESSMENT 


The ISF Facility is designed to minimize or eliminate radiation areas and high radiation areas that are 
normally occupied by facility personnel. Radiation areas may be present during Transfer Cask receipt, 
fuel transfer, canister closure, canister storage, and waste processing activities. Because of the potential 
presence of radiation areas during these activities operational aspects are designed to ensure that exposure 
to facility personnel is ALARA. Dose rates will be kept ALARA by utilizing shielding and engineered 
controls. Exposures will be kept ALARA by performing most operations remotely, as follows: 


• Transfer and fuel packaging operations are performed remotely. 


• Personnel access to the Transfer Tunnel during fuel transfer is controlled by warning signs, 
beacons, and interlocks. 


• Movement of fuel canister is performed inside a heavily shielded trolley system. 


• Decontamination tools and services are strategically located throughout the facility to allow 
equipment to be decontaminated before maintenance activities. 


In addition, many engineered design features minimize occupational personnel exposure during 
placement of SNF in dry storage, as well as offsite dose to the nearest neighbor during storage. The 
resulting dose at the ISF site boundary is well within the limits specified by 10 CFR 72.104 and 10 CFR 
72.106 (Ref. 7-6). 


As discussed in Section 7.3, the ISF Facility design incorporates shielding features that greatly reduce the 
expected dose rates resulting from fuel packaging and storage activities. The design objectives for the 
facility are to maintain doses to facility workers ALARA. The area design dose rates are based on 
expected occupancy and the administrative limits presented in Section 7.5.3.1. Each area design dose rate 
is established so that the area occupancy multiplied by the design dose rate does not exceed the annual 
administrative limits in Section 7.5.3.1. Table 7.4-1 provides the design dose rates for each area 
classification. 


7.4.1 Operational Dose Assessment 


The process flow for receipt, repackaging, and storage of a fuel canister received at the ISF Facility 
follows. 


Fuel Receipt 


Irradiated fuel will be transported to the Cask Receipt Area by truck and trailer using the Peach Bottom 
Transfer Cask. This cask has been used for INL onsite movement of Shippingport (LWBR) Type I 
modules from the Naval Reactor Facilities to what is now the Idaho Nuclear Technology and Engineering 
Center (INTEC) facility. When the INL fuel was first moved, the fuel was out of the reactor 
approximately 3 years. The fuel will be more than 20 years old when shipped to the ISF Facility. The 
calculated highest anticipated dose rate for contact with the side of the Peach Bottom Transfer Cask is 3.4 
mrem/hr at 1 foot for the bounding TRIGA fuel. 


In the Cask Receipt Area the Peach Bottom Transfer Cask will be uprighted (it will be transported 
horizontally) and moved on to the cask trolley using an overhead crane. There is no shielding of this area 
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other than the Transfer Cask. Time, distance, and shielding will be used to maintain facility personnel 
exposure ALARA. 


Fuel Repackaging 


The loaded cask trolley will enter a thick concrete-shielded Transfer Tunnel through a steel door at the 
west end of the south wall of the Storage Area. The Transfer Tunnel runs beneath the operating deck of 
the Storage Area and FPA. The Transfer Tunnel is the connector for movement of the cask trolley from 
fuel receipt to fuel repackaging, fuel canister closure, and to storage. The tunnel has 3 foot thick east wall 
(storage vault west wall) and west wall, and ceiling. The Transfer Tunnel east wall (FPA west wall) is 
4 feet thick. The north wall is approximately 30 inches thick. The east wall of the Transfer Tunnel is the 
west shield wall of the Storage Area. The bottom of the tunnel is 3 to 5 feet below grade. In the FPA, the 
east Transfer Tunnel wall is the west wall of the ground floor electrical and HVAC rooms and the FPA. 
The north wall is common to the CCA. The west Transfer Tunnel wall is common to the SWPA, and the 
liquid waste storage tank area of the Transfer Area. A short section of the east and approximately the 
southern half of the west Transfer Tunnel walls are approachable from the facility exterior. This shielding 
is necessary to protect the public, adjacent offsite ISF Facility personnel, and ISF Facility personnel from 
high dose rates encountered when irradiated fuel is being removed from the Peach Bottom Transfer Cask 
at the FPA cask port. Personnel will be excluded from this northern area during spent fuel transfers. The 
southern part of the Transfer Tunnel will be used for preparing the Transfer Cask for either fuel removal 
at the FPA or for preparing the Transfer Cask for return. The shutter door isolates the northern section and 
is interlocked so that the door must be closed and personnel access prevented before fuel may be removed 
from the Transfer Cask. The Transfer Tunnel also acts as a buffer to control and minimize the potential 
spread of radioactive contamination when performing decontamination operations on a Transfer Cask or 
maintenance or repair activities related to the CHM, cask trolley, and canister trolley. 


The SNF will be transferred from the Transfer Cask through the FPA cask port to the FPA by the FHM. 
The FPA is a large remote-handling area surrounded by 4 foot thick concrete walls, floor, and shielded 
windows. The floor, walls, and windows separate the FPA from the FPA operating galleries, maintenance 
shop, offices, change room, CCA, SWPA, and the lower level HVAC and electrical rooms. In addition to 
shielding, the walls provide a contamination control boundary during the processing and handling of 
irradiated fuel, potentially contaminated fuel baskets and other components, and during maintenance and 
repair of FPA equipment. The FPA is where spent fuel will be repackaged into ISF baskets and placed in 
the ISF storage canisters. The FPA has four floor transfer ports, two to the Transfer Tunnel and two to the 
SWPA. These ports are closed by stepped shield plugs. 


Canister Closure 


After the fuel has been repackaged in the FPA, the loaded fuel baskets and the canister internal shield 
plug will be sequentially loaded into a storage canister at the FPA canister port for transfer to the CCA via 
the Transfer Tunnel by the shielded canister trolley. The dose rate from the loaded canister is controlled to 
acceptable levels by the 11 inches of steel trolley shielding and the internal steel shield plug, which rests 
on top of the fuel basket closure plate. 


After the canister trolley has been moved and located in its CCA port, the fuel basket funnel will be 
removed and the canister prepared for closure head installation and welding. Following welding, a 
nondestructive examination ultrasonic inspection of the welds performed and the canister connected to the 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 7.4-3 


 


  


vacuum drying/helium backfill system. During the vacuum drying, the trolley heaters will be energized to 
aid in the removal of any moisture from the fuel and the canister interior. The CCA has 3 foot thick 
concrete walls, floor, and ceiling. There are two floor ports in the CCA; one allows access to a vestibule 
area for importing new canister and components, and the other accesses the Transfer Tunnel and the 
canister trolley. Personnel radiation exposure in the CCA is a function of the canister loading. Anticipated 
dose rates from a sealed canister of TRIGA fuel are 6 to 10 mrem/hr at the top of the canister. The dose 
rates for Peach Bottom and Shippingport reflectors will be lower, as the active fuel region is farther from 
the closure head and has more axial self shielding due to fuel assembly construction. Significant radiation 
streaming could occur at the outer surface of the canister when the circularity collet is released. After 
canister closure completion, the canister trolley will be lowered and moved to the Storage Area/Transfer 
Tunnel access load/unload port. 


Canister Storage 


On the Storage Area operating deck, the Transfer Tunnel load/unload port plug will be removed and the 
CHM will be positioned to retrieve a loaded canister from the canister trolley. The CHM grapples the 
canister, raises it to the desired traveling elevation, rotates to close the canister chamber, raises the shield 
skirt, and travels to the storage vault tube designated for the canister. The CHM will be positioned over 
the storage vault tube location and the shield skirt will be lowered, the storage tube shield plug removed, 
and the canister will be lowered into the storage tube. The CHM will then install the shield plug. After the 
shield plug has been installed and the grapple raised, the skirt will be raised and the CHM moved to a 
standby location so that personnel can complete the storage tube closure. The CHM operating platform is 
above the top of the active fuel region of a loaded canister to reduce personnel exposure. 


Storage tube closure will be accomplished by bolting a tube closure plate to the top of the tube, leak 
checking the closure plate seal, and connecting the tube to the evacuation/backfill system via a valve and 
connection on the closure plate. Upon completion of the helium backfill, the backfill system will be 
disconnected and a seal plate placed over the connection location and its seals leak checked. The final 
operation relating to canister storage is to install a steel tornado-missile protection cover over the top of 
the tube assembly. 


The low-level wastes generated as a result of facility operations will be initially accumulated in the 
SWPA for processing and packaging. The Solid Waste Area is bounded by concrete walls with two 
shielding wing walls dividing it into north and south areas (refer to Figure 7.3-1). The southern area 
(SWPA) is isolated by a contamination control barrier as it is designed to receive wastes from the FPA via 
two circular ceiling ports and support maintenance of the FHM via rectangular ceiling opening. This 
portion of the SWPA contains size reduction equipment for non-compactable wastes. The northern 
section (SWSA) has two personnel access doors (west and north walls) and a north wall rollup door for 
large item shipping and receiving. Compactable wastes will be segregated from non-compactable wastes 
and processed accordingly. The waste compactor facility is located in the northwest corner of this 
northern section and is connectable to the southern portion via a passthrough in the wing wall so that 
compactible wastes from the FPA and/or the CHM may be processed. Section 6.4, Solid Waste, describes 
waste transfer and survey in the FPA to the Solid Waste Processing System. 


Table 7.4-1 identifies potential radiation areas during fuel movement, storage, and waste processing 
activities and estimated occupancy times. The time estimates are based on receiving an average of two 
Transfer Cask shipments each week. 
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Table 7.4-2 provides the estimated occupational dose from these operations. The general formula 
described below was used for dose estimate calculations. 


Person-mrem dose for task = (#workers)(frequency)(duration)(dose rate) 


where, 


#workers – the number of workers performing the task 


frequency – how often the task will be performed (e.g., daily, weekly, etc.) 


duration – the amount of time taken to accomplish the task 


dose rate – the dose rate at the worker location. (In some cases an occupancy factor correction has 
been made, so that even though the worker is required for the operation, the worker is not 
considered to be present full time. This factor is expressed as a reduced dose rate.) 


The Cask Receipt Area, FPA Operating Gallery, and Storage Area operations dose rates are based on 
values calculated for having a Peach Bottom Transfer Cask loaded with TRIGA fuel or TRIGA fuel being 
processed or handled in the other areas. The Transfer Cask return values are based on returning a 
contaminated Peach Bottom Transfer Cask liner and basket assembly in the Peach Bottom Transfer Cask. 
In this case, the dose rate from the Transfer Cask is negligible when compared to the shield leakage from 
TRIGA fuel stored in the storage vault on the other side of the east tunnel wall. The CCA operations 
values are based on closing canisters of TRIGA fuel, as this fuel has the fuel meat much closer to the top 
of the canister than either Peach Bottom or Shippingport loaded canisters. SWPA size reduction 
operations are evaluated using the 50 mrem/hr maximum allowable contact dose rate for waste items 
being exported from the FPA. The shield walls of the Operating Gallery and the Transfer Tunnel are 
assumed to be 4 and 3 feet thick, respectively. 


The following assumptions were used in the preparation of the dose estimates associated with the 
operation of the ISF. 


• All tasks assume TRIGA fuel is being handled or stored (bounding photon flux per canister). 


• The dose estimates are conservatively based on processing the maximum (bounding) dose rate 
material for one year of operation under equilibrium conditions. 


• The maximum fuel inventory in the FPA. 


• Loaded storage vault tubes adjacent to the tunnel wall. 


• Loaded storage vault tubes adjacent to an empty tube. 


• SWPA work with a partially loaded waste box present. 


• Dose rates in the SWPA are assumed to be principally from the material being processed and its 
accumulation in filled or partially filled waste containers. 


• Source (S) sizes are assumed to be large enough that a 1/R adjustment for distances out to S/2 is 
appropriate and 1/R2 after that if not provided by the calculation. 
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• The frequency of operation is based on the assumption of receipt of five fuel shipments per month 
(1.25 shipments per week). 


• It is assumed that the shielding efficiency of the FPA viewing windows is the same as that of FPA 
walls. This is based on the assumption that FPA operating gallery personnel will be spending at 
least 90% of their work time in front of or in close proximity to a window. 


7.4.2 Site Dose Assessment 


The ISF Facility fence serves as the restricted area boundary in accordance with 10 CFR 20.1502 
(Ref. 7-3) for personnel monitoring of external and internal occupational dose. The INL site boundary 
serves as the controlled area boundary in accordance with 10 CFR 20.1301 (Ref. 7-3), and 10 CFR 72.104 
and 10 CFR 72.106 (Ref. 7-6). 


Because the fuel handling and storage operations are 8 miles from the INL-controlled area boundary, the 
dose at the boundary will be well below the 10 CFR 20.13012 requirement of 100 mrem/yr to a member 
of the public, and below the 10 CFR 72.104 limit of 25 mrem/yr to any real individual. The maximum 
dose to the maximally exposed individual is estimated to be 0.00003 mrem/yr from ISF Facility emissions 
at the controlled area boundary. The maximum dose to the maximally exposed individual due to direct 
radiation from the ISF Facility is estimated to be 0.00006 mrem/yr. The contribution from nearby 
facilities is estimated to be less than 0.32 mrem/yr. The total estimated dose at the controlled area 
boundary (ISF Facility dose and the dose contributed from nearby facilities) is less than 0.32 mrem/yr and 
is well below the 10 CFR 20.1302 and 10 CFR 72.104 limits. Shielding provided by natural and 
manmade earth barriers between the ISF Facility and the controlled area boundary are not used for 
shielding to reduce the dose at the controlled area boundary. 
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7.5 HEALTH PHYSICS PROGRAM 


The ISF Facility Health Physics Program is established to control and safely minimize the exposure of 
personnel to ionizing radiation. Facility personnel will be committed to maintaining personnel exposures 
within regulatory limits and ALARA. 


7.5.1 Organization 


Radiation protection technicians advise the Facility Safety Officer (FSO) and the Shift Supervisor of any 
abnormal radiological condition that could result in an unusual hazard. In the absence of the FSO, 
radiation protection technicians assume responsibility for radiation monitoring and control functions 
during emergency conditions. 


Radiation protection personnel will be selected, trained, and qualified to ensure that they have sufficient 
knowledge and practical abilities to implement the radiation protection program effectively. Qualification 
criteria and job descriptions have been developed for technical positions within the radiation protection 
organization. 


Radiation protection technicians will be required to participate in classroom and specific on-the-job 
training. The radiation protection program and implementing procedures ensure that radiation protection 
personnel, who will be selected, trained, and qualified, have the knowledge and practical skills necessary 
to perform their work 


7.5.1.1 Selection 


The ISF Facility Manager ensures that personnel have sufficient education and/or experience in the job 
functions to which they are assigned. Radiation protection technicians will be required to meet the 
education and experience levels specified in ANSI/ANS 3.1 (Ref. 7-11). 


7.5.1.2 Classroom Training 


Classroom training includes: 


• training in emergency response duties 


• training in radiation protection procedures, the operation and limitations of survey and count 
room equipment, and methods to ensure proper record documentation and traceability 


• reviewing major work activities and potential radiological hazards that may be encountered 


• reviewing revisions to 10 CFR 20 and their impact on radiation protection activities (Ref. 7-3) 


• testing radiation protection technicians to verify appropriate knowledge level in radiation 
protection theory, equipment, basic mathematics, and recognizing unusual situations involving 
radioactivity 


Annual refresher training for radiation protection technician, using a structured program approved by the 
FSO, will be conducted. This training will be documented and may include a written examination. 
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7.5.1.3 On-the-Job Training 


Upon completion of required classroom training, radiation protection personnel complete on-the-job 
training in assigned duties. The responsible supervisor documents successful completion of these duties 
on the radiation protection personnel’s qualification card. The responsible supervisor ensures that training 
has been adequate by observation of on-the-job performance. 


7.5.1.4 Other Training 


Additional training will be provided to radiation protection personnel if significant changes occur in 
radiation protection policy, requirements, techniques, procedures, or equipment, and as required by other 
programs. This information will be disseminated to affected personnel or organizations through periodic 
awareness presentations and/or required reading. Section 9.3, Training Programs, discusses the ISF 
Facility Training Program. 


7.5.2 Equipment, Instrumentation, and Facilities 


The ISF Facility health physics organization implements the operational radiological surveillance 
program. This program ensures the health and safety of facility personnel, the public, and protection of 
the environment. The health physics organization utilizes a low background counting room and shift 
change room to perform counting operations and store health physics equipment and supplies. The low 
background counting room has alpha/beta scalers, a HPGe assay system, and a liquid scintillation counter. 
Additional portable health physics instrumentation is also stored in the counting room. 


Protective clothing used by facility personnel is located in the facility change rooms. Respiratory 
protective equipment is also located in the facility change rooms. 


The ISF Facility has a personnel decontamination shower and several eye wash stations located 
throughout the facility. Additional equipment for personnel decontamination and other contamination 
control equipment, including spill control materials, will be available. 


The ISF Facility does not have any fixed facilities for internal radiation monitoring, such as whole-body 
counters, thyroid counters, or bioassay sample analysis equipment. If these types of services are required 
ISF Facility personnel will utilize the same services as those used by INL personnel. 


Portable air sampling equipment is available for use during work evolutions requiring the use of 
respiratory protective equipment. Portable air sampling equipment will typically be of the “Golf Cart” 
type with a telescoping “Goose Neck” for air sampling and can be used for the assay of both particulates 
and gaseous radioiodine. 


7.5.2.1 Requirements for Instruments 


Instruments for measuring radiation will be used to: 


• monitor radiation exposure levels 
• monitor contamination levels and concentrations of airborne radioactivity to characterize 


workplace conditions 
• verify the effectiveness of physical design features and engineering, and administrative controls 
• identify areas requiring postings 
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Radiation detection instrumentation has a sensitivity suitable for the required measurement 
(e.g., instruments used to measure leak tests of a sealed source are able to detect concentrations less than 
0.005 microcuries of the kind of radioactive material in the source). 


Instruments used to measure radiation dose rates, levels of contamination, and concentrations of airborne 
radioactivity in the field are given in Table 7.1-1. Equivalent instrumentation may be substituted. 


Counting Instrumentation 


The ISF Facility health physics program will have available onsite the following instruments to support 
facility personnel protection and to ensure that both exposures and releases will be ALARA: 


• HPGe analyzer for material protection measurements 
• low-background alpha-beta radiation proportional or scintillation counter 
• end-window GM counters 
• a liquid scintillation counter for low energy beta (e.g., tritium) analysis 


Instruments used in the low-background are provided in Table 7.1-1 


Instrument Calibration 


Portable equipment used to perform radiological surveillance will be calibrated at 6-month intervals or 
following repair, whichever occurs sooner. Stationary equipment used to perform radiological 
surveillance will be calibrated annually or following repair, whichever occurs sooner. Other measuring 
equipment will be maintained following manufacturer’s recommendations. 


Airflow or volume-metering devices used with air samplers will be calibrated annually. Lapel air 
samplers will be calibrated before use or after media change. 


Instrument Checks 


Instruments used to perform radiation surveys will be readily available and response-checked daily or 
before operation by radiation protection technicians. When response checks are not feasible, such as with 
instruments used to measure neutrons or tritium, compensatory actions have been established to ensure 
proper instrument performance. Instruments that do not respond properly will be taken out of service until 
they have been repaired and recalibrated. Battery checks will be performed each time an instrument is 
used. 


Checks of fixed instrumentation will be performed and Chi Square evaluations will be performed as 
applicable for the type of instrument. Fixed monitoring instrumentation will be included on the facility 
maintenance schedule. 


Instrument Selection 


The FSO determines the type of instruments used at the facility. The FSO ensures there is a sufficient 
number of the proper type instruments available in the event of instrument failure or during periods of 
instrument calibration. The FSO maintains and controls the instruments in use at the facility. 
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Instrument Storage, Calibration, and Maintenance Facilities 


Health physics instruments will be stored in the health physics’ office or at a designated location when 
they are not in service. Minor instrument maintenance (e.g., replacing batteries) is performed by the 
health physics organization. Instruments requiring major maintenance or calibration will be removed from 
service. Major maintenance and calibration will be performed by the instrument vendor or 
calibration/repair service prior to returning the instrument to service. 


7.5.2.2 Radiological Surveys 


Radiological surveys will be conducted for verification and documentation of radiation and contamination 
levels to ensure personnel exposure is ALARA. Surveys document radioactive contaminant 
concentrations and dose rates within controlled process areas and will be used to ensure that appropriate 
protective measures are included in task planning. Information gained in such surveys is the basis for 
preparing radiation work permits. 


Radiological monitoring of radiation exposure levels, levels of contamination, and concentrations of 
airborne radioactivity will be conducted to characterize workplace conditions, to verify the effectiveness 
of physical design features and engineering and administrative controls, identify required PPE, and to 
identify areas requiring postings. 


Only trained and qualified personnel, using instruments that are properly calibrated and routinely tested 
for operability, perform monitoring. Surveys for radiation, contamination, and airborne radioactive 
materials will be performed as specified in implementing procedures and radiological work permits. 


A central monitoring system that gives information on the dose rate and concentration of airborne 
radioactive material is used. The following features were considered in the design, selection, and 
installation of the central monitoring system: 


• readout capability at the main radiation protection access control point 


• placement of detectors for optimum coverage of areas 


• circuitry that indicates component failure 


• remote and local alarms and readouts 


• ranges adequate to ensure readout of the highest anticipated radiation levels and to ensure positive 
readout at the lowest anticipated levels 


• capability to record the readout of systems 


Survey Frequency 


The frequency of routine surveys depends on the nature, quantity, and use of radioactive material, as well 
as the specific protective facilities, equipment, and procedures that are designed to protect personnel from 
external and internal exposure. 


Job-specific monitoring will be conducted whenever operation or maintenance includes accessing 
unknown contamination or radiation conditions or known high contamination or radiation conditions. 
Airborne activity, surface contamination, including alpha contamination and area surveys including beta 
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radiation, may be required whenever the radiological conditions are unknown in a work area. In cases 
where the need for a survey is not clear, the Facility Safety Officer makes the determination. Non-
radiological areas will be surveyed periodically to ensure that radiation and radioactive material is 
adequately controlled. 


Table 7.5-1 and Table 7.5-2 identify the minimum survey requirements of the ISF Facility. Additional 
surveys will be performed as necessary to properly assess radiological conditions. 


Survey Responsibilities 


The FSO maintains routine survey status and provides daily, weekly, and monthly schedules for the 
performance of routine surveys. The FSO ensures surveys will be performed as scheduled. At the end of 
shift, the schedule will be checked for completeness and the status system updated. 


Any scheduled surveys not performed by the designated shift will be performed by the next shift, or 
reasons for not performing the survey will be documented. Routine surveys will not be performed in high 
radiation areas or high contamination areas except as directed by the FSO. 


Radiological survey follow-up includes evaluation of the data to determine the radiological controls 
necessary for work areas. 


Survey Documentation 


Job-specific surveys and results will be documented at the time they are performed. Other survey data 
will be documented by the end of each workday. Survey data includes the area surveyed, the measured 
results including instrument background, and the location of the readings. These surveys also indicate 
instrument serial numbers, calibration due dates, and the name and signature of the person conducting the 
survey. Survey documentation will be accurately and legibly completed. Blanks will be filled in or 
marked not applicable (N/A). Negative data will be recorded. 


An alteration or change to survey records, either existing or being generated, will be made neatly by 
drawing a single line through the incorrect entry and recording the correction/alteration adjacent to the 
incorrect entry. Correction fluids or other correction media/techniques that obliterate the original entry 
will not be used. The original entry must remain legible. The person making the change initials and notes 
the date of the correction. Only the person making the data entry can change or alter the survey data. The 
FSO may make administrative information corrections (i.e., corrections that do not involve the survey 
results). The  FSO maintains the survey records and reviews them as deemed necessary. 


7.5.3 Procedures 


Procedures for ISF Facility operations that expose facility personnel to radiation will be reviewed and 
approved by the FSO before use to ensure adherence to the facility radiological control requirements. 
These reviews include the following objectives: 


• avoid unnecessary exposure to radiation 


• maintain doses to individuals ALARA 


• maintain the collective facility dose ALARA 
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Radiation protection requirements for radiological work will be implemented through the use of 
procedures including, but not limited to, the following: 


• performing badging functions for access authorization 


• issuing personnel dosimetry, monitoring, recording, and tracking individual exposures 


• performing radiological safety training and refresher training 


• performing ALARA reviews of plant procedures and monitoring of operations 


• issuing, revising, and terminating radiation work permits 


• roping off, barricading, and posting radiologically controlled areas or zones 


• decontaminating personnel, equipment, and areas 


• performing radiation surveys 


• smear/swab sampling and sample counting 


• quantifying airborne radioactivity 


• maintaining records of the radiation protection program, including audits and other reviews of 
program content and implementation; radiation surveys; instrument calibrations; individual 
monitoring results; and records required for decommissioning 


7.5.3.1 Occupational Dose Limits 


The ISF Facility Manager and the FSO ensure radiation exposures are maintained ALARA and within 
regulatory and administrative limits. Levels shall not exceed the occupational dose limits set for 
individual adults in 10 CFR 20. The FSO obtains and maintains records of prior exposure history of 
personnel who may be exposed to radiation at the facility. 


Dose Limits and Administrative Control Levels 


Applicable dose limits, administrative control levels, and responsibilities for authorization to exceed the 
administrative control levels are listed below (Ref. 7-3). The persons identified in the table below 
authorize exposure extensions in writing. Extended exposures do not exceed the limits in 10 CFR 20. 


 
Total Effective 


Dose Equivalent 
Dose to Lens 


of Eye Shallow Dose Extremity Dose 
Permission to Exceed 


(Documented) 
Regulatory Limit/Year 5000 mrem 15,000 mrem 50,000 mrem 50,000 mrem Planned Special Exposure 


(10 CFR 20.1206) 
Administrative Control Limits 


Day 50 mrem    Shift Supervisor 
Week 200 mrem    Operations Manager 
Quarter 500 mrem    FSO 
Year 1000 mrem 3000 mrem 10,000 mrem 10,000 mrem FSO and ISF Facility 


Manager 
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The FSO will investigate internal exposure monitoring results when radionuclides in the worker’s body 
could deliver more than 5 percent of the annual limit on intake (ALI) as specified in 10 CFR 20, 
Appendix A. A report of this investigation shall be maintained in the worker’s dose records. 


Declared Pregnant Woman 


A declared pregnant woman is any woman who has voluntarily informed her employer of her pregnancy 
and estimated date of conception in writing. The ISF Facility administrative dose limits for declared 
pregnant women are the same as those listed in 10 CFR 20. 


• The occupational exposure of the declared pregnant woman shall not exceed 500 mrem for the 
entire gestation period. 


• The exposure rate to the declared pregnant woman will be maintained at a level such that the dose 
to the embryo/fetus does not exceed 50 mrem/month. 


Should occupational exposure to the declared pregnant woman have exceeded 450 mrem before 
declaration, she shall be immediately removed from further exposure. A declared pregnant woman is not 
eligible for a planned special exposure. 


Upon declaration of pregnancy, or intent to become pregnant, steps may be taken to further reduce the 
woman’s exposure to radioactive materials. Some of these actions may include: 


• limiting work assignments in radiation or contamination areas 


• forbidding work assignments in high radiation, high contamination, or airborne radioactivity 
areas 


Dose Limits for Individual Members of the Public and Minors 


Exposure of any individual outside a restricted area or any minor is limited so that the total dose from ISF 
Facility operations does not exceed the 10 CFR 20.1301 dose limit of 100 mrem/year for individual 
members of the public. 


7.5.3.2 Internal Personnel Radiation Monitoring 


Internal radiation monitoring (bioassay) will be performed on facility employees to verify the 
effectiveness of the radiation protection program. Additionally, internal radiation monitoring will be used 
to assess any potential uptakes by facility employees and to monitor the elimination of contaminants from 
an affected individual. Monitoring of the intake of radioactive material by a facility employee is required 
by 10 CFR 20.1502(b) if the employee is likely to receive an intake that exceeds 10 percent of the ALI in 
one year. The internal monitoring program is based on Regulatory Guide 8.9, Regulatory Guide 8.11, and 
Regulatory Guide 8.26 (Refs.7-12, 7-13, and 7-14). 


Initial Employment 


An initial baseline is established for personnel whose job involves the potential for significant 
occupational exposure to airborne radioactivity and for personnel authorized to use respiratory protection 
equipment. A whole body count will be performed, usually within the first month of employment. A 
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urinalysis will be conducted before work on a job involving potential exposure to airborne radioactivity. 
The analysis is for 3H, gamma emitting radionuclides, gross alpha, and gross beta (minus 40K). 


Periodic Monitoring 


Personnel assigned to this facility on a long-term basis have a routine whole body count and/or urinalysis 
on an annual (once/year) basis in accordance with Regulatory Guide 8.9 (Ref. 7-12). Additionally, 
personnel will be selected each quarter for whole body counts and/or urinalysis; selection is either random 
or based on the potential for uptake. The number selected will be increased if the number of radiation 
personnel on site increase. 


Method sensitivities will be based on International Commission on Radiological Protection (ICRP) 54 
and will generally be based on 10 percent of the ALI (Ref. 7-15). However, for some alpha-emitting 
radionuclides, current bioassay methods are not sensitive enough to confirm intakes of 10 percent of the 
ALI. Therefore, the monitoring program may use personal air samplers to determine intake. 


Special Monitoring 


Internal radiation monitoring will be performed at a minimum for the following circumstances 
(Reg. Guide 8.9 [Ref. 7-12]): 


• an individual’s exposure exceeds 40 DAC hours since the most recent bioassay measurement 


• an individual, wearing a respiratory protection device, is exposed to an environment that would 
create an intake exceeding 520 DAC hours if no protection was used 


• an individual is exposed to a radiological airborne contaminant and the average concentration or 
duration of exposure is not known 


• skin contamination in the facial/nasal area 


• following the contamination of an open wound or damaged skin, as needed 


• evidence indicates measurable unknown ingestion or absorption of radioactive material 


• evidence of damage to or failure of respiratory protective devices 


Internal radiation monitoring will be evaluated as needed for other circumstances as they arise. 


Termination Monitoring 


When employees who have been occupationally exposed while working at the facility leave employment 
they will be given a termination whole body count. If a terminated employee refuses to have the count 
conducted, a statement to that effect will be prepared by the FSO and placed in the employee’s dosimetry 
file. 


Records 


The FSO will be responsible for maintaining records for personnel dosimetry and internal monitoring. 
Records containing information specified in 10 CFR 20.2106 will be maintained for occupationally 
exposed personnel and will be available for inspection. 
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7.5.3.3 External Radiation Monitoring Dosimetry 


Whole Body Monitoring 


Each employee who is occupationally exposed to radiation will be provided with, and required to wear, 
either a whole body TLD and a self-reading dosimeter. These dosimeters will be worn together on the 
front of the body, unless otherwise specified by radiation protection. 


Visitors and personnel not assigned to the facility will be assigned a self-reading dosimeter, or equivalent 
monitoring, before entering any radiologically controlled area. 


Extremity Monitoring 


Extremity dosimetry will be issued and worn in accordance with ISF Facility health physics program 
requirements. 


Quality Control of Dosimetry 


TLDs will be provided and processed by INL or by an organization currently accredited by the 
Department of Energy Laboratory Accreditation Program (DOELAP) for Personnel Dosimetry Processors 
of the National Institute of Science and Technology. Personnel and extremity dosimeters will be 
processed quarterly unless conditions dictate more frequent processing. Self-reading dosimeters will be 
checked for accuracy and drift at least every six calendar months. 


7.5.3.4 Signs and Labels 


The FSO will be responsible for implementation and compliance with the radiological controls posting 
requirements of 10 CFR 20 (Ref. 7-3). 


7.5.3.5 Instructions and Notices to Personnel 


The ISF Facility Manager will be responsible for complying with posting and notification requirements to 
personnel as required by 10 CFR 19 (Ref. 7-16). 


7.5.3.6 Notifications and Reports 


Radiation exposure data for an employee and the results of any measurements, analyses, and calculations 
of internally deposited radioactive material must be reported to the employee. Data and results required 
by applicable regulations or license conditions will be included in notification reports. 


7.5.3.7 Notifications to Workers 


Notification reports issued by FSO must be in writing as described in 10 CFR 19. Notification reports will 
be issued annually and include: 


• company name 


• individual's name 


• individual's social security number 
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• individual’s lifetime exposure totals calculated for his/her Occupational Radiation Exposure 
History Record 


• individual’s facility radiation exposure information contained in the updated Occupational 
Radiation Exposure History Record 


The following statement will be included in the Notification Report: “This report is furnished to you 
under the provisions of the Nuclear Regulatory Commission’s rules and regulations for radiation 
protection. You should preserve this report for further reference.” 


7.5.3.8 Reports to NRC 


When the ISF Facility is required to report any employee’s exposure to the NRC in accordance with 
10 CFR 20, a written report of the exposure data will also be issued to the affected individual. Such 
reports shall be transmitted no later than the transmittal to the NRC. 


7.5.3.9 Terminating Employees 


At the request of an employee terminating employment that received occupational exposure at the ISF 
Facility, the FSO: 


• provide a written report at termination to the individual or the individual’s designee 


• report the radiation dose received during the current year or fraction thereof 


• provide a written estimate if the most recent individual monitoring results are not available at the 
time of request 


7.5.3.10 Reports to Former Employees 


An employee formerly engaged in activities controlled by the ISF Facility can request a report of the 
employee’s exposure for each year they were required to be monitored. The report shall be furnished 
within 30 days from the time the request is made or within 30 days after the exposure of the employee, 
whichever is later. The report covers the period of time the employee’s activities involved radiation 
exposure at the ISF Facility and includes the dates and locations of activities the worker participated in 
during the period. 


7.5.3.11 Instrument Check Sources 


Security and Posting 


Calibration and daily check sources that are not exempted from labeling requirements of 10 CFR 20.1905 
and licensing requirements of 10 CFR 31.5 will be controlled in accordance with the source labeling, 
control, and leak testing requirements in 10 CFR 31.5 (Refs. 7-3 and 7-17). When these sources are not in 
use they will be kept in a source storage locker that is locked when not attended. This locker will be under 
the control of the FSO and only authorized personnel will be allowed access. The source storage locker 
will be posted in accordance with 10 CFR 20. 
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Radiation Levels 


Contact radiation levels at accessible exterior surfaces of the source storage lockers will be less than 
2 mrem/hour. A radiation survey of the locker will be performed routinely and immediately after receipt 
or disposal of nonexempt sources. 


Inventory 


A physical inventory of nonexempt sources will be conducted within 12 months from the last inventory. 
This inventory will be updated as sources are transferred, received, or disposed of. 


Transfer or Disposal 


When a source is no longer needed, it will be returned to the manufacturer or disposed of as radioactive 
waste. When transfer will be to an employee or organization outside of the ISF Facility, the transfer can 
be made only to an employee licensed to possess the source. The FSO maintains written verification of 
the employee’s legal authorization to possess the source. Transfers will be documented and a copy 
maintained. 


7.5.3.12 External Contamination 


Personnel must survey themselves, or be surveyed by a person qualified to perform personnel surveys, 
before leaving a radiologically controlled area. If contamination exceeding established limits is detected 
the employee will remain in place and immediately contact (or have someone contact) the health physics 
department. The FSO implements decontamination measures as needed. 


Areas and Equipment 


Surface contamination will be controlled to minimize inhalation or ingestion of radioactive material to 
prevent the spread of contamination and to minimize buildup of radioactive material in the work 
environment. Radioactive material will be controlled and the number and extent of contamination areas 
minimized to maintain personnel exposure ALARA. Work areas with surface contamination levels 
greater than the limits listed below will be controlled as Contamination Areas or decontaminated using 
standard techniques. Surface contamination limits for unrestricted release of materials and equipment are 
listed below unless a more restrictive limit is directed by the FSO. 


Contaminant Removable Total (fixed plus removable) 
Alpha 20 dpm/100 cm2 100 dpm/100 cm2 
Beta/Gamma 1000 dpm/100 cm2 5000 dpm/100 cm2 


Work areas with airborne radioactive material in concentrations greater than 0.1 DAC or such that a 
worker would be exposed to greater than 12 DAC hours in a week will be controlled as Airborne 
Radioactivity Areas. 


Prevention 


Plans, training, and work instructions emphasize the need to minimize radioactive contamination of 
personnel and areas not controlled for radioactive surface contamination. Occurrences of skin 
contamination will be documented and reviewed by the FSO. 
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7.5.3.13 Respiratory Protection 


The ISF Facility is designed to utilize process or engineering controls to minimize to the extent practical 
the concentration of radioactive material in the air. Process or engineering controls that may be evaluated 
include the use of local filtered ventilation systems, decontamination of equipment before performing 
maintenance, control of access, limitation of exposure time, and use of other types of exposure controls. 
Respiratory protection equipment will only be used after these or other similar measures to limit worker 
intakes of radioactive materials have been considered. 


When respiratory protective equipment is used, air sampling will be performed sufficient to identify the 
potential hazard, permit proper equipment selection, and estimate dose. The air sampling equipment used 
may include CAMs, portable work place air samplers, and lapel breathing-air zone samplers. The air 
sampling recommendations in NRC Regulatory Guide 8.25, Air Sampling in the Workplace, will be used 
to establish the ISF Facility workplace air sampling program requirements (Ref. 7-10). Recommendations 
for air sampling from NUREG1400 will be used to determine location of air samplers and sampling 
methods (Ref. 7-18). 


Policy 


It is ISF Facility policy to minimize the inhalation of air contaminated with dusts, fumes, mists, gases, 
vapors, and radionuclides. The primary means to implement this policy is prevention or mitigation of 
contamination at the source. This is achieved using engineering controls such as containment, ventilation 
and process modification. 


The ISF Facility health physics program implements a comprehensive respiratory protection program to 
minimize exposure and comply with requirements and industry standards. The respiratory protection 
program is based on Regulatory Guide 8.14 (Ref. 7-19). Quantitative fit tests will be performed for 
negative-pressure respirators and consideration of exposure versus increased work time due to respiratory 
equipment is considered to ensure that personnel exposure is ALARA. Only respiratory protection 
equipment that is tested and certified, or had certification extended by the National Institute for 
Occupational Safety and Health will be used. 


Respirator Use 


The use of respirators is less desirable than the use of engineering controls. A respirator subjects the 
wearer to additional stress and increases the risk of injury by interfering with vision, limiting motion, and 
impairing communication. Routine and special tasks will be planned such that potential sources of 
airborne contaminants are managed by engineering controls. Respirators may be prescribed for radiation 
protection while engineering controls are being instituted or evaluated or where effective controls are 
impractical. 


It is impractical to set specific time limits for respirator use under all conditions. Breaks and limitations 
on the total time of continuous use of respirators will be encouraged. Personnel using respirators will be 
required to leave the area of required usage and remove their respirators in instances of equipment 
malfunction, undue physical or psychological stress, procedural or communication failure, significant 
deterioration of operational conditions, or any other condition that might require such relief. 
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Program Administration 


The respirator program will be administered as follows: 


Facility Safety Officer Responsibilities 


• Administer overall respiratory protection program development, administration, technical 
direction, and the evaluation of program effectiveness. 


• Authorize provision for cessation of work in cases where respiratory program noncompliance 
exists. 


• Ensure program compliance with respiratory policy and applicable requirements. 


• Evaluate oxygen deficient environments or environments containing industrial contaminants and 
prescribe any necessary and approved respiratory protection devices. 


• Ensure the program at each location is appropriate and promptly identify adverse trends. 


• Ensure that personnel who may be required to use respiratory protective devices satisfactorily 
complete a physiological examination and a fit test before working in a respirator. 


• Ensure that an employee has annual approval by a physician indicating that the employee is 
physically and mentally able to wear a respirator in accordance with established facility 
standards. 


• Ensure that an actual evaluation of the sealing efficiency is performed as part of the fit test. This 
evaluation provides a quantitative fit test for each make and/or type of facepiece. Fit tests will not 
be required for hoods, helmets, or suits. 


ISF Facility Manager Responsibilities 


• Implement engineering controls to minimize the need for respiratory protective equipment. 


• Implement procedures designed to minimize the inhalation of airborne radioactive materials to 
levels within regulatory limits and ALARA. 


• Control exposure to airborne radiological materials and interface with the ES&H Manager for 
technical guidance relative to respiratory protection devices for the control of industrial airborne 
contaminants. 


• Plan and conduct work with the potential for inhalation of contaminants or in the presence of an 
oxygen deficient atmosphere to prevent or mitigate the adverse environment. 


• Obtain FSO review of work plans. 


• Ensure that personnel supervising tasks requiring the use of respiratory protection devices comply 
with the respiratory protection program. 


Personnel Responsibilities 


• Use prescribed respiratory devices provided in accordance with the instructions and training 
received. 


• Guard against damage to respiratory protection equipment. 
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• Report any malfunction of respiratory protection equipment to health physics. 


• Ensure personnel are clean-shaven, because facial hair can cause facepiece leakage. For purposes 
of the respiratory protection program, clean-shaven is defined as no facial hair between the 
sealing surface of the facepiece and the face. 


7.5.3.14 Records 


Any alteration or change to health physics records, either existing or being generated, will be made neatly 
by drawing a single line through the incorrect entry and recording the correction/alteration adjacent to the 
incorrect entry. Correction fluids or other correction media/techniques that obliterate the original entry 
will not be used. The original entry must remain legible. The person making the change shall initial and 
note the date of the correction. Only the person making the data entry can change or alter the survey data. 
The FSO may make administrative information corrections (e.g., spelling). Records will be maintained as 
required by 10 CFR 20 Subpart L, as discussed in Chapter 9. 
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7.6 ESTIMATED OFFSITE COLLECTIVE DOSE ASSESSMENT 


The purpose of the environmental monitoring program is to demonstrate compliance with the dose limits 
for offsite personnel. The dose limits are given in 10 CFR 72.104 as 25 mrem/year to the whole body, 
75 mrem/year to the thyroid, and 25 mrem/year to any other critical organ (Ref. 7-6). The limits refer to 
exposure from planned discharges, direct radiation, and radiation from other fuel cycle operations in the 
region. The Idaho Department of Environmental Quality regulates the INL site in accordance with 
40 CFR 61 Subpart H, National Emission Standards for Emissions of Radionuclides Other than Radon 
from Department of Energy Facilities, which requires the ISF Facility to comply with the dose limit of 
10 mrem/yr to any member of the public from facility air emissions (Ref. 7-20). 


The priority parameters monitored as part of the environmental program are the identity and 
concentration of particulate radionuclides in the building ventilation air (i.e., exhausted through the 
stack). Other parameters are the identity and concentration of radionuclides in ambient onsite air, direct 
exposure in the outdoor portions of the site, and the identity and concentrations of radionuclides in site 
soil. 


Environmental Measurements 


Doses from stack exhaust will be determined by measuring the amounts of radionuclides emitted and 
meteorological modeling. The effluent concentrations will be determined using an isokinetic sampler in 
the facility stack and analyzing the activity of the various radionuclides collected. Modeling is based on 
information from the National Oceanic and Atmospheric Administration (NOAA) Air Resources 
Laboratory. The calculated offsite concentrations will be converted to doses based on dose conversion 
factors developed in accordance with ICRP 30, Limits for Intakes of Radionuclides by Workers, and 
standard inhalation rates (Ref. 7-15). Radiation dose rates at the perimeter of the site will be measured 
directly using environmental TLDs. 


Doses from ground level releases, if any, will be determined directly by measuring the concentrations of 
radionuclides in the air at the site boundary. The calculated concentrations at the site boundary will be 
converted to doses based on dose conversion factors developed in accordance with ICRP 30 and standard 
inhalation rates. 


The analysis of soil samples may be necessary to assess the effects of a spill or the efficacy of cleanup 
activities. Soil samples also will be taken as part of the eventual decontamination and dismantling of the 
facility. 


7.6.1 Effluent and Environmental Monitoring Program 


INL Monitoring Program 


The ISF Facility specific environmental monitoring program, discussed below, will continue through the 
life of the facility. The results of the ISF Facility radiological environmental monitoring program will be 
reported to meet the 60-day reporting requirement of 10 CFR 72.44 and the annual reporting requirement 
of 10 CFR 61 Subpart H (Refs. 7-6 and 7-20). 
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7.6.1.1 Gaseous Effluent Monitoring 


An evaluation of the expected source term from the SNF to be received and processed at the ISF Facility 
indicates the presence of particulate and gaseous radionuclides. The primary particulate radionuclides are 
137Cs/137mBa and 90Sr/90Y, and the primary gaseous radionuclides of concern are 129I, and 3H. Fuel 
packaging operations conducted in the FPA are the predominant activities that could liberate any gaseous 
isotopes. ISF Facility effluent monitoring consists of stack sampling for particulate radionuclides and 
stack sampling for 129I and 3H. 


A particulate sample will be collected weekly depending on the work in process, 129I samples will be 
collected biweekly and 3H samples collected monthly. Iodine samples will be collected on a silver zeolite 
impregnated charcoal canister and 3H will be collected using a three-stage bubbler collection system. 
Both of these sampling methods are proven methods for gas sampling. Action limits will be set at some 
fraction of the 10 CFR 20 Appendix B Table 2 limits. Typical action limits are 50 and 100 percent of the 
10 CFR 20, Appendix B, Table 2 value. 


7.6.1.2 Liquid Effluent Monitoring 


Liquid effluents will not be monitored at the ISF Facility, which is designed as a zero-discharge facility 
relative to process generated liquids. The planned processes at the ISF Facility are inherently dry 
processes that do not generate liquids with the exception of the planned decontamination station and 
emergency eye wash stations and showers. Process liquids generated at the facility will be collected and 
transferred to the liquid waste storage tanks. Periodically a liquid treatment vendor will be contracted to 
dispose the collected liquid. Section 6.3, Liquid Waste Treatment and Retention, provides a discussion on 
management process generated liquid waste. 


7.6.1.3 Solid Waste Monitoring 


Solid waste generated during ISF Facility operations consists of spent PPE, metal, paper, rags, and other 
consumable items. Process-generated waste will be packaged for disposal at the INL site. 


Process waste generated in the FPA will be transferred to the SWPA via the process waste port. Before 
empty canisters being transferred to the SWPA for size reduction and packaging, the canisters will be 
surveyed to determine the presence of contamination that would present an ALARA concern during the 
processing of the canisters. 


Section 6.4, Solid Waste, discusses the procedure for managing site generated solid waste. Before waste is 
transferred to the SWPA it will be surveyed using portable or fixed survey equipment to verify that the 
administrative limit of 50 mrem/hr is not exceeded. 


7.6.1.4 Environmental Monitoring 


Pre-Operational Environmental Radiation Monitoring Program 


The ISF Facility will be constructed on a clean (i.e., non-contaminated) site adjacent to other INL 
facilities. Construction activities will be performed by local craft without the need for radiological 
controls. The anticipated annual dose to workers during construction of the ISF Facility from nearby 
facilities is less than 0.32 mrem/yr (Ref. 7-21). 
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The ISF Facility is completely surrounded by the INL site. Many other radiological facilities are operated 
on the INL site, and some of them are near the ISF Facility. As described in Section 7.1, INL maintains a 
single environmental monitoring program for areas outside of these individual facilities to avoid 
excessive costs, if multiple organizations wanted to collect duplicate data; and to avoid technical conflicts 
should various methodologies be employed that might give conflicting results. 


The ISF Facility pre-operational environmental radiation-monitoring program (PERMP) is based on the 
consideration that the site is radiologically clean to start and that the area of interest is limited to the ISF 
Facility itself. The program will provide background information to serve as a basis for later direct 
comparison with operational conditions. The program will address the following media: 


• direct radiation exposure 


• radionuclide concentrations in site air 


• concentrations of radionuclides in site soil 


Water will not be a medium of consideration because there will be no radioactive liquid discharges from 
the facility and because the possible contamination of surface or groundwater will be indirect, through 
either previous contamination of soil or previous emissions of contaminants in air. 


Types of Samples/Measurements 


Three types of samples or measurements will be taken/made as part of the PERMP, corresponding 
directly to the media considered. 


Direct radiation will be measured at the ISF Facility boundary to develop knowledge of local background. 
Ten or more environmental TLDs will be placed on the ISF Facility boundary fence after its installation 
and exchanged quarterly. The locations will be chosen by the Facility Safety Officer. Records of these 
doses received will be maintained in accordance with the project records system. 


Ten TLDs adequately represent doses at the site boundary, and early installation provides for the longest 
period of time for data collection before operations. This gives the best available understanding of site 
conditions and any systematic variations that might occur. 


Low volume particulate air samples will be collected at four locations on the construction site to develop 
a benchmark for operations. One location is in the predominant wind direction. Three others are located at 
directions approximately 90, 180, and 270 degrees from this predominant wind direction. Each air 
sampler typically will draw 1 to 2 cubic feet per minute samples on a continuous basis. The filter paper 
samples will be generally collected weekly and analyzed for gross alpha and beta radioactivity. The 
particulate air sampling portion of the program will be initialed after completion of both major soil 
movements and facility concrete work, and as effected by the installation of electric power. 


Four sample stations are appropriate to measure airborne particulate radionuclides, because at least one is 
expected to be available to assess ground level releases, regardless of wind direction. Early installation 
and operation of the samplers are not justified because of the additional dust that is expected during earth 
moving and major construction activities. Weekly exchanges will give sufficient volumes of air for 
reasonable determinations of background concentrations. 
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Site soil will be collected and analyzed for radionuclides to establish background concentrations for 
reference. Five soil samples will be collected at the start of construction from randomly chosen locations 
within the ISF site and analyzed. The analyses performed will be gross alpha and beta analyses and 
gamma isotopic analyses. By using a one-tailed tolerance test, the choice of five randomly selected 
samples gives 75 percent assurance that 75 percent of the site soil will have concentrations less than the 
highest of the five concentrations measured, for each analyte. The following table summarizes the 
planned PERMP sampling frequency, and Figure 7.6-1 identifies each sample location. 


Sample Media No. Frequency Analysis 
Air 4 Weekly Gross alpha, beta, and gamma energy analysis 
Soil 5 Start of/during construction Gross alpha, beta, and gamma energy analysis 
TLD 10 Quarterly Thermoluminescence 


Relationship to the Operational Environmental Radiation Monitoring Program (OERMP) 


The PERMP will be carried over into the operational phase directly. During operations, soil samples will 
be collected quarterly, or after incidents involving a radioactive spill, or when routine surveys of the 
outdoor areas indicate unexpected anomalies. During eventual decontamination and decommissioning, 
additional soil samples will be taken to assess site conditions. At this time the number of samples will be 
chosen to give the desired degree of assurance that site conditions meet regulatory needs. The following 
table summarizes the planned OERMP sampling frequency; Figure 7.6-1 and Figure 7.6-2 identify each 
sample location. 


Sample Media No. Frequency Analysis 
Air 5 Weekly Gross alpha, beta, and gamma energy analysis 
Soil 5 Quarterly Gross alpha, beta, and gamma energy analysis 
TLD 10 Monthly Thermoluminescence 


Input to the Operational Environmental Radiation Monitoring Program 


Information gained during the pre-operational phase of the radiological monitoring program will be used 
to modify the plans for the operational phase in cases where unusual variation is seen. For example, if 
dose rates at two adjacent locations along the fence differ consistently, there may be a need to add an 
environmental TLD somewhere between them. However, because of the nature of the terrain, and the lack 
of planned liquid effluents, significant changes in the pre-operational program are not anticipated in the 
operational phase. 


7.6.2 Analysis of Multiple Contribution 


The total annual exposure to the maximally exposed individual (MEI) from multiple contribution of other 
nearby facilities and site background radiation will be less than both NRC and EPA limits. Nearby 
facilities that contribute to the background dose include the INTEC, Reactor Technologies Complex 
(RTC), and Power Burst Facility/Waste Experimental Reduction Facility (PBF/WERF). These facilities 
are within 5 miles of the ISF Facility and contribute less than 0.32 mrem/year to the background radiation 
(Ref. 7-21). 
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The estimated dose from a loaded ISF canister in the storage vault through the vault wall at 1 foot is 15 
mrem/hr. Likewise, the dose rate from fuel handling operations through the FPA walls is calculated to be 
less than 1 mrem/hr. Given the dose rates and the distance to the controlled boundary, the direct radiation 
contribution (0.00006 mrem/yr) at the controlled area boundary from ISF operations is negligible. 


During normal operations the FPA is estimated to add another 0.00003 mrem/yr additional dose due to 
ISF Facility emissions at the controlled area boundary. 


To estimate the air-scattered radiation associated with leakage from 1) the ISF canister during the time it 
is in the CHM and 2) the loaded Storage Vault a standard Gaussian plume model was used. Both models 
used 1) the same source term input as the CAP88 model for the FPA estimate, 2) 1% element breakage, 3) 
a leakage rate of 10-4 cm3/sec for the ISF canister and the storage tube, and the form and release fractions 
of Interim Staff Guidance 5, Confinement Evaluation (Ref. 7-22) and ANSI/ANS 5.10. The ISF canister 
in the CHM model used a year of operations (80 transfers) and the Storage Vault model was based on 244 
loaded storage tubes. Both models result in annual dose rates approximately two orders of magnitude less 
than the model for the FPA.  


A total dose of less than 0.32 mrem/yr is estimated from all sources (i.e., nearby facilities and ISF 
operations). These exposures are well below the 10 CFR 72.104 limit of 25 mrem/yr and the 40 CFR 
61.92 limit of 10 mrem/yr (Ref. 7-20). 


7.6.3 Estimated Dose Equivalents 


The source term for the MEI associated with ISF Facility operations consists of gases and particulate 
fractions of the material repackaged. The source term input into the CAP88 model is derived from the 
Peach Bottom Core 2 source term provided in Section 7.2. Estimated releases of gases and particulate are 
calculated using guidance from Interim Staff Guidance (ISG) 5 and ANSI/ANS5.10. Abatement emission 
factors were calculated using 40 CFR 61, Appendix D, Table 1 values. Table 7.6-1 provides the 
radionuclide ISG5 form and release fractions, ANSI/ANS5.10 airborne release fraction, and abatement 
factors for each radionuclide in the source term. 


In the CAP88 model for the FPA airborne release the standard ISG5 release fractions (0.3 for gas, 0.0002 
for volatiles, and 0.00003 for particulates) were used. These release fractions are based on PWR and 
BWR fuels. A parametric assessment was performed to evaluate the effect of using higher release 
fractions to account for the lack of specific similar data for the Shippingport, Peach Bottom and TRIGA 
fuels. The three ISG5 release fractions were all increased to 1.0 (100% release of the gas, volatiles, 
particulates from the fuel). This resulted in a change from 3.0 x 10-5 mrem/year to 7.9 x 10-5 mrem/year 
for 1% rod breakage. If the rod breakage were increased to 10% the result would change to 7.9 x 10-4 
mrem/year. Therefore, it is concluded that the unavailability of specific release fractions for these fuels 
has no significant influence on being able to demonstrate the chronic release remains well within the 
regulatory limits. 


The U.S. Environmental Protection Agency (EPA) CAP88 code is used to calculate the Effective Dose 
Equivalent (EDE) to the MEI, which includes the 50-year Committed Effective Doses Equivalent 
(CEDE) to the MEI from internal exposures through the inhalation pathway. Meteorological data 
collected from the 10 meter level of the Grid III meteorological tower is used for modeling releases from 
the ISF Facility stack. This meteorological data is representative of the conditions at the ISF facility due 
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to the close location of the tower. Chapter 2, Site Characteristics, provides more detailed site 
characteristics. 


The dose from ISF Facility operations, calculated by CAP88 code to the MEI, at Frenchman’s Cabin 
(13.7 kilometers south southwest of the ISF Facility) is 0.00003 mrem/yr. This dose, when added to the 
nearby facilities dose of less than 0.32 mrem/yr, is well below the 10 mrem/yr limit to the public 
stipulated by 10 CFR 20.1101. Table 7.6-2 provides the annual whole-body doses estimated to be 
attributable to the ISF Facility stack effluent in each of the 16 compass sectors about the facility between 
each of the arcs having radii of 1.5, 3, 5, 6.5, and 8 kilometers. An 8 kilometer radius centered on the ISF 
Facility is still within the INL controlled area. Therefore, the collective dose to any real individual outside 
of the restricted area, based on the 2000 census distribution presented in Chapter 2, is negligible. 


7.6.3.1 Identification of Sources 


Doses from stack exhaust will be determined by measuring the amounts of radionuclides emitted and 
meteorological modeling. The effluent concentrations will be determined using an isokinetic sampler in 
the ISF Facility stack and analyzing the activity of the various radionuclides collected. Modeling is based 
on information from the NOAA Air Resources Laboratory. The calculated offsite concentrations will be 
then converted to doses based on dose conversion factors developed in accordance with ICRP 30 and 
standard inhalation rates. 


Modeling the estimated source term using CAP88 identified 129I and 3H as the dose contributing 
radionuclides released from the ISF stack. They contribute 33 and 61 percent of the dose to the maximally 
exposed individual respectively. 


A description of the characteristics of each radionuclide listed above pertinent to its release and eventual 
biological impact follows. 


Tritium (3H) is produced both by ternary fission and by neutron reaction with light elements such as 
boron in control rods. Most of the fission product tritium produced is retained within the fuel and only a 
minor fraction is released to the environment (National Council on Radiation Protection Report No. 62). 
Tritium released to the atmosphere from ISF Facility operations will be from gases liberated due to rod 
breakage. The ISG5 rod breakage fraction of 1 percent for normal operations is used to estimate the 
activity of tritium available for release to the atmosphere. 


Tritium release to the environment enters the hydraulic cycle. Transfer to humans is by inhalation, 
passage through skin, and ingestion in food and drinking water. The biological impact of tritium released 
from the ISF facility will be minimal (less than 20 percent of the 10 CFR 20, Appendix B, Table 2 
effluent concentration). 


Radionuclide 129I is a fission product produced from 235U in a thermal reactor. Because nearly all of the 
fission products generated in nuclear fuels are retained within the fuel cladding, the 129I released to the 
atmosphere from ISF Facility operations will be from gases liberated due to rod breakage. The ISG5 rod 
breakage fraction of 1 percent for normal operations is used to estimate the activity available for release 
to the atmosphere. 


Iodine released to the environment can enter the human food chain by depositing directly on vegetation. 
Ingestion of contaminated vegetation and of dairy products and meat from animals feeding on 
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contaminated forage is the dominant pathway for 129I exposure to humans. The biological impact of 129I 
released from the ISF Facility will be minimal (less than 2 percent of the 10 CFR 20, Appendix B, 
Table 2 effluent concentration). 


7.6.3.2 Analysis of Effects and Consequences 


EPA code CAP88 is used to calculate the EDE to the MEI from ISF Facility emissions. The EDE 
calculated by CAP88 incorporates local meteorological data in the form of joint frequency distribution of 
wind speed, wind direction, and atmospheric stability class. CAP88 evaluates various biological pathways 
and dose to critical organs. 


CAP88 computes radionuclide concentrations in air, rates of deposition on ground surfaces, 
concentrations in food, and intake rates to people from inhalation of air and ingestion of food produced in 
the assessment area. The radionuclide concentrations in produce, leafy vegetables, milk, and meat 
consumed by humans are estimated by coupling the output of the atmospheric transport models with the 
Regulatory Guide 1.109 terrestrial food chain models. Dose and risk factors are provided for the pathways 
of ingestion and inhalation intake, ground level air immersion, and ground surface irradiation. Table 7.6-3 
provides the risk factors for each radionuclide that contributes more than 10 percent of the total dose from 
ISF Facility emissions. 


The Gaussian plume model used in CAP88 to estimate dispersion of radionuclides in air is one of the 
most commonly used models. Its results agree with experimental data, as well as with results of other 
models. The EPA Office of Radiation Programs has compared predictions of annual average ground-level 
concentration to actual environmental measurements and found good agreement. 


Table 7.6-4 provides the radionuclide activity, release fractions, abatement fractions and abated potential 
to emit. The data is input into CAP88. Table 7.6-1 identifies the stack parameters (i.e., stack height, stack 
exit velocity), agriculture data (i.e., cattle density, land fraction crops), and code parameters (e.g., annual 
precipitation, annual temperature) input into CAP88. 


7.6.4 Liquid Release 


The ISF Facility is designed to collect process-generated liquids. No radioactive liquids are expected to 
be released from the facility. 


7.6.4.1 Treated Process Effluent (from Waste Treatment Area) 


The ISF Facility does not have any treated liquid process effluents. Section 6.3, Liquid Waste Treatment 
and Retention, discusses the management of process liquid waste generated. 


7.6.4.2 Sewage 


Liquids generated during the decontamination of personnel (e.g., eye wash stations and showers) will not 
be discharged to the facility sewer. 


7.6.4.3 Drinking Water 


A radioactive liquid release from the ISF Facility to drinking water is not a contamination pathway. 
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7.6.4.4 Rain Runoff 


ISF Facility operations will be conducted inside the facility. No radioactive liquid releases from rain 
runoff are expected. 


7.6.4.5 Laundry Waste 


Laundry services will not be performed at the ISF Facility. Cleaning of nondisposable PPE will be 
contracted with an approved vendor. 


7.6.4.6 Items Requiring Further Development 


There are no items requiring further development. The facility is designed for zero liquid releases. 


7.6.4.7 Changes Since Initial Submittal 


No changes to the ISF Facility design are planned that will cause liquid release to be a contamination 
pathway. 


 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 7.7-1 


 


  


7.7 REFERENCES 


7-1. U.S. Nuclear Regulatory Commission, Regulatory Guide 8.8, Information Relevant to Ensuring 
that Occupational Radiation Exposures at Nuclear Power Stations Will Be As Low As Is 
Reasonably Achievable, Revision 3, June 1978. 


7-2. U.S. Nuclear Regulatory Commission, Regulatory Guide 8.10, Operating Philosophy for 
Maintaining Occupational Radiation Exposures As Low As Is Reasonably Achievable, Revision 
1A, September 1977. 


7-3. Title 10, Code of Federal Regulations, Part 20, Standards for Protection Against Radiation. 


7-4. ORIGEN2, Isotope Generation and Depletion Code System–Matrix Exponential Method, 
CCC217, Oak Ridge National Laboratory, RSIC Computer Code Collection. 


7-5. ANSI/ANS 5.10 (1998), Airborne Release Fractions at Non-Reactor Nuclear Facilities. 


7-6. Title 10, Code of Federal Regulations, Part 72, Licensing Requirements for the Independent 
Storage of Spent Nuclear Fuel and High-Level Radioactive Waste. 


7-7. U.S. Nuclear Regulatory Commission, Regulatory Guide 8.38, Control of Access to High and 
Very High Radiation Areas of Nuclear Plants, Revision 1, June 1997. 


7-8. MCNP4B2: Monte Carlo N-Particle Transport Code System, CCC660, Oak Ridge National 
Laboratory, RISC Computer Code Collection. 


7-9. Hall (2001), fax from Art Hall, Oregon State University, to Dave Hess, Morh and Associates, 
March 26, 2001. 


7-10. U.S. Nuclear Regulatory Commission, Regulatory Guide 8.25, Air Sampling in the Workplace, 
Revision 1, June 1992. 


7-11. ANSI/ANS3.11993, Selection, Qualification, and Training of Personnel for Nuclear Power 
Plants. 


7-12. U.S. Nuclear Regulatory Commission, Regulatory Guide 8.9, Acceptable Concepts, Models, 
Equations, and Assumptions for a Bioassay Program, Revision 1. July 1993. 


7-13. U.S. Nuclear Regulatory Commission, Regulatory Guide 8.11, Applications of Bioassay for 
Uranium, Revision 1, June 1974. 


7-14. U.S. Nuclear Regulatory Commission, Regulatory Guide 8.26, Application of Bioassay for 
Fission and Activation Products, Revision 1, September 1990. 


7-15. International Commission on Radiological Protection (ICRP), Publication 30, Limits for Intakes 
of Radionuclides by Workers, 1979. 







ISF FACILITY 
Safety Analysis Report 


Rev. 4 
Page 7.7-2 


 


  


7-16. Title 10, Code of Federal Regulations, Part 19, Notices, Instructions and Reports to Workers: 
Inspection and Investigations. 


7-17. Title 10, Code of Federal Regulations, Part 31, General Domestic Licenses for Byproduct 
Material. 


7-18. U.S. Nuclear Regulatory Commission, NUREG1400, Air Sampling in the Workplace, Revision 1, 
June 1993. 


7-19. U.S. Nuclear Regulatory Commission, Regulatory Guide 8.14, Acceptable Programs for 
Respiratory Protection, Revision 1, October 1999. 
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Table 7.1-1 
Instruments Used in the Low-Background Counting Room 


 


Instrument No. Media Analysis 
HPGe system 1 Solids, liquids, air filter Gamma energy analysis 
Low-background alpha-beta 
counter 


1 Air filters, wipes Gross alpha and beta 


End-window G/M 2 Solids, filters, wipes Gross activity (beta-gamma) 
analysis 


Liquid scintillation 1 Gas sampling media, wipes, 
solids 


Low-energy beta analysis 
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Table 7.1-2 
Instruments Used to Measure Radiation Dose Rates, Levels of Contamination, 


and Concentrations of Airborne Radioactivity in the Field 


Application/ 
Instrument 


Individual 
Monitoring


Portable 
Instruments


Fixed Locale 
Instruments 


Numbers of 
Instruments 


Instrument 
Ranges 


Dose Rate 


Area radiation monitors   X 15 0.1 to 100(1) or 
0.1 to 1000(1) 


Low dose rate 
instruments  X  6 0 to 5(1) or 


0 to 50(1) 
High dose rate 
instruments  X  3 0 to 5000(1) 


Neutron dose rate 
instruments  X  3 0 to 1000(1) 


TLDs X  X Personnel/area 0 to 1000(2) 
Self-reading dosimeter X   Personnel 0 to 200(1) 


Alarming dosimeters X   10% of 
Personnel 0 to 200(1) 


Criticality dosimeters X  X Personnel/area N/A 
Contamination 
Alpha scintillation  X  3 0 to 50,000(3) 
Alpha proportional  X  3 0 to 50,000(3) 
GM frisker  X  9 0 to 50,000(3) 
Scaler   X 2 0 to 100000 cts 
Floor monitor  X  2 0 to 50,000(3) 
Hand and foot monitors   X 2 0 to 5000(3) 
Portal monitors   X 1 0 to 5000(3) 
Airborne Radioactivity 
Hi-volume air sampler  X  3 10 to 30 cfm 
Low-volume air sampler   X 12 1-5 cfm 
Continuous air monitors   X 10 1 to 5 cfm 
Lapel air samplers X   4 1 to 2 Lpm 
Stack monitor   X 1 1-5 cfm 


Notes: 
(1)  mrem/hr 
(2)  rem/hr 
(3)  counts per minute 
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 Table 7.2-1 Sheet 1 of 2 
TRIGA Fuel Element Module Activities (Curies) 


 
Nuclide Activity % Activity 
225Ac 6.44x10-10 0.00% 
227Ac 3.61x10-09 0.00% 
228Ac 1.11x10-09 0.00% 
110Ag 2.35x10-07 0.00% 
110mAg 1.77x10-05 0.00% 
241Am 9.00x10-03 0.01% 
242Am 9.29x10-06 0.00% 
242mAm 9.34x10-06 0.00% 
243Am 9.82x10-07 0.00% 
217At 6.44x10-10 0.00% 
137mBa 1.68x10+01 17.93% 
10Be 1.34x10-07 0.00% 
211Bi 3.61x10-09 0.00% 
212Bi 3.06x10-07 0.00% 
213Bi 6.44x10-10 0.00% 
14C 8.56x10-04 0.00% 
113mCd 2.00x10-03 0.00% 
115mCd 5.95x10-18 0.00% 
141Ce 2.27x10-20 0.00% 
144Ce 6.05x10-01 0.65% 
36Cl 1.87x10-05 0.00% 
242Cm 9.31x10-06 0.00% 
243Cm 1.15x10-06 0.00% 
244Cm 1.06x10-05 0.00% 
245Cm 1.10x10-10 0.00% 
60Co 7.01x10+00 7.50% 
51Cr 7.44x10-25 0.00% 
134Cs 3.63x10-01 0.39% 
135Cs 2.14x10-04 0.00% 
137Cs 1.77x10+01 18.96% 
152Eu 9.05x10-03 0.01% 
154Eu 9.05x10-02 0.10% 
155Eu 1.58x10-01 0.17% 
55Fe 3.44x10+00 3.68% 
59Fe 1.12x10-16 0.00% 
221Fr 6.44x10-10 0.00% 
223Fr 4.98x10-11 0.00% 
153Gd 7.10x10-06 0.00% 
3H 6.80x10-02 0.07% 
129I 4.88x10-06 0.00% 


Nuclide Activity % Activity
129I 2.35x10-08 0.00% 
114In 5.60x10-18 0.00% 
114mIn 5.85x10-18 0.00% 
115mIn 4.18x10-22 0.00% 
85Kr 1.52x10+00 1.63% 
54Mn 1.43x10-02 0.02% 
93Mo 6.22x10-05 0.00% 
93mNb 1.76x10-04 0.00% 
94Nb 5.41x10-05 0.00% 
95Nb 3.86x10-09 0.00% 
95mNb 1.29x10-11 0.00% 
59Ni 3.61x10-03 0.00% 
63Ni 4.23x10-01 0.45% 
237Np 8.25x10-06 0.00% 
238Np 4.67x10-08 0.00% 
239Np 9.82x10-07 0.00% 
231Pa 2.07x10-08 0.00% 
233Pa 8.25x10-06 0.00% 
234Pa 6.79x10-08 0.00% 
234mPa 5.22x10-05 0.00% 
209Pb 6.44x10-10 0.00% 
211Pb 3.61x10-09 0.00% 
212Pb 3.06x10-07 0.00% 
107Pd 4.17x10-06 0.00% 
145Pm 7.75x10-06 0.00% 
147Pm 9.40x10+00 10.07% 
148Pm 4.90x10-19 0.00% 
148mPm 8.70x10-18 0.00% 
211Po 1.01x10-11 0.00% 
212Po 1.96x10-07 0.00% 
213Po 6.31x10-10 0.00% 
215Po 3.61x10-09 0.00% 
216Po 3.06x10-07 0.00% 
144Pr 6.05x10-01 0.65% 
144mPr 7.26x10-03 0.01% 
236Pu 6.23x10-08 0.00% 
237Pu 2.27x10-22 0.00% 
238Pu 6.78x10-03 0.01% 
239Pu 3.67x10-02 0.04% 
240Pu 1.42x10-02 0.02% 


Nuclide Activity % Activity
241Pu 6.31x10-01 0.68% 
242Pu 1.54x10-06 0.00% 
223Ra 3.61x10-09 0.00% 
224Ra 3.06x10-07 0.00% 
225Ra 6.44x10-10 0.00% 
228Ra 1.11x10-09 0.00% 
87Rb 5.92x10-09 0.00% 
106Rh 2.17x10-01 0.23% 
219Rn 3.61x10-09 0.00% 
220Rn 3.06x10-07 0.00% 
103Ru 7.91x10-17 0.00% 
106Ru 2.17x10-01 0.23% 
124Sb 6.78x10-14 0.00% 
125Sb 3.96x10-01 0.42% 
126Sb 1.13x10-05 0.00% 
126mSb 8.09x10-05 0.00% 
79Se 8.66x10-05 0.00% 
145Sm 5.10x10-07 0.00% 
147Sm 1.91x10-09 0.00% 
151Sm 1.49x10-01 0.16% 
119mSn 3.44x10-03 0.00% 
121mSn 3.78x10-04 0.00% 
123Sn 1.07x10-06 0.00% 
126Sn 8.09x10-05 0.00% 
89Sr 1.23x10-12 0.00% 
90Sr 1.67x10+01 17.90% 
160Tb 2.29x10-12 0.00% 
99Tc 2.94x10-03 0.00% 
123mTe 1.39x10-10 0.00% 
125mTe 9.67x10-02 0.10% 
127Te 2.46x10-07 0.00% 
127mTe 2.52x10-07 0.00% 
129Te 1.39x10-21 0.00% 
129mTe 2.13x10-21 0.00% 
227Th 3.56x10-09 0.00% 
228Th 3.05x10-07 0.00% 
229Th 6.44x10-10 0.00% 
230Th 8.81x10-11 0.00% 
231Th 6.69x10-05 0.00% 
232Th 1.68x10-09 0.00% 
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 Table 7.2-1  Sheet 2 of 2 
 TRIGA Fuel Element Module Activities (Curies) 
 


  


Nuclide Activity % Activity 
234Th 5.22x10-05 0.00% 
207Tl 3.60x10-09 0.00% 
208Tl 1.10x10-07 0.00% 
209Tl 1.39x10-11 0.00% 
232U 3.20x10-07 0.00% 
233U 8.12x10-07 0.00% 
234U 9.91x10-07 0.00% 


Nuclide Activity % Activity
235U 6.69x10-05 0.00% 
236U 8.44x10-05 0.00% 
237U 1.55x10-05 0.00% 
238U 5.22x10-05 0.00% 
90Y 1.67x10+01 17.90% 
91Y 1.31x10-10 0.00% 
65Zn 4.07x10-04 0.00% 


Nuclide Activity % Activity
93Zr 5.29x10-04 0.00% 
95Zr 1.74x10-09 0.00% 
Total 9.34x10+01 100% 
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Table 7.2-2 
Peach Bottom Core 1 Radionuclide Activities (Curies) 


 
Nuclide Activity % Activity 
225Ac 5.97x10-04 0.01% 
227Ac 2.22x10-04 0.01% 
228Ac 1.66x10-04 0.00% 
241Am 1.98x10-01 4.25% 
242Am 8.82x10-05 0.00% 
242mAm 8.86x10-05 0.00% 
243Am 8.90x10-05 0.00% 
217At 5.97x10-04 0.01% 
210Bi 3.14x10-08 0.00% 
211Bi 2.22x10-04 0.01% 
212Bi 1.56x10-04 0.00% 
213Bi 5.97x10-04 0.01% 
214Bi 9.75x10-08 0.00% 
14C 2.53x10-03 0.05% 
36Cl 7.17x10-05 0.00% 
242Cm 7.31x10-05 0.00% 
244Cm 1.72x10-03 0.04% 
245Cm 2.70x10-07 0.00% 
246Cm 8.76x10-09 0.00% 
135Cs 1.78x10-03 0.04% 
221Fr 5.97x10-04 0.01% 
223Fr 3.06x10-06 0.00% 
129I 4.95x10-05 0.00% 
93mNb 3.31x10-03 0.07% 
94Nb 3.32x10-05 0.00% 
59Ni 9.87x10-05 0.00% 
63Ni 9.87x10-03 0.21% 
237Np 4.99x10-04 0.01% 
238Np 4.43x10-07 0.00% 
239Np 8.90x10-05 0.00% 
231Pa 3.25x10-04 0.01% 
233Pa 4.99x10-04 0.01% 
234Pa 6.21x10-09 0.00% 
234mPa 4.78x10-06 0.00% 
209Pb 5.97x10-04 0.01% 
210Pb 3.13x10-08 0.00% 
211Pb 2.22x10-04 0.01% 
212Pb 1.56x10-04 0.00% 
214Pb 9.75x10-08 0.00% 
107Pd 3.21x10-05 0.00% 
210Po 3.14x10-08 0.00% 


Nuclide Activity % Activity 
211Po 6.22x10-07 0.00% 
212Po 9.97x10-05 0.00% 
213Po 5.84x10-04 0.01% 
214Po 9.74x10-08 0.00% 
215Po 2.22x10-04 0.01% 
216Po 1.56x10-04 0.00% 
218Po 9.75x10-08 0.00% 
238Pu 1.17x10+00 24.91% 
239Pu 2.78x10-02 0.59% 
240Pu 2.17x10-02 0.46% 
241Pu 1.38x10+00 29.49% 
242Pu 2.86x10-05 0.00% 
223Ra 2.22x10-04 0.01% 
224Ra 1.56x10-04 0.00% 
225Ra 5.97x10-04 0.01% 
226Ra 9.75x10-08 0.00% 
228Ra 1.66x10-04 0.00% 
219Rn 2.22x10-04 0.01% 
220Rn 1.56x10-04 0.00% 
222Rn 9.75x10-08 0.00% 
126Sb 1.18x10-04 0.00% 
126mSb 8.41x10-04 0.02% 
79Se 9.10x10-04 0.02% 
151Sm 1.61x10+00 34.51% 
126Sn 8.41x10-04 0.02% 
99Tc 2.75x10-02 0.59% 
227Th 2.19x10-04 0.01% 
228Th 1.56x10-04 0.00% 
229Th 5.97x10-04 0.01% 
230Th 1.10x10-05 0.00% 
231Th 4.95x10-04 0.01% 
232Th 1.69x10-04 0.00% 
234Th 4.78x10-06 0.00% 
207Tl 2.21x10-04 0.01% 
208Tl 5.59x10-05 0.00% 
209Tl 1.29x10-05 0.00% 
233U 1.77x10-01 3.77% 
234U 2.94x10-02 0.63% 
235U 4.95x10-04 0.01% 
236U 5.14x10-09 0.00% 
237U 3.38x10-05 0.00% 


Nuclide Activity % Activity 
238U 4.78x10-06 0.00% 
93Zr 4.33x10-03 0.09% 
Total 4.68x10+00 100% 
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Table 7.2-3 
Peach Bottom Core 2 Radionuclide Activities (Curies) 


 
Nuclide Activity % Activity 
225Ac 9.32x10-04 0.00% 
227Ac 3.75x10-04 0.00% 
228Ac 1.40x10-04 0.00% 
241Am 4.96x10-01 0.05% 
242Am 3.65x10-04 0.00% 
242mAm 3.67x10-04 0.00% 
243Am 3.32x10-03 0.00% 
217At 9.32x10-04 0.00% 
137mBa 2.19x10+02 23.57% 
10Be 1.21x10-04 0.00% 
210Bi 5.13x10-08 0.00% 
211Bi 3.76x10-04 0.00% 
212Bi 1.28x10-01 0.01% 
213Bi 9.32x10-04 0.00% 
214Bi 1.26x10-07 0.00% 
14C 8.34x10-03 0.00% 
113mCd 1.48x10-02 0.00% 
144Ce 1.36x10-08 0.00% 
36Cl 2.12x10-04 0.00% 
242Cm 3.02x10-04 0.00% 
243Cm 2.82x10-03 0.00% 
244Cm 3.09x10-01 0.03% 
245Cm 1.16x10-04 0.00% 
246Cm 1.70x10-05 0.00% 
60Co 2.69x10-01 0.03% 
134Cs 3.62x10-02 0.00% 
135Cs 3.15x10-03 0.00% 
137Cs 2.32x10+02 24.91% 
152Eu 2.17x10-02 0.00% 
154Eu 2.99x10+00 0.32% 
155Eu 2.97x10-01 0.03% 
55Fe 5.01x10-04 0.00% 
221Fr 9.32x10-04 0.00% 
223Fr 5.17x10-06 0.00% 
3H 1.21x10+00 0.13% 
129I 1.25x10-04 0.00% 
85Kr 8.51x10+00 0.92% 
93Mo 3.29x10-06 0.00% 
93mNb 7.50x10-03 0.00% 
94Nb 9.85x10-05 0.00% 


Nuclide Activity % Activity
59Ni 2.80x10-04 0.00% 
63Ni 2.96x10-02 0.00% 
237Np 2.09x10-03 0.00% 
238Np 1.83x10-06 0.00% 
239Np 3.32x10-03 0.00% 
231Pa 5.93x10-04 0.00% 
233Pa 2.09x10-03 0.00% 
234Pa 4.38x10-09 0.00% 
234mPa 3.37x10-06 0.00% 
209Pb 9.32x10-04 0.00% 
210Pb 5.13x10-08 0.00% 
211Pb 3.76x10-04 0.00% 
212Pb 1.28x10-01 0.01% 
214Pb 1.26x10-07 0.00% 
107Pd 7.63x10-05 0.00% 
145Pm 3.57x10-05 0.00% 
147Pm 1.93x10-01 0.02% 
210Po 4.82x10-08 0.00% 
211Po 1.05x10-06 0.00% 
212Po 8.18x10-02 0.01% 
213Po 9.12x10-04 0.00% 
214Po 1.26x10-07 0.00% 
215Po 3.76x10-04 0.00% 
216Po 1.28x10-01 0.01% 
218Po 1.26x10-07 0.00% 
144Pr 1.36x10-08 0.00% 
236Pu 1.20x10-07 0.00% 
238Pu 1.73x10+01 1.86% 
239Pu 2.43x10-02 0.00% 
240Pu 3.06x10-02 0.00% 
241Pu 4.66x10+00 0.50% 
242Pu 3.69x10-04 0.00% 
223Ra 3.76x10-04 0.00% 
224Ra 1.28x10-01 0.01% 
225Ra 9.32x10-04 0.00% 
226Ra 1.26x10-07 0.00% 
228Ra 1.40x10-04 0.00% 
87Rb 1.40x10-07 0.00% 
106Rh 4.64x10-07 0.00% 
219Rn 3.76x10-04 0.00% 


Nuclide Activity % Activity
220Rn 1.28x10-01 0.01% 
222Rn 1.26x10-07 0.00% 
106Ru 4.64x10-07 0.00% 
125Sb 1.81x10-02 0.00% 
126Sb 3.36x10-04 0.00% 
126mSb 2.40x10-03 0.00% 
79Se 2.44x10-03 0.00% 
147Sm 2.06x10-08 0.00% 
151Sm 1.75x10+00 0.19% 
121mSn 4.50x10-04 0.00% 
126Sn 2.40x10-03 0.00% 
90Sr 2.20x10+02 23.62% 
99Tc 5.56x10-02 0.01% 
125mTe 4.41x10-03 0.00% 
227Th 3.71x10-04 0.00% 
228Th 1.27x10-01 0.01% 
229Th 9.32x10-04 0.00% 
230Th 1.47x10-05 0.00% 
231Th 1.63x10-04 0.00% 
232Th 1.44x10-04 0.00% 
234Th 3.37x10-06 0.00% 
207Tl 3.75x10-04 0.00% 
208Tl 4.59x10-02 0.01% 
209Tl 2.01x10-05 0.00% 
232U 1.20x10-01 0.01% 
233U 3.14x10-01 0.03% 
234U 3.89x10-02 0.00% 
235U 1.63x10-04 0.00% 
236U 1.89x10-03 0.00% 
237U 1.14x10-04 0.00% 
238U 3.37x10-06 0.00% 
90Y 2.20x10+02 23.63% 
93Zr 9.83x10-03 0.00% 
Total 9.31x10+02 100% 
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Table 7.2-4 
Shippingport Type IV Reflector Module Activities (Curies) 


 
Nuclide Activity % Activity 
225Ac 7.24x10-02 0.00% 
227Ac 1.65x10-01 0.01% 
228Ac 1.48x10-01 0.01% 
241Am 3.98x10-04 0.00% 
242Am 3.45x10-07 0.00% 
242mAm 3.46x10-07 0.00% 
243Am 2.02x10-08 0.00% 
217At 7.24x10-02 0.00% 
137mBa 5.57x10+02 22.02% 
10Be 5.23x10-08 0.00% 
210Bi 3.75x10-06 0.00% 
211Bi 1.65x10-01 0.01% 
212Bi 7.39x10+00 0.29% 
213Bi 7.24x10-02 0.00% 
214Bi 1.24x10-05 0.00% 
14C 3.60x10-02 0.00% 
113mCd 3.93x10-02 0.00% 
144Ce 4.16x10-05 0.00% 
36Cl 5.44x10-07 0.00% 
242Cm 2.86x10-07 0.00% 
243Cm 1.68x10-08 0.00% 
244Cm 1.34x10-07 0.00% 
60Co 2.63x10+00 0.10% 
134Cs 7.03x10-02 0.00% 
135Cs 1.02x10-02 0.00% 
137Cs 5.89x10+02 23.28% 
152Eu 9.36x10-02 0.00% 
154Eu 7.17x10-01 0.03% 
155Eu 6.22x10-01 0.03% 
55Fe 6.65x10-02 0.00% 
221Fr 7.24x10-02 0.00% 
223Fr 2.28x10-03 0.00% 
3H 1.41x10+00 0.06% 
129I 4.45x10-04 0.00% 
85Kr 4.75x10+01 1.88% 
54Mn 6.73x10-08 0.00% 
93Mo 7.49x10-05 0.00% 
93mNb 2.28x10-02 0.00% 
94Nb 3.04x10-03 0.00% 
59Ni 9.81x10-04 0.00% 
63Ni 1.03x10-01 0.00% 


Nuclide Activity % Activity 
237Np 2.64x10-08 0.00% 
239Np 2.02x10-08 0.00% 
231Pa 3.08x10-01 0.01% 
233Pa 2.64x10-08 0.00% 
234mPa 3.49x10-07 0.00% 
209Pb 7.24x10-02 0.00% 
210Pb 3.75x10-06 0.00% 
211Pb 1.65x10-01 0.01% 
212Pb 7.39x10+00 0.29% 
214Pb 1.24x10-05 0.00% 
107Pd 9.47x10-05 0.00% 
145Pm 6.14x10-04 0.00% 
147Pm 6.81x10+00 0.27% 
210Po 3.48x10-06 0.00% 
211Po 4.63x10-04 0.00% 
212Po 4.73x10+00 0.19% 
213Po 7.08x10-02 0.00% 
214Po 1.24x10-05 0.00% 
215Po 1.65x10-01 0.01% 
216Po 7.39x10+00 0.29% 
218Po 1.24x10-05 0.00% 
144Pr 4.16x10-05 0.00% 
144mPr 5.00x10-07 0.00% 
238Pu 1.88x10-05 0.00% 
239Pu 9.14x10-04 0.00% 
240Pu 2.17x10-04 0.00% 
241Pu 6.09x10-03 0.00% 
242Pu 2.00x10-08 0.00% 
223Ra 1.65x10-01 0.01% 
224Ra 7.39x10+00 0.29% 
225Ra 7.24x10-02 0.00% 
226Ra 1.24x10-05 0.00% 
228Ra 1.48x10-01 0.01% 
87Rb 4.22x10-07 0.00% 
106Rh 1.81x10-04 0.00% 
219Rn 1.65x10-01 0.01% 
220Rn 7.39x10+00 0.29% 
222Rn 1.24x10-05 0.00% 
106Ru 1.81x10-04 0.00% 
125Sb 1.19x10+00 0.05% 
126Sb 1.49x10-03 0.00% 


Nuclide Activity % Activity 
126mSb 1.06x10-02 0.00% 
79Se 9.79x10-03 0.00% 
147Sm 8.64x10-08 0.00% 
151Sm 6.94x10+00 0.27% 
119mSn 6.51x10-08 0.00% 
121mSn 4.57x10-02 0.00% 
126Sn 1.06x10-02 0.00% 
90Sr 6.11x10+02 24.14% 
99Tc 9.94x10-02 0.00% 
125mTe 2.89x10-01 0.01% 
227Th 1.63x10-01 0.01% 
228Th 7.36x10+00 0.29% 
229Th 7.24x10-02 0.00% 
230Th 1.22x10-03 0.00% 
231Th 1.65x10-06 0.00% 
232Th 1.58x10-01 0.01% 
234Th 3.49x10-07 0.00% 
207Tl 1.65x10-01 0.01% 
208Tl 2.66x10+00 0.11% 
209Tl 1.56x10-03 0.00% 
232U 7.03x10+00 0.28% 
233U 3.18x10+01 1.26% 
234U 2.28x10-01 0.01% 
235U 1.65x10-06 0.00% 
236U 4.02x10-07 0.00% 
237U 1.49x10-07 0.00% 
238U 3.49x10-07 0.00% 
90Y 6.11x10+02 24.15% 
93Zr 3.42x10-02 0.00% 
Total 2.53x10+03 100% 
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Table 7.2-5 
Shippingport Type V Reflector Module Activities (Curies) 


 


Nuclide Activity % Activity 
225Ac 5.27x10-02 0.00% 
227Ac 1.20x10-01 0.01% 
228Ac 1.08x10-01 0.01% 
241Am 2.90x10-04 0.00% 
242Am 2.51x10-07 0.00% 
242mAm 2.52x10-07 0.00% 
243Am 1.47x10-08 0.00% 
217At 5.27x10-02 0.00% 
137mBa 4.05x10+02 22.02% 
10Be 3.81x10-08 0.00% 
210Bi 2.73x10-06 0.00% 
211Bi 1.20x10-01 0.01% 
212Bi 5.38x10+00 0.29% 
213Bi 5.27x10-02 0.00% 
214Bi 9.04x10-06 0.00% 
14C 2.62x10-02 0.00% 
113mCd 2.86x10-02 0.00% 
144Ce 3.03x10-05 0.00% 
36Cl 3.96x10-07 0.00% 
242Cm 2.08x10-07 0.00% 
243Cm 1.22x10-08 0.00% 
244Cm 9.76x10-08 0.00% 
60Co 1.92x10+00 0.10% 
134Cs 5.11x10-02 0.00% 
135Cs 7.40x10-03 0.00% 
137Cs 4.29x10+02 23.28% 
152Eu 6.81x10-02 0.00% 
154Eu 5.22x10-01 0.03% 
155Eu 4.53x10-01 0.03% 
55Fe 4.84x10-02 0.00% 
221Fr 5.27x10-02 0.00% 
223Fr 1.66x10-03 0.00% 
3H 1.03x10+00 0.06% 
129I 3.24x10-04 0.00% 
85Kr 3.46x10+01 1.88% 
54Mn 4.90x10-08 0.00% 
93Mo 5.45x10-05 0.00% 
93mNb 1.66x10-02 0.00% 
94Nb 2.21x10-03 0.00% 


Nuclide Activity % Activity 
59Ni 7.14x10-04 0.00% 
63Ni 7.51x10-02 0.00% 
237Np 1.92x10-08 0.00% 
239Np 1.47x10-08 0.00% 
231Pa 2.24x10-01 0.01% 
233Pa 1.92x10-08 0.00% 
234mPa 2.25x10-07 0.00% 
209Pb 5.27x10-02 0.00% 
210Pb 2.73x10-06 0.00% 
211Pb 1.20x10-01 0.01% 
212Pb 5.38x10+00 0.29% 
214Pb 9.04x10-06 0.00% 
107Pd 6.90x10-05 0.00% 
145Pm 4.47x10-04 0.00% 
147Pm 4.95x10+00 0.27% 
210Po 2.53x10-06 0.00% 
211Po 3.37x10-04 0.00% 
212Po 3.45x10+00 0.19% 
213Po 5.16x10-02 0.00% 
214Po 9.04x10-06 0.00% 
215Po 1.20x10-01 0.01% 
216Po 5.38x10+00 0.29% 
218Po 9.04x10-06 0.00% 
144Pr 3.03x10-05 0.00% 
144mPr 3.64x10-07 0.00% 
238Pu 1.37x10-05 0.00% 
239Pu 6.65x10-04 0.00% 
240Pu 1.58x10-04 0.00% 
241Pu 3.84x10-03 0.00% 
242Pu 1.45x10-08 0.00% 
223Ra 1.20x10-01 0.01% 
224Ra 5.38x10+00 0.29% 
225Ra 5.27x10-02 0.00% 
226Ra 9.04x10-06 0.00% 
228Ra 1.08x10-01 0.01% 
87Rb 3.07x10-07 0.00% 
106Rh 1.32x10-04 0.00% 
219Rn 1.20x10-01 0.01% 
220Rn 5.38x10+00 0.29% 


Nuclide Activity % Activity 
222Rn 9.04x10-06 0.00% 
106Ru 1.32x10-04 0.00% 
125Sb 8.63x10-01 0.05% 
126Sb 1.08x10-03 0.00% 
126mSb 7.73x10-03 0.00% 
79Se 7.13x10-03 0.00% 
147Sm 6.29x10-08 0.00% 
151Sm 5.05x10+00 0.27% 
119mSn 4.74x10-08 0.00% 
121mSn 3.33x10-02 0.00% 
126Sn 7.73x10-03 0.00% 
90Sr 4.45x10+02 24.14% 
99Tc 7.23x10-02 0.00% 
125mTe 2.11x10-01 0.01% 
227Th 1.19x10-01 0.01% 
228Th 5.36x10+00 0.29% 
229Th 5.27x10-02 0.00% 
230Th 8.85x10-04 0.00% 
231Th 1.20x10-06 0.00% 
232Th 1.15x10-01 0.01% 
234Th 2.54x10-07 0.00% 
207Tl 1.20x10-01 0.01% 
208Tl 1.93x10+00 0.11% 
209Tl 1.14x10-03 0.00% 
232U 5.12x10+00 0.28% 
233U 2.32x10+01 1.26% 
234U 1.66x10-01 0.01% 
235U 1.20x10-06 0.00% 
236U 2.92x10-07 0.00% 
237U 1.09x10-07 0.00% 
238U 2.54x10-07 0.00% 
90Y 4.45x10+02 24.15% 
93Zr 2.49x10-02 0.00% 
Total 1.84x10+03 100% 
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Table 7.2-6 
Photon Production Rate (photons/sec) for a  


Single Fuel Element or Fuel Module 


Group 


Mean 
Energy 
(MeV) PBC1 PBC2 


SH 
Type IV 


Reflector 


SH 
Type V 


Reflector TRIGA 
1 0.010 9.946E+09 6.569E+12 1.839E+13 1.325E+13 5.478E+11 
2 0.025 2.684E+08 1.335E+12 3.739E+12 2.723E+12 1.218E+11 
3 0.038 6.829E+07 1.423E+12 3.777E+12 2.750E+12 1.199E+11 
4 0.058 2.747E+09 1.246E+12 3.440E+12 2.504E+12 1.031E+11 
5 0.085 6.848E+07 7.402E+11 2.165E+12 1.576E+12 6.282E+10 
6 0.125 1.702E+07 5.191E+11 1.336E+12 9.731E+11 4.381E+10 
7 0.225 3.289E+07 6.318E+11 1.895E+12 1.380E+12 5.188E+10 
8 0.375 5.561E+07 2.622E+12 7.730E+11 5.627E+11 2.733E+10 
9 0.575 7.906E+07 8.500E+12 2.174E+13 1.583E+13 6.770E+11 


10 0.850 9.656E+06 9.782E+10 1.896E+11 1.380E+11 1.776E+10 
11 1.250 3.641E+06 9.270E+10 2.527E+11 1.840E+11 5.227E+11 
12 1.750 1.144E+06 3.006E+09 1.324E+10 9.635E+09 1.975E+08 
13 2.250 4.503E+02 2.363E+05 1.430E+06 8.456E+07 1.849E+08 
14 2.750 1.963E+06 1.610E+09 9.319E+10 6.785E+10 1.890E+06 
15 3.500 7.133E+01 4.888E+03 8.217E+02 5.982E+02 2.255E+05 
16 5.000 2.879E+01 2.075E+03 1.509E+02 1.098E+02 3.590E+00 
17 7.000 3.156E+00 2.375E+02 9.800E+00 7.135E+00 4.068E-01 
18 9.000 3.523E-01 2.716E+01 6.210E-01 4.521E-01 4.637E-02 


Total photons/Assembly 1.330E+10 2.378E+13 5.780E+13 4.195E+13 2.296E+12 
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Table 7.2-7 
Neutron Spectrum (neutrons/sec) for 


Peach Bottom and TRIGA Fuels 


Group 
Energy 
(MeV) Peach Bottom 


 
TRIGA 


1 9.5 - 10.0 2.31E+01 8.18E+00 
2 9.0 - 9.5 3.45E+01 1.28E+01 
3 8.5 - 9.0 5.12E+01 2.01E+01 
4 8.0 - 8.5 8.46E+01 3.11E+01 
5 7.5 - 8.0 2.16E+02 4.83E+01 
6 7.0 - 7.5 2.22E+03 7.42E+01 
7 6.5 - 7.0 5.25E+03 1.13E+02 
8 6.0 - 6.5 6.38E+03 1.71E+02 
9 5.5 - 6.0 7.21E+03 2.58E+02 


10 5.0 - 5.5 9.73E+03 3.82E+02 
11 4.5 - 5.0 1.08E+04 5.65E+02 
12 4.0 - 4.5 9.52E+03 8.18E+02 
13 3.5 - 4.0 8.92E+03 1.17E+03 
14 3.0 - 3.5 5.80E+03 1.64E+03 
15 2.5 - 3.0 3.45E+03 2.25E+03 
16 2.0 - 2.5 4.18E+03 3.00E+03 
17 1.5 - 2.0 5.14E+03 3.82E+03 
18 1.0 - 1.5 6.06E+03 4.56E+03 
19 0.5 - 1.0 6.82E+03 4.86E+03 
20 0 - 0.5 8.63E+03 3.46E+03 


 Total - Element: 1.00E+05 2.73E+04 
 Total - Canister: 1.00E+06 2.94E+06 


 


Total -
PBTransfer 


Cask: 1.81E+06 2.45E+06 


Notes: 


Volume TRIGA = 397.5 cc 
Volume Peach Bottom = 4181.6 cc 
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Table 7.2-8 
Postulated Airborne Radioactive Material Sources 


(uCi/ml) 


Nuclide Normal Off-Normal 
241Am 1.10x10-17 1.10x10-16 
137Cs 2.27x10-13 2.27x10-12 
129I 6.92x10-13 6.92x10-12 
238Pu 3.82x10-16 3.82x10-15 
239Pu 5.38x10-19 5.38x10-18 
240Pu 6.77x10-19 6.77x10-18 
241Pu 1.03x10-16 1.03x10-15 
151Sm 3.87x10-17 3.87x10-16 
99Tc 1.23x10-18 1.23x10-17 
233U 6.95x10-18 6.95x10-17 
234U 8.60x10-19 8.60x10-18 
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Table 7.3-1 
Photon Intensity Spectra by Canister 


Group 


Mean 
Energy 
(MeV) 


Peach 
Bottom 


Canister1 


Peach 
Bottom 


Canister 2 
Shippingport 
Reflector (IV) 


Shippingport 
Reflector (V)  TRIGA  


1 0.010 9.946E+09 6.569E+12 1.839E+13 1.325E+13 5.478E+11 
2 0.025 2.684E+08 1.335E+12 3.739E+12 2.723E+12 1.218E+11 
3 0.038 6.829E+07 1.423E+12 3.777E+12 2.750E+12 1.199E+11 
4 0.058 2.747E+09 1.246E+12 3.440E+12 2.504E+12 1.031E+11 
5 0.085 6.848E+07 7.402E+11 2.165E+12 1.576E+12 6.282E+10 
6 0.125 1.702E+07 5.191E+11 1.336E+12 9.731E+11 4.381E+10 
7 0.225 3.289E+07 6.318E+11 1.895E+12 1.380E+12 5.188E+10 
8 0.375 5.561E+07 2.622E+12 7.730E+11 5.627E+11 2.733E+10 
9 0.575 7.906E+07 8.500E+12 2.174E+13 1.583E+13 6.770E+11 
10 0.850 9.656E+06 9.782E+10 1.896E+11 1.380E+11 1.776E+10 
11 1.250 3.641E+06 9.270E+10 2.527E+11 1.840E+11 5.227E+11 
12 1.750 1.144E+06 3.006E+09 1.324E+10 9.635E+09 1.975E+08 
13 2.250 4.503E+02 2.363E+05 1.430E+06 8.456E+07 1.849E+08 
14 2.750 1.963E+06 1.610E+09 9.319E+10 6.785E+10 1.890E+06 
15 3.500 7.133E+01 4.888E+03 8.217E+02 5.982E+02 2.255E+05 
16 5.000 2.879E+01 2.075E+03 1.509E+02 1.098E+02 3.590E+00 
17 7.000 3.156E+00 2.375E+02 9.800E+00 7.135E+00 4.068E-01 
18 9.000 3.523E-01 2.716E+01 6.210E-01 4.521E-01 4.637E-02 


Total photons / Assembly 1.330E+10 2.378E+13 5.780E+13 4.195E+13 2.296E+12 
Assemblies /  Canister 10 10 1 1 108 
Total photons / Canister 1.330E+11 2.378E+14 5.780E+13 4.195E+13 6.497E+14 


 







ISF FACILITY 
Safety Analysis Report Rev. 4 
 


  


Table 7.3-2 
Compositions of the Materials Modeled


316 SS(2) Density (g/cc)= 7.92000x10+00


  Atom density 
material Atom fraction Atoms/bcm 
carbon 1.59003x10-03 1.39609x10-04


55Mn 2.31750x10-02 2.03483x10-03


Silicon 2.26663x10-02 1.99017x10-03


50Cr 9.06217x10-03 7.95685x10-04


52Cr 1.74590x10-01 1.53295x10-02


53Cr 1.97927x10-02 1.73786x10-03


54Cr 4.92150x10-03 4.32122x10-04


54Fe 4.32897x10-02 3.80096x10-03


56Fe 6.84499x10-01 6.01010x10-02


57Fe 1.64137x10-02 1.44117x10-03


 Atom dens. = 8.78029x10-02


Concrete(3) Density (g/cc)= 2.40000x10+00


  Atom density 
Material Atom fraction Atoms/bcm 
1H 1.34844x10-01 1.03479x10-02


2H 2.02305x10-05 1.55249x10-06


10B 2.08755x10-05 1.60199x10-06


16O 5.66232x10-01 4.34526x10-02


17O 2.26581x10-04 1.73878x10-05


27Al 2.03673x10-02 1.56299x10-03


Silicon 1.84648x10-01 1.41699x10-02


Calcium 8.37105x10-02 6.42394x10-03


54Fe 5.85922x10-04 4.49637x10-05


56Fe 9.10860x10-03 6.98994x10-04


57Fe 2.08547x10-04 1.60039x10-05


58Fe 2.78066x10-05 2.13388x10-06


 Atom dens. = 7.67400x10-02


JABROC(4) Density (g/cc)= 1.30000x10+00 


  Atom density 
Material Atom fraction Atoms/bcm 
Hydrogen 4.62119x10-01 4.62965x10-02 


Carbon 3.21879x10-01 3.22468x10-02


N14 8.31659x10-04 8.33181x10-05


N15 3.00860x10-06 3.01411x10-07


O16 2.11930x10-01 2.12318x10-02


Na23 2.8480x10-03 2.85321x10-04


Calcium 3.88989x10-04 3.89701x10-05


 Atom dens. = 1.00183x10-01


AIR Density (g/cc)= 0.00029 
 Atom dens. = 1 
LEAD Density (g/cc)= 11.4 
 Atom dens. = 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Notes:  
(1) Handbook of Chemistry and Physics, 54th Edition, CRC Press 
(2) American Society for Metals, Metals Handbook, Ninth Edition, 1978 Volume 1 properties and selections: Irons 


and Steels 
(3) ANSI/ANS6.41997, Nuclear Analysis and Design of Concrete Radiation Shielding for Nuclear Power Plants 
(4) Permuli Gloucester Limited publication 8.200/1, Typical Properties of Jabroc ‘N’, Permal: 


Gloucester Limited 
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Table 7.4-1 
Estimated Annual Occupancy Times 


Area 
Annual Occupancy 


(hours) 
Maximum Hours for 
an Individual (hours) 


Total Person-
Hours 


Design Dose 
Rate mrem/hr 


Cask Receipt Area 1600 574 2295 0.9 
Cask return 1306 527 1962 0.5 
FPA 1820 1820 9100 0.5 
CCA 1765 466 2231 1.5 
SWPA 1593 797 2390 5 
Storage Area 675 364 1036 0.5 
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 Table 7.4-2 Sheet 1 of 4


Summary of Occupational Dose for Fuel Handling Operations 


Task 
Craft 


(Type) 
Craft 


(Number) 
Duration 
(minutes) 


Effective 
Average 


Person Dose 
Rate 


(mrem/hour) 


Total 
Individual 


Dose/activity 
(mrem) 


Total Collective 
Dose  


(person-mrem) 


Transfer Cask Receipt (65 operations per year) 
Receive Transfer 
Cask at security 
gate 


Operator 
RPT 
QA/QC 
Security 


1 
1 
1 
1 


60 
60 
60 
60 


1.3 
1.8 
1.8 
0.6 


1.3 
1.8 
1.8 
0.6 


1.3 
1.8 
1.8 
0.6 


Prep Transfer Cask 
for transfer to trolley 


Operator 
RPT 
QA/QC 


2 
1 
1 


141 
141 
141 


3.29 
1.2 
0.7 


7.7 
2.8 
1.6 


15.5 
2.8 
1.6 


Position and tie 
down Transfer Cask 
on trolley 


Operator 
RPT 


3 
1 


90 
90 


2.6 
2.6 


3.9 
3.9 


11.7 
3.9 


Prep Transfer Cask 
for FPA unloading 


Operator 
RPT 


3 
1 


40 
40 


6.6 
6.6 


4.4 
4.4 


13.2 
4.4 


Exposure per Transfer Cask receipt  59 person-
mrem 


Total annual exposure for Transfer Cask receipts  3835 person-
mrem 


Transfer Cask Return (65 operations per year) 


Survey and 
decontamination 


Operator 
RPT 


3 
1 


105 
105 


3.8 
3.8 


6.7 
6.7 


20 
6.7 


Prep Transfer Cask 
for shipment 


Operator 
RPT 
QA/QC 


2 
1 
1 


84 
84 
84 


3.8 
3.8 
3.8 


5.3 
5.3 
5.3 


10.6 
5.3 
5.3 


Cask dispatch 


Operator 
RPT 
QA/QC 
Security 


1 
1 
1 
1 


115 
115 
115 
115 


0.01 
0.005 
0.02 
0.005 


0.02 
0.01 
0.04 
0.01 


0.02 
0.01 
0.04 
0.01 


Exposure per Transfer Cask Return  48 person-
mrem 


Total annual exposure for Transfer Cask Returns  3120 person-
mrem 
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 Table 7.4-2 Sheet 2 of 4


Summary of Occupational Dose for Fuel Handling Operations 


Task 
Craft 


(Type) 
Craft 


(Number) 
Duration 
(minutes) 


Effective 
Average 


Person Dose 
Rate 


(mrem/hour) 


Total 
Individual 


Dose/activity 
(mrem) 


Total Collective 
Dose  


(person-mrem) 


CCA Operations (52 operations per year) 


Survey, 
decontamination, 
and weld prep 


Operator 
RPT 
QA/QC 
Weld Tech 


1 
1 
1 
2 


35 
35 
35 
35 


3.2 
1.6 
1.9 
1.2 


1.9 
0.9 
1.1 
0.7 


1.9 
0.9 
1.1 
1.4 


Close cask Operator 
RPT 
QA/QC 
Weld Tech 


1 
1 
1 
2 


203 
203 
203 
203 


1.4 
0.3 
0.3 
1.4 


4.7 
1.0 
1.0 
4.7 


4.7 
1.0 
1.0 
9.5 


Trolley Prep Operator 2 18 6 1.8 3.6 


Exposure per CCA Operation 25 person-
mrem 


Total annual exposure for CCA Operations 1300 person-
mrem 


FPA Operating Gallery (52 operations per year) 


Fuel Transfer 
Operations 


Operator 
RPT 


4 
1 


2100 
2100 


0.05 
0.02 


1.8 
0.7 


7 
0.7 


Exposure per FPA Operation 8 person-mrem


Total annual exposure for FPA Operations 416 person-
mrem 


Storage Area Operations (52 operations per year) 


Retrieve canister 
from trolley 


Operator 
RPT 


2 
1 


96 
96 


0.4 
0.3 


0.6 
0.5 


1.3 
0.5 


Manual opening of 
storage tube 


Operator 
RPT 


2 
1 


17 
17 


0.9 
0.4 


0.3 
0.1 


0.5 
0.1 


CHM operation Operator 2 58 0.4 0.4 0.8 


Manual closing of 
storage tube 


Operator 
RPT 
QA/QC 


2 
1 
1 


29 
29 
29 


3.0 
0.3 
1.6 


1.5 
0.1 
0.8 


2.9 
0.1 
0.8 


Exposure per Storage Area Operation 7 person-mrem


Total annual exposure for Storage Area Operations 364 person-
mrem 
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 Table 7.4-2 Sheet 3 of 4
Summary of Occupational Dose for Fuel Handling Operations 


Task 
Craft 


(Type) 
Craft 


(Number) 
Duration 
(minutes) 


Effective 
Average 


Person Dose 
Rate 


(mrem/hour) 


Total 
Individual 


Dose/activity 
(mrem) 


Total Collective 
Dose  


(person-mrem) 


Waste Area Operations  


Size reduction large 
component 
(60 operations per 
year) 


Operator 
RPT 


2 
1 


312 
312 


20/(2)1 
10/(1)1 


104/(10.4)1 


52/(5.2) 1 
208(20.8) (1) 
52/(5.2) (1) 


Size reduction small 
component 
(60 operations per 
year) 


Operator 
RPT 


2 
1 


404 
404 


20/(2)1 
10/(1)1 


135/(13.5) 1 
67.3/(6.73) 1 


270/(27) (1) 
67.3/(6.73) (1) 


Operate compactor 
(24 operations per 
year) 


Operator 
RPT 


2 
1 


200 
200 


3 
1.5 


10 
5 


20 
5 


Waste Tank 
operations 
(4 per year) 


Operator 
RPT 


2 
1 


20 
20 


3 
1.5 


1 
0.5 


2 
0.5 


Total annual exposure for Waste Area Operations 


36448 person-
mrem(1) 


(4194 person-
mrem) 


Maintenance and Repair (52 operations per year) 


Routine Operations 


Millwright 
Machinist 
Electronic 
Tech 


2 
1 
2 


1050 
1050 
525 


1 
1 
1 


17.5 
17.5 
8.75 


35 
17.5 
17.5 


Exposure per Maintenance & Repair 70 person-
mrem 


Total annual exposure for Maintenance & Repair 3640 person-
mrem 


Notes: 


(1)  Total dose for facility operations is calculated using estimates of Waste Area Operations with and without 
temporary shielding. Dose value in parentheses shows dose rates estimated assuming temporary 
shielding employed. 
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 Table 7.4-2 Sheet 4 of 4


Summary of Occupational Dose for Fuel Handling Operations 


Task 
Craft 


(Type) 
Craft 


(Number) 
Duration 
(minutes) 


Effective 
Average 


Person Dose 
Rate 


(mrem/hour) 


Total 
Individual 


Dose/activity 
(mrem) 


Total Collective 
Dose  


(person-mrem) 


Radiological Control (52 operations per year) 
Routine Operations RPT 4 1050 0.5 8.75 35 


Exposure for Radiological Control activities  35 person-
mrem 


Total annual exposure for Radiological Control activities  1820 person-
mrem 


Total Annual Exposure for ISF Facility Operations  


50943 person-
mrem(1) 


(18689 person-
mrem) 


Notes: 
(1) Total dose for facility operations is calculated using estimates of Waste Area Operations with and without 


temporary shielding. Dose value in parentheses shows dose rates estimated assuming temporary 
shielding employed. 
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Table 7.5-1 
Minimum Routine Survey Requirements of the ISF Facility 


Routine Survey 
 Radiation Contamination 


Location Daily Weekly Monthly 
Each 
Shift Daily Weekly Monthly 


Each 
Shift 


Occupied decontamination facilities  X      X 
Areas within the radiologically controlled area not 
normally used for processing 


  X    X  


Occupied radioactive sample preparation and/or 
counting rooms 


X    X    


Accessible areas adjacent to sample preparation, 
counting rooms, unoccupied sample preparation, 
and/or unoccupied rooms. 


  X   X   


High radiation area boundaries  X       
Radiation area boundaries  X       
Radioactive material storage areas  2    2   
Selected areas outside radiologically controlled 
areas (on a rotating basis) 


  X    X  


Occupied contamination areas    X    X 
Exits from occupied contamination areas        X 
Occupied areas immediately surrounding 
contamination areas 


     X   


Vehicles in restricted area     1  X  
Owner-controlled area fence line X        


Notes: 


1 Vehicles are surveyed before leaving or entering the restricted area. Before leaving a radiologically controlled area, the 
material shall be surveyed for release. 


2 Weekly or when nonexempt material is moved in or out. 
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Table 7.5-2 
Minimum Air Activity Survey Requirements of the ISF Facility 


 Air Activity Surveys 


Requirements Sample Frequency 
Sample 


Type Comments 
Occupied contamination areas 
when continuous air monitor is 
not operating. 


Once a Day Particulate Tritium and/or charcoal samples 
will be considered if the potential 
for tritium gas or radioactive 
iodine exists. 


Air samples in the immediate 
vicinity of Radiological work that 
has the potential to cause 
airborne radioactivity. 


Immediately after work 
starts and at a frequency 
determined by the ES&H 
Manager 


Particulate Tritium and/or charcoal samples 
will be considered if the potential 
for tritium gas or radioactive 
iodine exists. 


Air samples upon initially 
entering spaces where a 
significant potential exists for 
airborne radioactivity. 


Upon Entry Particulate Tritium and/or charcoal samples 
will be considered if the potential 
for tritium gas or radioactive 
iodine exists. 


Operating ventilation exhaust 
stack 


Continuously Particulate Tritium and/or charcoal samples 
will be considered if the potential 
for tritium gas or radioactive 
iodine exists. 
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Table 7.6-1 
Parameters Postulated for Chronic Release 


Data and Assumption used to Estimate Radioactive Source 
Form (physical, chemical) Particulate and gas in oxide form 
Particle size 1 micron 
Physical and chemical data related to 
transport or removal 


ISG5 release fractions: 
 0.3 for gas 
 0.0002 for volatile 
 0.00003 for particulate 
ANSI/ANS5.10 airborne release fractions: 
 1 for gas 
 0.00004 for volatile 
 0.00004 for particulate 


Data and Assumptions Used to Estimate 
Leakage fraction ISG5 1% rod breakage 
Absorption and filtration efficiencies Fabric filter removal factor: 0.1 


HEPA filter removal factor: 0.01 
Release flow rates and pathways Stack exit velocity 13.5 m/s 
Dispersion Data 
Stack or building leakage source 81foot tall, 38inch diameter stack  
Building wake (ground source) N/A 
Boundary distances 13.7 kilometers 
Dose (annual average by sector) Sector mrem 


N 8.5x10-6 
NNW 4.9x10-6 
NW 3.3x10-6 
WNW 2.9x10-6 
W 3.3x10-6 
WSW 6.9x10-6 
SW 1.6x10-5 
SSW 1.5x10-5 


Sector mrem 
S 9.9x10-6 
SSE 6x10-6 
SE 4x10-6 
ESE 3.9x10-6 
E 5.3x10-6 
ENE 1.1x10-5 
NE 2.4x10-5 
NNE 1.5x10-5 


Deposits, decay, and washout coefficients CAP88 calculated 
Dose Data 
Dose model (code) CAP88 
Liquid and gaseous source terms No liquid source term. Gaseous source term from fission 


gases liberated during fuel handling operations. 
Biological pathways Inhalation, ingestion, air immersion and ground surface 


irradiation 
Dose model (code) parameters and input Distance; 1.5, 3, 5, 6.5, 8, 13.7 km 


Wind File: GRID3L 
Precipitation: 22 cm/yr 
Ambient Temp: 6 degrees Celsius 
Height of lid: 50 m 
Stack height: 24.7 m 
Diameter: 0.965 m 
Plume rise: 13.54 m/s 
Cattle density(beef) 0.072 #/km2 
Cattle density (milk) 0.0084 #/km2 
Land fraction crops 0.072 
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Table 7.6-2 
Annual Whole-Body Collective Doses (Person-mrem) Estimated 


to be Attributable to the ISF Facility Stack Effluent 


 1500 m  3000 m  5000 m  6500 m  8000 m  
N 0.00022 0.00010 0.00004 0.00003 0.00002 
NNW 0.00013 0.00006 0.00002 0.00002 0.00001 
NW 0.00008 0.00004 0.00002 0.00001 0.00001 
WNW 0.00007 0.00003 0.00001 0.00001 0.00001 
W 0.00008 0.00004 0.00002 0.00001 0.00001 
WSW 0.00018 0.00008 0.00003 0.00002 0.00002 
SW 0.00046 0.00020 0.00009 0.00006 0.00004 
SSW 0.00042 0.00019 0.00008 0.00005 0.00004 
S 0.00024 0.00012 0.00005 0.00003 0.00002 
SSE 0.00012 0.00007 0.00003 0.00002 0.00001 
SE 0.00007 0.00004 0.00002 0.00001 0.00001 
ESE 0.00007 0.00004 0.00002 0.00001 0.00001 
E 0.00011 0.00006 0.00003 0.00002 0.00001 
ENE 0.00028 0.00013 0.00006 0.00004 0.00003 
NE 0.00057 0.00026 0.00012 0.00008 0.00006 
NNE 0.00039 0.00018 0.00008 0.00006 0.00004 


 







ISF FACILITY 
Safety Analysis Report Rev. 4 
 


  


Table 7.6-3 
Risk Factors for Each Radionuclide that Contributes 


more than 10% of the Total Dose from ISF Facility Emissions 


Cancer Ingestion(1) Inhalation(1) Air Immersion(2)
Ground 


Surface(2) 
Risk Factors for 3H 
Leukemia 2.62x10-8 3.93x10-8 0 0 
Bone 1.16x10-9 1.74x10-9 0 0 
Thyroid 3.77x10-9 5.64x10-9 0 0 
Breast 3.25x10-8 4.90x10-8 0 0 
Lung 4.15x10-8 6.20x10-8 0 0 
Stomach 3.51x10-8 4.06x10-8 0 0 
Bowel 1.93x10-8 2.18x10-8 0 0 
Liver 2.90x10-8 4.35x10-8 0 0 
Pancreas 1.97x10-8 2.96x10-8 0 0 
Urinary 1.07x10-8 1.62x10-8 0 0 
Other 2.41x10-8 3.62x10-8 0 0 
Risk Factors for 129I 
Leukemia 2.49x10-7 1.66x10-7 2.47 1.28x10-3 
Bone 1.11x10-8 7.43x10-9 6.41x101 3.31x10-4 
Thyroid 1.31x10-4 8.70x10-5 6.28 3.29x10-3 
Breast 4.65x10-7 3.10x10-7 3.48x10+1 1.86x10-2 
Lung 2.87x10-7 7.46x10-7 1.02x10+1 5.28x10-3 
Stomach 1.88x10-7 7.51x10-8 4.91 2.54x10-3 
Bowel 1.07x10-7 4.13x10-8 2.34 1.21x10-3 
Liver 1.68x10-7 1.13x10-7 5.77 2.96x10-3 
Pancreas 1.21x10-7 8.03x10-8 2.39 1.24x10-3 
Urinary 6.24x10-8 4.14x10-8 4.25 2.22x10-3 
Other 1.48x10-7 9.82x10-8 2.92 1.52x10-3 


Notes: 


(1) Lifetime risk/100,000 pico curies 
(2) Lifetime risk – cubic centimeter/100,000 pico curies 
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 Table 7.6-4 Sheet 1 of 2
 Radionuclide Activity Source Term for CAP88 Model 


Nuclide RF ARF AF Ci/yr Nuclide RF ARF AF Ci/yr 
225Ac 3.00x10-5 4.00x10-5 1.00x10-5 6.44x10-17 210Po 3.00x10-5 4.00x10-5 1.00x10-5 3.33x10-21 
227Ac 3.00x10-5 4.00x10-5 1.00x10-5 2.59x10-17 211Po 3.00x10-5 4.00x10-5 1.00x10-5 7.27x10-20 
228Ac 3.00x10-5 4.00x10-5 1.00x10-5 9.66x10-18 212Po 3.00x10-5 4.00x10-5 1.00x10-5 5.65x10-15 
241Am 3.00x10-5 4.00x10-5 1.00x10-5 3.43x10-14 213Po 3.00x10-5 4.00x10-5 1.00x10-5 6.30x10-17 
242Am 3.00x10-5 4.00x10-5 1.00x10-5 2.52x10-17 214Po 3.00x10-5 4.00x10-5 1.00x10-5 8.74x10-21 


241mAm 3.00x10-5 4.00x10-5 1.00x10-5 2.54x10-17 215Po 3.00x10-5 4.00x10-5 1.00x10-5 2.60x10-17 
243Am 3.00x10-5 4.00x10-5 1.00x10-5 2.29x10-16 216Po 3.00x10-5 4.00x10-5 1.00x10-5 8.83x10-15 
217At 3.00x10-5 4.00x10-5 1.00x10-5 6.44x10-17 218Po 3.00x10-5 4.00x10-5 1.00x10-5 8.74x10-21 


137mBa 2.00x10-4 4.00x10-5 1.00x10-5 1.01x10-10 144Pr 3.00x10-5 4.00x10-5 1.00x10-5 9.41x10-22 
10Be 3.00x10-5 4.00x10-5 1.00x10-5 8.37x10-18 236Pu 3.00x10-5 4.00x10-5 1.00x10-5 8.27x10-21 
210Bi 3.00x10-5 4.00x10-5 1.00x10-5 3.55x10-21 238Pu 3.00x10-5 4.00x10-5 1.00x10-5 1.19x10-12 
211Bi 3.00x10-5 4.00x10-5 1.00x10-5 2.60x10-17 239Pu 3.00x10-5 4.00x10-5 1.00x10-5 1.68x10-15 
212Bi 3.00x10-5 4.00x10-5 1.00x10-5 8.83x10-15 240Pu 3.00x10-5 4.00x10-5 1.00x10-5 2.12x10-15 
213Bi 3.00x10-5 4.00x10-5 1.00x10-5 6.44x10-17 241Pu 3.00x10-5 4.00x10-5 1.00x10-5 3.22x10-13 
214Bi 3.00x10-5 4.00x10-5 1.00x10-5 8.74x10-21 242Pu 3.00x10-5 4.00x10-5 1.00x10-5 2.55x10-17 
14C 3.00x10-5 4.00x10-5 1.00x10-5 5.77x10-16 223Ra 3.00x10-5 4.00x10-5 1.00x10-5 2.60x10-17 


113mCd 3.00x10-5 4.00x10-5 1.00x10-5 1.03x10-15 224Ra 3.00x10-5 4.00x10-5 1.00x10-5 8.83x10-15 
144Ce 3.00x10-5 4.00x10-5 1.00x10-5 9.41x10-22 225Ra 3.00x10-5 4.00x10-5 1.00x10-5 6.44x10-17 
36Cl 3.00x10-5 4.00x10-5 1.00x10-5 1.47x10-17 226Ra 3.00x10-5 4.00x10-5 1.00x10-5 8.74x10-21 


242Cm 3.00x10-5 4.00x10-5 1.00x10-5 2.09x10-17 228Ra 3.00x10-5 4.00x10-5 1.00x10-5 9.66x10-18 
243Cm 3.00x10-5 4.00x10-5 1.00x10-5 1.95x10-16 87Rb 3.00x10-5 4.00x10-5 1.00x10-5 9.68x10-21 
244Cm 3.00x10-5 4.00x10-5 1.00x10-5 2.13x10-14 106Rh 3.00x10-5 4.00x10-5 1.00x10-5 3.21x10-20 
245Cm 3.00x10-5 4.00x10-5 1.00x10-5 8.02x10-18 219Rn 3.00x10-1 0 0 6.49x10-4 
246Cm 3.00x10-5 4.00x10-5 1.00x10-5 1.17x10-18 220Rn 3.00x10-1 0 0 2.21x10-1 
60Co 3.00x10-5 4.00x10-5 1.00x10-5 1.86x10-14 222Rn 3.00x10-1 0 0 2.18x10-7 
134Cs 2.00x10-4 4.00x10-5 1.00x10-5 1.67x10-14 106Ru 2.00x10-4 4.00x10-5 1.00x10-5 2.14x10-19 
135Cs 2.00x10-4 4.00x10-5 1.00x10-5 1.45x1015 125Sb 3.00x10-5 4.00x10-5 1.00x10-5 1.25x10-15 
137Cs 2.00x10-4 4.00x10-5 1.00x10-5 1.07x10-10 126Sb 3.00x10-5 4.00x10-5 1.00x10-5 2.32x10-17 


152x10u 3.00x10-5 4.00x10-5 1.00x10-5 1.50x10-15 126mSb 3.00x10-5 4.00x10-5 1.00x10-5 1.66x10-16 
154x10u 3.00x10-5 4.00x10-5 1.00x10-5 2.07x10-13 79Sei 3.00x10-5 4.00x10-5 1.00x10-5 1.68x10-16 
155x10u 3.00x10-5 4.00x10-5 1.00x10-5 2.05x10-14 147Sm 3.00x10-5 4.00x10-5 1.00x10-5 1.43x10-21 


55Fe 3.00x10-5 4.00x10-5 1.00x10-5 3.46x10-17 151Sm 3.00x10-5 4.00x10-5 1.00x10-5 1.21x10-13 
221Fr 3.00x10-5 4.00x10-5 1.00x10-5 6.44x10-17 121mSn 3.00x10-5 4.00x10-5 1.00x10-5 3.11x10-17 
223Fr 3.00x10-5 4.00x10-5 1.00x10-5 3.58x10-19 126Sn 3.00x10-5 4.00x10-5 1.00x10-5 1.66x10-16 


3H 3.00x10-1 0 0 2.10x100 90Sr 2.00x10-4 4.00x10-5 1.00x10-5 1.01x10-10 
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 Table 7.6-4 Sheet 2 of 2


Radionuclide Activity Source Term for CAP88 Model 


Nuclide RF ARF AF Ci/yr Nuclide RF ARF AF Ci/yr 
129I 3.00x10-1 0 0 2.16x10-4 99Tc 3.00x10-5 4.00x10-5 1.00x10-5 3.84x10-15 


85Kr 3.00x10-1 0 0 1.47x101 125mTe 3.00x10-5 4.00x10-5 1.00x10-5 3.05x10-16 
93Mo 3.00x10-5 4.00x10-5 1.00x10-5 2.27x10-19 227Th 3.00x10-5 4.00x10-5 1.00x10-5 2.56x10-17 


93mNb 3.00x10-5 4.00x10-5 1.00x10-5 5.18x10-16 228Th 3.00x10-5 4.00x10-5 1.00x10-5 8.79x10-15 
94Nb 3.00x10-5 4.00x10-5 1.00x10-5 6.81x10-18 229Th 3.00x10-5 4.00x10-5 1.00x10-5 6.44x10-17 
59Ni 3.00x10-5 4.00x10-5 1.00x10-5 1.93x10-17 230Th 3.00x10-5 4.00x10-5 1.00x10-5 1.02x10-18 
63Ni 3.00x10-5 4.00x10-5 1.00x10-5 2.04x10-15 231Th 3.00x10-5 4.00x10-5 1.00x10-5 1.13x10-17 


237Np 3.00x10-5 4.00x10-5 1.00x10-5 1.44x10-16 232Th 3.00x10-5 4.00x10-5 1.00x10-5 9.96x10-18 
238Np 3.00x10-5 4.00x10-5 1.00x10-5 1.27x10-19 234Th 3.00x10-5 4.00x10-5 1.00x10-5 2.33x10-19 
239Np 3.00x10-5 4.00x10-5 1.00x10-5 2.29x10-16 207Tl 3.00x10-5 4.00x10-5 1.00x10-5 2.59x10-17 
231Pa 3.00x10-5 4.00x10-5 1.00x10-5 4.10x10-17 208Tl 3.00x10-5 4.00x10-5 1.00x10-5 3.17x10-15 
233Pa 3.00x10-5 4.00x10-5 1.00x10-5 1.44x10-16 209Tl 3.00x10-5 4.00x10-5 1.00x10-5 1.39x10-18 
234Pa 3.00x10-5 4.00x10-5 1.00x10-5 3.03x10-22 232U 3.00x10-5 4.00x10-5 1.00x10-5 8.31x10-15 


234mPa 3.00x10-5 4.00x10-5 1.00x10-5 2.33x10-19 233U 3.00x10-5 4.00x10-5 1.00x10-5 2.17x10-14 
209Pb 3.00x10-5 4.00x10-5 1.00x10-5 6.44x10-17 234U 3.00x10-5 4.00x10-5 1.00x10-5 2.69x10-15 
210Pb 3.00x10-5 4.00x10-5 1.00x10-5 3.54x10-21 235U 3.00x10-5 4.00x10-5 1.00x10-5 1.13x10-17 
211Pb 3.00x10-5 4.00x10-5 1.00x10-5 2.60x10-17 236U 3.00x10-5 4.00x10-5 1.00x10-5 1.31x10-16 
212Pb 3.00x10-5 4.00x10-5 1.00x10-5 8.83x10-15 237U 3.00x10-5 4.00x10-5 1.00x10-5 7.91x10-18 
214Pb 3.00x10-5 4.00x10-5 1.00x10-5 8.74x10-21 238U 3.00x10-5 4.00x10-5 1.00x10-5 2.33x10-19 
107Pd 3.00x10-5 4.00x10-5 1.00x10-5 5.27x10-18 90Y 2.00x10-4 4.00x10-5 1.00x10-5 1.01x10-10 
145Pm 3.00x10-5 4.00x10-5 1.00x10-5 2.47x10-18 93Zr 3.00x10-5 4.00x10-5 1.00x10-5 6.80x10-16 
147Pm 3.00x10-5 4.00x10-5 1.00x10-5 1.34x10-14      


Notes: 


RF ISG 5 release fraction 
ARF ANSI/ANS 5.10 airborne release fraction 
AF 40 CFR 61 Appendix D abatement factor (1 – prefilter and 2 – HEPA filters) 


 







ISF FACILITY 
Safety Analysis Report Rev. 4 
 


  


 


 


 


 


 


 


 


 


 


THIS PAGE INTENTIONALLY LEFT BLANK. 


 
 







ISF FACILITY 
Safety Analysis Report Rev. 4
 


figure 7.3-01 (09100-1-1).doc 


Figure 7.3-1 
Facility Radiation Area Boundaries First Floor 
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figure 7.3-02 (09100-2-1).doc  


Figure 7.3-2 
Facility Radiation Area Boundaries Second Floor 
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Figure 7.3-3 
Monitoring Equipment Locations – Cask Receipt Area, First Floor 


 


figure 7.3-03 (05110-1-1).doc  
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Figure 7.3-4 
Monitoring Equipment Locations – Storage Area, First Floor 


 


figure 7.3-04 (05110-2-1).doc  
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Figure 7.3-5 
Monitoring Equipment Locations – Transfer Area, First Floor 


 


figure 7.3-05 (05110-3-2).doc      
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Figure 7.3-6 
Monitoring Equipment Locations – Storage Area, Second Floor 


figure 7.3-06 (05110-4-1).doc  
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Figure 7.3-7 
Monitoring Equipment Locations – Transfer Area, Second Floor 


 


05110-05-02   
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Figure 7.3-8 
Monitoring Equipment Locations – Operations Area, First and Second Floor 


figure 7.3-08 (05110-6-1).doc  
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Figure 7.3-9 
Storage Vault Shield Wall Dimensions 


 


figure 7.3-09 (11005-1-1).doc  
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Figure 7.3-10 
Transfer Area Shield Wall Dimensions  


 


figure 7.3-10 (30111-1-3) .doc  
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figure 7.3-11.doc  


Figure 7.3-11 
Radial Model of TRIGA Fuel in a Peach Bottom Cask 


 
 
 
 


Cask outer wall 
1.81 inch stainless steel 


Cask inner wall 
0.25 inch stainless steel  


 
 
 


 


Lead shielding
6.25 inch  (center)
5.25  inch ( upper/lower region) 


TRIA fuel arrangement
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figure 7.3-12.doc  


Figure 7.3-12 
Axial Model of TRIGA Fuel in a Peach Bottom Cask 


 


Cask inner wall 
0.25 inch stainless steel 


Lead Shielding 
5.25 inch (upper and lower section) 
6.25 inch (center section) 


4.36 mrem/hr


Cask lid 
4 inches lead between 
stainless steel plates 
(1.56 inch outer and 1.5 
inch inner) 


Cask outer wall 
1.81inch stainless steel 


TRIGA canisters 
30 elements per 
bucket 


33 mrem/hr
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figure 7.3-13 (9732).doc  


Figure 7.3-13 
Radial Model of TRIGA Fuel Canister in FPA 


 


Fuel Canister with 108 TRIGA elements 
0.375 inch stainless steel canister sidewall  


Concrete shield wall 
4’ thick 
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figure 7.3-14 (9733).doc  


Figure 7.3-14 
Axial Model of TRIGA Fuel in FPA 


 


Fuel Canister with 108 TRIGA 
elements 
0.375 inch stainless steel 
canister sidewall  


Concrete shield wall 
4’ thick 


0.05 mrem/hr 







ISF FACILITY 
Safety Analysis Report Rev. 4
 


figure 7.3-15 (9734).doc  


Figure 7.3-15 
Canister Closure Area, Canister Funnel Layout 


 


 


Canister funnel


Collet


Trolley 
shielding 


Canister lid
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figure 7.3-16 (9735).doc  


Figure 7.3-16 
Model of Top Portion of the Storage Canister 


 


Shield plug 10” 
stainless steel 


Canister wall; 0.365 inch 
stainless steel 


Cover plate; 1.5 inch 
stainless steel 


Canister lid; 0.625 inch 
stainless steel 


Shield plug/canister 
gap (0.1 inch) 


Collet/canister gap 
0.05 inch 


One TRIGA element shown; 
108 TRIGA elements 
modeled 


Air gap 
Upper basket plate


194 mrem/hr 
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figure 7.3-17 (9736).doc  


Figure 7.3-17 
Model of Storage Canister Containing Two TRIGA Canisters 


 


 


TRIGA canisters 
54 elements per basket 
2 baskets per canister Cover plate 


Shield plug Canister 


Canister 
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Figure 7.3-18 
Radial Model of TRIGA Fuel in Shielded Canister Trolley 


 


 


Fuel Canister 
108 TRGA Elements 


Trolley shielding; 
9 inch carbon 
steel 
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Figure 7.3-19 
Axial Model of TRIGA Fuel in Shielded Canister Trolley 


 


 


 


TRIGA fuel canisters 
54 elements per basket 
2 baskets per canister 


Trolley shielding 
9 inch carbon steel 


108 mrem/hr 
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figure 7.3-20 (9739).doc  


Figure 7.3-20 
Storage Area with 5 x 5 Array of Tubes 


 


 


5 x 5 array of storage tubes 
108 TRIGA elements per tube


Concrete wall 
3’ thick 


14 mrem/hr 
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figure 7.3-21 (9758).doc  


Figure 7.3-21 
Canister Handling Machine Axial View 


Jabroc 4 inch 
Stainless steel shielding 12 inch 


TRIGA assemblies 54 per basket 


TRIGA canister 
0.375 inch stainless steel 


2.4 mrem/hr 
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Figure 7.3-22 
Canister Handling Machine Radial View 


 


 


TRIGA canister 
0.375 inch  
stainless steel 


Jabroc 4 inch 
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TRIGA assemblies 
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Figure 7.6-1 
Pre-Operational Environmental Radiation Monitoring Locations 


figure 7.6-01 (sk-0022-1-1).doc    
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Figure 7.6-2 
Operational Environmental Radiation Monitoring Locations 


figure 7.6-02 (sk-0022-1-2).doc   





