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J. ADDITIONAL INFORMATION
IDAPA 58.01.05.012 [40 CFR 270.14(c)]

J.1  Summary of Groundwater Monitoring Data Collected Under
Interim Status IDAPA 58.01.05.012 [40 CFR 270.14 (c)(1)]

Groundwater monitoring data were not collected under the provisions of IDAPA 58.01.05.009
(40 CFR 265 Subpart F) during the interim status period. However, groundwater samples were
collected from the perched and SRPA groundwater monitoring wells as part of other investigations
and well installation projects. During the 1993 to 1994 WAG 3 perched water investigation, samples
were collected from the perched groundwater wells and analyzed for organic contaminants. In 1995,
under the continuing WAG 3 investigation, the perched and SRPA groundwater monitoring wells
were sampled and analyzed for field parameters, inorganics, and radionuclides. Between 1951 and
1998, the USGS sampled numerous SRPA groundwater monitoring wells and analyzed the samples
for a variety of organic and inorganic constituents. The locations of the perched groundwater wells at
and around the INTEC are shown in Figure J-1. The locations of the SRPA wells at and around the
INTEC are shown in Figure J-2. A well construction summary of the perched groundwater
monitoring wells is shown in Table J-1.

Eighteen perched groundwater wells were sampled during the 1993 to 1994 WAG 3
investigation. Each sample was analyzed for 35 organic contaminants. Complete results of the 1993
to 1994 sampling, and a map of the wells sampled, are shown in Appendix VI. Of the 630 reported
analytical results (excluding trip blanks), 36 contaminants were reported as detected. However, the
analytical data is of unknown quality. Nearly all detections were qualified below the contract
laboratory quantification limit, contamination was detected in trip blanks, contaminants were not
detected in duplicates with detected contamination, and contaminants were detected in quality control
samples. Complicating matters, the original data packages are not available for data validation.

In 1995, under the continuing WAG 3 investigation, the perched groundwater monitoring wells
were sampled and analyzed for field parameters, inorganics, and radionuclides. Results from the
perched groundwater analysis are shown in Appendix VI. As shown in the appendix, HWMA/RCRA
inorganics above the toxicity characteristic leaching procedure levels were not detected in the perched
groundwater samples taken below the INTEC.

Between 1951 and 1998, the USGS sampled numerous SRPA monitoring wells. The samples
were analyzed for field parameters, inorganics, a variety of organic constituents, and radionuclides.
Analytical results from sampling that occurred between 1987 through 1998 are shown in Appendix
VII. A visual representation of the 1987 through 1998 organic analyses is also shown in Figure J-3,
Figure J-4, and Figure J-5. As indicated through the analytical results and figures, HWMA/RCRA
inorganics above the toxicity characteristic leaching procedure levels, organic, and characteristic
contaminants were not detected in the SRPA groundwater samples below the INTEC facility
boundaries.
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Figure J-1. Perched water wells at and around the INTEC.

J-2



HWMA/RCRA Post-Closure Permit Application, Volume 21

Book 1, Revision 2 — September 2002

000002

000‘669

USGS-121

000869

000‘L69

000?69

"~ ICPP-MON-A-021

ICPP-MON-A-022

Easting (feet)

Figure J-2. SRPA wells at and around the INTEC.

87 -
§ 0USGS-52
é o SGS-44.  USG$-41 USGS-
2 §* USGS-46° L
£ USG
5 SGS-45@ °© USGS-49 USGS-82
- 48
coi -
§ _ USGS-59
® usesst  YsGS-122
§7 B
8 USGS-39 USGS-57 USGS-67
USGS-35
2 3
g USGS-34 B
© O
USGS-36 US(%}S-'I']'I USGCS-'I']G
_ 3
§, USGS-37 B
USGS-38
- GS-115 LEGEND
o USGS-1 PO
| _ _ USGS-77 Selected WCF Closure —
% SEB-112Uses113 © o SRPA Monitoring Wells
-~ Other SRPA Monitoring
§ Wells
% 000 292‘000 29?L000 294‘1000 295‘000 296‘000 297‘000 ZQéOOO 29é000 306000 301

000



vl

Table J-1. Well Construction Summary

Median Inside
Water Casing Total
Well Level® Date Diameter Depth Well Screen Well Screen
Well Name Alias (ft) Measured (in.) (ft) Material (ft)
CPP-55-06 55-06  4803.61 01/04/01 to 2 122.9 PVC 93.1to 113.1
10/11/01
ICPP-MON-P-002 MW-2  4805.84 01/04/01 to 2 127 PVC 102 to 112
10/11/01
ICPP-MON-P-005 MW-5  4804.27 01/04/01 to 2 141 PVC 106.5 to 126.5
10/11/01
ICPP-MON-P-019 MW-18-4 Dry  01/04/01 to 4 494 PVC 459 t0479
10/11/01
ICPP-MON-P-020 MW-20 4809.11 01/04/01 to 2 151.5 PVC 133.2 to 148.4
10/11/01

PVC=polyvinyl chloride
a=Water-level data referenced to mean sea level from recent monitoring events in 2001
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In 2001, samples were taken from perched groundwater wells MW-2, MW-5, MW-20, and
other wells that are outside the scope of this permit application. The wells were sampled by bailing
due to the low water level of the wells. When bailing, the sediment is suspended in the water that is
being sampled. The samples were not filtered. Since the samples were not filtered the analysis
results included the constituents associated with the sediment not just the water. The analytical
results are given in Table J-2.

The following wells were not sampled; therefore, no data is available.
e CPP-55-06
e INTEC-MON-P-019

Table J-2. 2001 Unfiltered Sample Results From Monitoring Wells

Analytes INTEC-MON-P-002 | INTEC-MON-P-005 | INTEC-MON-P-020 | USGS-050
(MW-2) (MW-5) (MW-20)

Arsenic pg/L 16.7 5.0/U 6.1/B 5.0/U
Barium pg/L 295 195/B 357 171/B
Cadmium pg/L 5.0/U 5.0/U 5.0/U 5.0/U
Chromium pg/L 2520 11.3 37.6 11.8
Lead pg/L 14,700 3.0U 7.2 3.0/U
Mercury pg/L 0.04 0.31 .20/U .20/U
Selenium pg/L 5.0/U 5.0/U 5.0/U 5.0/U
Silver pg/L 5.0/U 5.0/U 5.0/U 5.0/U
Toluene pg/L 5.0U 2.0/ 5.0U 5.0U
Tetrachloroethene pg/L 5.0U 5.0U 2.0] 5.0U

B — Analyte Blank Concentration (laboratory or calibration) > 20% of sample concentration prior to dilution correction.
J — Indicates an estimated value.
U — Analyte was not detected.

In March 2002, wells MW-2, MW-5, and MW-20 were resampled for constituents of concern
based on previous sampling/analytical results. The analytical results are presented in Table J-3.

The wells were sampled by bailing due to the low water level of the wells. Once the samples
were collected, they were filtered in the field to eliminate the sediment that becomes suspended in the
water as a result of the sampling method used. If the samples were not filtered, the analysis results
would include the constituents associated with the sediment not just the water. Therefore, filtering
allowed the analysis of just the water.
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Table J-3. 2002 Filtered Sample Results From Monitoring Wells

Analytes INTEC-MON-P-002 INTEC-MON-P-005 INTEC-MON-P-020
MW-2) (MW-5) (MW-20)
Arsenic pg/L 2.6/B No Data No Data
Cadmium pg/L 0.60/U No Data No Data
Chromium pg/L 115 No Data No Data
Lead pg/L 2.8/U No Data No Data
Toluene pg/L No Data 5.0/U 5.0/U
Tetrachloroethene pg/L No Data 5.0/U 3.0/

B — Analyte Blank Concentration (laboratory or calibration) > 20% of sample concentration prior to dilution correction.

J — Indicates an estimated value.

U — Analyte was not detected.

Analysis was not performed for the constituents listed as “No Data”
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Figure J-3. Results of sampling for HWMA/RCRA-listed constituents in the SRPA monitoring wells
from 1987 to 1990.
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Figure J-4. Results of sampling for HWMA/RCRA-listed constituents in the SRPA monitoring wells
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Figure J-5. Results of sampling for HWMA/RCRA-listed constituents in the SRPA monitoring wells
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J.2 Geology, Hydrology, Identification of the Perched Zone,
Groundwater Flow Direction, and Rate
IDAPA 58.01.05.012 [40 CFR 270.14(c)(2)]

J.2.1 Area Description

The INEEL is located in the Mud Lake—Lost River Basin (also known as the Pioneer Basin.)
This closed drainage basin includes three main streams: the Big and Little Lost Rivers and Birch
Creek. These three streams drain the mountain areas to the north and west of the INEEL, although
most flow is diverted before it reaches the INEEL boundaries. Flow that reaches the INEEL infiltrates
the ground surface along the length of the stream beds, in the spreading areas at the southern end of
the INEEL, and, if the stream flow is sufficient, in the ponding areas (playas or sinks) in the northern
portion of the INEEL. During dry years, there is little to no surface water flow on the INEEL.
Because the Mud Lake—Lost River Basin is a closed drainage basin, water either infiltrates the ground
surface to recharge the aquifer or is lost to evapotranspiration.

The Big Lost River flows southeast from Mackay Dam, past Arco, and onto the ESRP. Near
the southwestern boundary of the INEEL, a diversion dam prevents flooding of downstream areas
during periods of heavy runoff by diverting water to a series of natural depressions or spreading areas
(DOE 1995). During periods of high flow or low irrigation demand, the Big Lost River continues
northeastward past the diversion dam, passes within 200 ft (61 m) of the INTEC, and ends in a series
of playas 15 to 20 mi (24 to 32 km) northeast of the INTEC, where water infiltrates the ground
surface. Flow from Birch Creek and the Little Lost River infrequently reaches the INEEL, as this
water is diverted for irrigation upstream of the INEEL in the summer months. During periods of
unusually high precipitation or rapid snow melt, water from Birch Creek and the Little Lost River
may enter INEEL from the northwest and infiltrate the ground. As with much of the Big Lost River
on the INEEL, the channel is typically dry at the INTEC; however, it should be noted that the Big
Lost River flowed during most of 1997 and 1998.

The principal surface materials at the INEEL are basalt, alluvium, lake bed or lacustrine
sediments, slope wash sediments, talus, silicic volcanic rocks, and sedimentary rocks. The INTEC is
located on an alluvial plain approximately 200 ft (61 m) from the Big Lost River channel near the
point the channel intersects with Lincoln Boulevard on the INEEL. The INTEC is surrounded by a
storm water drainage ditch system (DOE-ID 1998). Storm-water runoff from most areas of INTEC
flows through ditches to an abandoned gravel pit on the northeast side of the INTEC. From the gravel
pit, the runoff infiltrates the ground. The system is designed to handle a 25-yr, 24-hr storm event.
Because the land is relatively flat (slopes of generally less than 19%) and annual precipitation is low,
storm water runoff volumes are small and are generally spread over large areas where they evaporate
or infiltrate the ground surface.

J.2.2 Site Geology

The INEEL is located on the west-central part of the ESRP, a northeast-trending structural
basin about 220 mi (322 km) long and 50 to 70 mi (80.5 to 113 km) wide. The INEEL is underlain by
a sequence of Tertiary and Quaternary volcanic rocks and sedimentary interbeds that are more than
10,000 ft (3,050 m) thick (Whitehead 1992). The volcanic rocks consist mainly of basalt flows in the
upper part of the sequence and rhyolitic ash-flow tuffs in the lower part.
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Hundreds of basalt flows?, basalt-flow groups, and sedimentary interbeds underlie the INEEL.
Basalt makes up about 85% of the volume of deposits in most areas. A basalt flow group consists of
one or more distinct basalt flows deposited during a single, brief eruptive event. All basalt flows of a
group erupted from the same vent or several nearby vents; represent the accumulation of one or more
lava fields from the same magma; and have similar geologic ages, paleomagnetic properties,
potassium contents, and natural-gamma emissions (Anderson and Bartolomy 1995). The basalt flows
consist mainly of medium- to dark-gray vesicular to dense olivine basalt. Individual flows generally
range from 10 to 50 ft (3 to 15 m) thick and are locally interbedded with scoria and thin layers of
sediment. Sedimentary interbeds are as thick as 50 ft (15 m) and consist of well to poorly sorted
deposits of clay, silt, sand, and gravel. In places, the interbeds consist mainly of scoria and basalt
rubble. Sedimentary interbeds accumulated on the land surface for hundreds to several hundred-
thousand years during periods of volcanic quiescence and are thickest between basalt-flow groups.

At least 178 basalt-flow groups and 103 sedimentary interbeds underlie the INEEL above the
effective base of the aquifer (Anderson et al. 1996, 1997). Basalt-flow groups and sedimentary
interbeds are informally referred to as A through S5. Basalt-flow groups LM through L and related
sediments range in age from about 200,000 to 800,000 years and make up the unsaturated zone and
the uppermost areas of the INEEL. Most wells in the southern and eastern part of the INEEL are
completed in basalt-flow groups AB through I and related sediments. These flow groups and related
sediments range in age from about 200,000 to 640,000 years and make up a stratigraphic section
characterized by horizontal to slightly inclined layers. Anderson et al (1997) estimated the geologic
ages and accumulation rates of basalts and sediments in the unsaturated zone and the SRPA from
about 200,000 to 1.8 M-yr and average accumulation rates are reflective of the subsidence rate of 164
ft (50 m)/100,000 years.

The nomenclature for the stratigraphy underlying the INTEC facility and the surrounding area
is based on work presented by Anderson (1991). At land surface, as much as 60 ft (18.2 m) of
surficial alluvium is composed of gravelly, medium- to coarse-grained sediment. This alluviual
material overlies a series of basalt/sediment units where the basalt is very transmissive, and the
sediment units are relatively thin, much less transmissive, and laterally discontinuous as shown in
Figure J-6. The stratigraphy of the aquifer at and near the INTEC is dominated by thick, massive,
basalt flows of Flow Group I and thin, overlying flows of Flow Groups B through H. The basalt
flows, as interpreted, appear to be relatively uniform in thickness beneath the INTEC.

Significant changes in the flow thickness are often related to changes in the lithology of the
flow or are caused by the flow margins in which the flow appears as a lobe of basalt. The lithologic
changes that may cause a change in the flow thickness are either the existence of pyroclastic deposits
on or within a flow or a flow being very vesicular, and thus, more susceptible to the effects of
erosion. Based on Anderson (1991) geologic cross section, there are 19 basalt flow groups, 11
sedimentary interbeds, and the surficial alluvium that make up the unsaturated zone and upper aquifer
underlying the INTEC facility. The sediments, as interpreted, appear to be primarily made up of sands
and silts with some small clay lenses. The majority of the sediments are 1 to 5-ft (thick) (0.3 to 1.5-m)
layers of silt between the major basalt flows. Sediments were most likely deposited in eolian or

% A basalt flow is a solidified body of rock formed by the surficial outpouring of molten lava from a vent or fissure (Bates
and Jackson 1980).
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fluvial type environment. Two major sediment sequences are shown on the cross sections: the upper
sequence associated with the CD, the thick D, and DE2 sands and silts and the lower sediments
associated with the DE6, DE7, and DES stratigraphic units.

The cross sections show a thick sequence of sediments, particularly in the northern end of the
south-north section, which are stratigraphically shown as the CD, D, and DE2 units. These sediments
appear to be made up of thick layers of sands overlain by silts and clays. The sediments associated
with the DE6, DE7, and DES stratigraphic units appear to be made up of gravels, silts, and clays.
These sediments were most likely deposited in a fluvial environment and may indicate a braided
stream deposit. This is the last major sediment deposit above the SRPA.

Holocene surficial geology and archaeology suggest that fluvial and eolian deposition and
tectonic subsidence in the INEEL area have been in approximate net balance for at least the past
10,000 years. A reversal of the long-term, regional pattern of ESRP subsidence, sedimentation, and
volcanism into an erosional rather than a depositional regime would require major changes from the
Holocene tectonic or climatic configuration of the ESRP. Worldwide geologic evidence indicates that
the Quaternary epoch (approximately the past 2 M yr) has been a time of major climatic fluctuations.
During colder and wetter periods, glaciers occupied high-elevation areas, and lowland areas such as
the ESRP, received thick, widespread loess blankets. Lowland areas were also periodically impacted
by local catastrophes such as the large, late-Pleistocene, glacial outburst flood that traveled down the
Big Lost River valley, eroded upland surfaces on the ESRP, and deposited sediment in the INTEC
area. Additional geologic characterization of the INTEC is provided in Appendix VIII of this permit
application.

J.2.3  Site Hydrology

J.2.3.1 Surface Water. Most of the INEEL and all of the INTEC is located in the Pioneer
Basin, which is a closed topographic depression on the ESRP that receives intermittent runoff from
the Big Lost River, Little Lost River, and Birch Creek Drainage. The Pioneer Basin is not crossed by
any perennial streams because of the permeability of alluvium and underlying rock that causes the
water to infiltrate the ground. In addition, much of the water from the tributary drainage basins is
diverted for irrigation upstream of the INEEL. The largest stream, the Big Lost River, enters the
INEEL near the southern end from the west and, during exceptionally wet years, flows in a large arc
north to the foot of the Lemhi Mountain Range where it ends in a series of playas (sinks). Birch Creek
enters INEEL from the north and the Little Lost River approaches the INEEL from the northwest,
through Howe. As indicated in Subsection J.2.1, flow from these streams infrequently reaches the
INEEL.

The Big Lost River is the most important natural element affecting the surface water hydrology
of the INEEL and INTEC. The Big Lost River discharges an average of 211,000 acre-ft/yr
(260.2E+06 m’/y) below Mackay Dam, 30 mi (48 km) northwest of Arco. The largest recorded
annual flow of the Big Lost River for the entire period of record occurred in 1984 and amounted to
476,000 acre-ft/yr (587.1E+06 m’/yr), which was measured below Mackay Dam. The second largest
annual flow occurred in 1965 and amounted to roughly three-quarters of the 1984 record.

Except for evapotranspiration, most of the water in the Big Lost River, Little Lost River, and
Birch Creek is recharged to the ground through irrigation or infiltration. Water from the Big Lost
River infiltrates into the material beneath the river and into the SRPA. The volume of this infiltration
is significant during wet years. However, the historical record indicated that there are several years in
which no flow occurs in the Big Lost River near the INTEC facility. During these years, recharge to
the perched zones and ultimately the SRPA is negligible and results in significant changes in the
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thickness and extent of the perched water zones. Perched water zones have been identified along the
Big Lost River when it contains water; however, the extent and volume of these perched water zones
is not completely known.

Other than these intermittent streams, playas, and the manmade percolation, infiltration, and
evaporation ponds, there is little surface water at the INEEL site. Surface water that reaches the
INEEL is not used for consumptive purposes (e.g., irrigation, manufacturing, or drinking). The
Bureau of Land Management has a small water right on INEEL for stock watering.

J.2.3.2 Perched Water below INTEC.

Stratigraphy controls the hydrogeologic characteristics of the subsurface at the INTEC,
particularly in the formation and movement of perched groundwater. The formation of perched
groundwater may be attributed to lithologic features contributing to contrasts in the vertical hydraulic
conductivity of basalt layers and sedimentary interbeds in the unsaturated zone. Cecil et al. (1991)
attributed four lithologic features to the formation of perched groundwater at the INTEC. Perched
groundwater can form in an area, for example, where (a) there is sedimentary interbed with a reduced
vertical hydraulic conductivity underlying a more conductive basalt layer, (b) there are altered baked
zones between two basalt flows that reduce hydraulic conductivity, (c) there is a presence of dense
unfractured basalt that has low vertical hydraulic conductivity, and (d) where sedimentary and
chemical filling of fractures near the upper contact of a basalt flow reduced vertical hydraulic
conductivity.

Several sources of water contribute to moisture movement and the development of perched
water in the INTEC subsurface (DOE-ID 2000a). The two major recharge sources are the percolation
ponds (bottom center, Figure J-1) and the Big Lost River (upper left, Figure J-1). Service waste
percolation pond (SWP-1) is 412 by 480 ft and 16 ft deep (126 by 146 m and 4.8 m deep). The pit
was excavated in gravelly alluvium that is approximately 20 to 35 ft thick and underlain with basalt
rock. The pond is designed to accommodate continuous disposal of 1.5 M-gal (5.7 M-L) of water each
day based on 10 gal/day/ft’ of area. Service waste percolation pond (SWP-2) is located immediately
to the west of SWP-1. It is 498 ft* and 12 to 14 ft deep (46 m” by 3.6 to 4.3 m deep). The pit was
excavated in gravelly alluvium that is approximately 20 to 35 ft thick and underlain with basalt rock.
The pond is designed to accommodate continuous disposal of 3 M-gal (11 M-L) of water each day
based on the observed percolation pond rates of SWP-1. Both ponds are fenced to exclude large
wildlife. An average of 1.16 M-gal (4.39 M-L) of wastewater is discharged to the percolation ponds
each day.

Depending on the depth of the snowpack and volume of precipitation that occurs in a particular
year, the Big Lost River may flow all year or cease to flow entirely for several months or years. The
mean annual flow in the Big Lost River at a point near the INTEC site is 34,429 acre-ft/mo
(42,467,544 m’/mo). Together, these two sources are thought to supply over 98% of the recharge. The
wastewater treatment lagoons (upper right, Figure J-1), operational activities, and precipitation
account for the remaining recharge. Average annual discharge to the wastewater treatment lagoons is
13.9 M-gal/yr (52.6 M-L/yr). Operational losses are variable and not well quantified. The mean
annual precipitation at the INEEL is approximately 8.5 in./yr (21.5 cm/yr). Usually, less than one-half
of this amount occurs as snowfall. The collection of precipitation in local basins can supply
substantial amounts of focused infiltration (DOE-ID 2000a).

Water movement in the basalt units located in the unsaturated zone is poorly understood. These

perched water bodies are significant because they increase the opportunity for contaminants to move
both laterally and vertically in the vadose zone. This lateral water and contaminant movement in the
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vadose zone results in vertical migration rates that are spatially nonuniform beneath the INTEC.
Infiltration from the surface is assumed to move vertically through the basalt to an interbed. The
water and contaminants migrate along the interbed and accumulate at interbed low points because the
interbeds are sloped. This results in greater than average vertical water and contaminant fluxes in
water accumulation areas and less than average vertical water and contaminant fluxes in the elevated
portions of the interbed. The extent to which water moves horizontally while vertically transiting the
fractured basalts is uncertain. Water has been shown to move laterally several miles in the subsurface
when sufficient water was available to support long lateral spread. Eventually, water infiltrating at the
surface of the INTEC will reach the underlying SRPA. Additional information on perched water
below the INTEC is provided in Appendix VIII of this permit application.

J.2.3.3 Perched Water in Surficial Alluvium. In places with a concentrated source of
surface recharge, a perched water zone can develop in the surficial alluvium on top of the first basalt
flow. Perched water has been identified in the alluvium at the INTEC beneath surface disposal ponds
(the Percolation Ponds and the sewage treatment pond). Historically, a small perched water table in
alluvium was encountered west of CPP-603. The source for the perched water was assumed to be
wastewater that was discharged to a shallow seepage pit (Robertson et al. 1974). The seepage pit was
taken out of service in 1966 and it was assumed that the water body dissipated.

Perched water in the surficial alluvium requires a concentrated source of recharge that exceeds
the normal recharge provided by precipitation. Perched water has not been widely measured at the
sediment-basalt interface.

J.2.3.4 Northern Upper Perched Water. Two perched groundwater bodies have been
identified in the northern INTEC. The upper perched groundwater body (also divided into upper
shallow and lower shallow) is present above the CD and D interbeds, respectively, and the lower
perched groundwater body has been identified on the DE3 interbed. According to the lithology, the
CD interbed occurs at depths between 113 and 119 ft (34 and 36 m) BGL, the D interbed occurs at
depths between 128 and 135 ft (39 and 41m) BGL, and the DE3 interbed occurs at depths between
163 and 170 ft (50 and 52m) BGL. Based on available information, it appears that the perched
groundwater between the CD and D interbeds is continuous over much of the northern portion of the
INTEC as these interbeds are only separated by 9 ft (3 m).

Water-level elevations range from 4,797.3 to 4,845.3 ft (1,462.2 to 1,476.8 m) above mean sea
level (AMSL) and represent the average water-table level throughout the monitoring period. Perched
groundwater is not known to occur above the CD and D interbeds outside the areas illustrated on the
map. The perched water bodies overlap (i.e., in the vicinity of Wells CPP-33-4-1, CPP-33-4-2, CPP-
33-1, and MW-5 seen in the upper-right corner of Figure J-1), the entire region between the CD and
D interbeds is likely to be saturated. Otherwise, perched groundwater is only present above the
associated interbed.

Based on the water-table configuration, it appears that multiple water sources are providing
recharge to the upper perched water body in the northern portion of the INTEC. These sources may
include recharge from the Big Lost River, the wastewater treatment lagoons, and operational releases.
The wastewater treatment lagoons, located northeast of the facility, provide approximately 1.25E+6
gal (4.73E+6 L) per month of recharge to the eastern side of this perched water body. This recharge
has resulted in a water-table elevation of approximately 4,845 ft (1,477 m) AMSL in the well
(ICPP-MON-A-022) completed near the sewage treatment ponds. In the western portion of the
perched water body and beneath the main portion of the facility, recharge from an unknown source
has produced a water-table elevation of 4,815.2 ft (1,467.7 m) AMSL in Well CPP-33-2. Between the
eastern and western portions of the upper perched water body, the groundwater elevation is 4,808.8 ft
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(1,465.7 m) AMSL in Well CPP-37-4. This water-table configuration indicates that separate sources
of water are providing recharge to the eastern and western portions of the perched water body and that
the sewage treatment ponds have minimal, if any, impact upon the western portion of this perched
water body. Fluctuations in water levels in the upper perched water zone that are observed in response
to flow in the river indicate a connection between the northern upper perched water and the river
(DOE-ID 2000a).

J.2.3.4.1 Contamination in the Northern Upper Perched Zone—The highest
perched water radioactive contamination occurs beneath the northern portion of the INTEC and is
particularly associated with Wells MW-2, MW-5, and CPP 55-06 (see Figure J-1). The maximum
gross alpha and gross beta activities measured in the upper perched groundwater were 1,140 £
220 pCi/L and 589,000 £ 2,600 pCi/L, respectively, in Well MW-2. At a depth of approximately 140
ft (42 m), the maximum gross alpha and gross beta concentrations measured in the perched water
were 137 £9 pCi/L and 65,300 £+ 600 pCi/L in Wells MW-10 and MW-20. These two wells are
completed in water-bearing zones at depths of approximately 140 ft (42 m). Again, only radioactive
contamination has been detected in the lower water bearing zones. The maximum concentrations for
3H, °Sr, and *Tc from these wells are 38,000 = 50 pCi/L, 25,800 + 30 pCi/L, and 127 &+ 2 pCi/L,
respectively.

J.2.3.5 Southern Upper Perched Water. Perched water has been identified beneath two
areas of the southern portion of the INTEC. The largest perched water body is the result of discharge
to the percolation ponds and is monitored by Wells PW-1 through PW-6 (Figure J-1). Six wells
(MW-7, MW-9, and MW-13 through MW-16) were installed to monitor perched water on the upper
interbed that is present between 110 and 130 ft (33.5 and 39.6 m) BGL. One triple completion well
(MW-17) was installed to monitor for perched water on a deeper interbed occurring approximately
190 ft (57.9 m) BGL.

Wells PW-1 through PW-6 were installed adjacent to the percolation ponds to monitor the
perched groundwater beneath the ponds. The hydrographs for these wells show a similar fluctuation
in the water level as observed in Wells PW-1, PW-3, and PW-6 indicating these wells are effective in
monitoring infiltration from the western percolation ponds. The water-level fluctuation in Well PW-4
is opposite to the response observed in Wells PW-1, PW-3, and PW-6, indicating this well monitors
infiltration from the eastern percolation pond. The water-level fluctuations in Wells PW-2 and PW-5
are fairly consistent and indicate that these wells are influenced by discharge to either pond.

The water elevations in the southern perched water zone range between 4,732.4 to 4,790.2 ft
(1,442.4 to 1,460.0 m) AMSL north of the percolation ponds and between 4,796.2 to 4,848.9 ft
(1,461.9 to 1,477.9 m) AMSL near the percolation ponds. Only two upper perched water wells
(Figure J-1) are located between the northern and southern perched water bodies (Wells MW-11 and
MW-14) and neither indicates perched water in these areas.

J.2.3.5.1 Contamination in the Southern Upper Perched Zone—Wells that
monitor the perched water quality in the upper southern perched water zone include Wells MW-7,
MW-9, MW-13, MW-14, MW-15, MW-16, and MW-17. As previously indicated, there is no
verifiable evidence of HWMA/RCRA-regulated contamination below the INTEC in the southern
perched water bodies. From the inorganic analysis, only nitrate/nitrite was detected at a concentration
exceeding the maximum contaminate level (MCL) at Well MW-15 (14.7 mg/L). The radionuclides
detected in the perched water include *H (3,360 % 176 to 25,700 + 400 pCi/L) and *Tc¢ (6.4 £ 0.6 to
23.7 £ 0.6 pCi/L). In addition, *Sr and ***U were detected in Well MW-15 at concentrations of
17,200 £ 200 pCi/L and 11.8 £ 1.0 pCi/L, respectively (DOE-ID 2000a).
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The six wells (PW-1 through PW-6) that monitor the perched water body associated with
wastewater discharge to the percolation ponds have been monitored by the USGS since 1987. Wells
PW-1, PW-2, PW-4, and PW-5 have been sampled for radionuclides on a quarterly basis as part of
the INTEC groundwater monitoring program since 1991.

Most of the historical radioactivity present in the PW-series wells is from *H, with *’Sr
providing a secondary activity contribution. According to the USGS monitoring, activities from both
’H and *’Sr have remained relatively stable with the exception of an increased *H activity period in
mid-1988. Average *H concentrations range from 1,334 + 421 to 4,681 + 567 pCi/L with *°Sr
concentrations averaging 3.7 + 3.4 pCi/L (DOE-ID 2000a).

J.2.3.6 Hydraulic Conductivities in the Upper Perched Zones. Field aquifer tests were
performed to determine the hydraulic conductivities for both basalt and sedimentary interbeds.
Hydraulic conductivities determined in the field were fairly consistent, varying only over two orders
of magnitude. Field hydraulic conductivities ranged from 3.9E-5 to 2.9E-3 cm/s with an average of
1.2E-3 cm/s. Significant differences in hydraulic conductivities were not observed between tests
performed on the basalt versus tests performed on the sedimentary interbeds (i.e., interbeds CD, D,
and DE2). The depths are approximately 110, 140, and 230 ft (33.5, 42.7, and 70.1 m) BGL.

The range of hydraulic conductivities determined from the field aquifer tests is within the range
of hydraulic conductivities measured in the laboratory. The average hydraulic conductivity
determined from the field tests is 3.3 ft/d (1.2E-3 cm/s) compared to an average of 1.96 ft/d
(6.9E-4 cm/s) determined from the laboratory tests. Some of the difference between the two hydraulic
conductivities may be attributed to the fact that the field tests measured horizontal hydraulic
conductivity whereas the laboratory tests measured vertical hydraulic conductivity. Typically,
horizontal hydraulic conductivities are greater than the corresponding vertical hydraulic
conductivities.

Hydraulic conductivities obtained from both field and laboratory measurements of the
boreholes were compared. Results showed that, from the same zone in Well MW-4, the average
hydraulic conductivity determined in the laboratory was 0.1 ft/day (3.8E-5 m/s) compared to the field
determined value of 0.11 ft/day (3.9E-5 m/s). Similarly in Well MW-6, the hydraulic conductivity
determined in the laboratory was 6.2 ft/d (2.2E-3 cm/s) compared to the field determined value of
3.7 ft/day (1.3E-3 cm/s). These two wells are the only locations where both field and laboratory
measurements were performed.

J.2.3.7 Lower Perched Water Zone. A lower perched water zone has been identified in the
basalt between 320 and 420 ft (98 and 128 m) BGL. This zone was first discovered in 1956 when
perched groundwater was encountered at a depth of 348 ft (106 m) while drilling Well USGS-40
(Robertson et al. 1974). Since then, perched water has been encountered in this zone during the
drilling of Wells MW-1, MW-17, and MW-18 (Figure J-1), USGS-41, USGS-43, USGS-44,
USGS-50, USGS-52 (Figure J-2). Borehole neutron logs run from Wells USGS-40, USGS-43,
USGS-46, USGS-51, and USGS-52 indicate that in 1993 perched water may still have been present in
this zone.

New well sets have been installed to support post-ROD monitoring of the vadose zone. Prior to
these installations, only four wells were completed in the lower perched water zone. Wells MW-1,
MW-18, and USGS-50 were completed in the northern portion of the facility, and water has been
encountered at approximately 322, 407, and 383 ft (98.1, 124, and 117 m) BGL, respectively. In the
southern portion of the INTEC facility, only Well MW-17D was completed in the lower perched

J-17



HWMA/RCRA Post-Closure Permit Application, Volume 21 Book 1, Revision 2 — September 2002

water zone in which water is encountered at a depth of approximately 364 ft (111 m) BGL (see
Figure J-1).

Similar to the upper perched water zone, it is thought that the lower perched water zone is
formed by decreased permeability associated with sedimentary interbed layers. It appears that the
lower perched water has formed primarily on the DE7 interbed (see Figure J-6). The top of this
interbed occurs beneath the INTEC at depths ranging from 383 to 426 ft (101 to 112.5 m) BGL in the
western portion of the INTEC facility. However, the DEG6 interbed is responsible for creating perched
water associated with Wells USGS-40 and USGS-43. The lower perched water zone is not continuous
beneath the entire facility and may actually consist of several individual perched water bodies.
Recharge to the southern perched water body is from service wastewater discharged to the percolation
ponds. The source of recharge to the western portion of the northern perched water body is unknown,
though the Big Lost River and facility water leaks are likely contributors.

Water levels in the lower perched water zone have been monitored since the early 1960s in
Well USGS-50. The water level in this well has been fairly consistent, ranging between 4,530 to
4,540 ft (1,381 to 1,384 m) AMSL. In the late 1960s and early 1970s, however, the water level
increased by approximately 90 ft (27.4 m) in response to failure of the INTEC injection well, CPP-23.
During this period, wastewater was discharged directly to the vadose zone from the INTEC injection
well at a reported depth of 226 ft (69 m) BGL (Fromm et al. 1994). Measurements made in 1966
showed that the well was intact. Therefore, most of the collapse took place in 1967 or early 1968. The
period when the INTEC injection well was plugged and discharged directly into the vadose zone has
resulted in a thick zone of contamination underlying the INTEC. This zone serves as a possible source
of contamination to the lower perched water zone and complicates any interpretation of
contamination in the subsurface.

In September 1970, a drilling contractor began to redrill and reline the injection well to its
original depth. By October, deepening had progressed to about 500 ft (152.4 m) and the water level in
the well had resumed its normal depth at about 455 ft (138.7 m). During the well repair, wastewater
was disposed to Well USGS-50. The injection well collapsed again and had to be reopened to the
water table in late 1982. At this time, a high-density polyethylene liner 10 in. (25.4 cm) in diameter
was placed in the well from ground level to the bottom of the well. The liner was perforated from
450 ft (137 m) BGL (approximately 8 ft [2.4 m] above the water table) to the bottom of the well. On
February 7, 1984, the injection well was taken out of routine service, and wastewater is now pumped
to Percolation Ponds SWP-1 and SWP-2.

J.2.3.8  Lower Perched Water Contamination. Contamination in the lower portion of the
vadose zone is different in composition from the upper perched zone. The lower vadose zone perched
water contamination results from the two INTEC injection well (CPP-23) collapses where service
wastewater was released into the vadose zone above the lower sediment and the migration of upper
perched water toward the SRPA. Lower perched water is monitored at the INTEC by Wells MW-1,
MW-17, MW-18, and USGS-50 that are completed in water-bearing zones occurring at depths
between 326 to 336 ft (99.4 to 102.4 m), 360 to 381 ft (110 to 116 m), 394 to 414 ft (120 to 126 m),
and 360 to 405 ft (110 to 123 m), respectively.

Historically, two rounds of perched water samples have been collected from Well MW-1, one
round of perched water samples has been collected from Wells MW-17 and MW-18, and a substantial
database concerning radioactive contaminants is available about the water quality from Well
USGS-50. As previously indicated, there is no verifiable evidence of HWMA/RCRA-regulated
contamination below the INTEC in the lower perched water bodies. However, radionuclides have
been detected. The radionuclides detected in water samples from Well MW-1 include *°Sr (4.5 +
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0.4 pCi/L) and *H (24,700 + 400 pCi/L). Of these contaminants, only *H was measured above the
federal primary MCL of 20,000 pCi/L. As *H concentrations in the lower perched water zone are
higher than the *H concentrations in the overlying perched water bodies, the source of this
contamination is either a historical release where the contaminants have moved through the system, or
wastewater disposal to the INTEC injection well.

Well MW-18 is completed in the deeper perched water zone near the eastern boundary of the
INTEC. From sampling conducted during June 1995, only nitrate/nitrite concentration at 34.4 mg/L
exceeded either a federal primary or secondary MCL. The radionuclides detected in the lower perched
groundwater at this location include *H (73,000 + 700 pCi/L), **Sr (207 + 2 pCi/L), and
#Tc (736 = 67 pCi/L). The *H and *Tc concentrations from this well are some of the highest
concentrations measured in the perched water beneath the INTEC.

Well USGS-50 was originally intended to be completed in the SRPA, but was ultimately
drilled to a total depth of 405 ft (123 m) to monitor a lower perched water zone. This well is located
in the north-central portion of the facility. The highest concentrations of *H and *’Sr occurred in 1969
and 1970. These elevated concentrations were attributed to the failure of the INTEC disposal well,
where the wastewater was injected to the vadose zone rather than directly to the aquifer.

From the May 1995 water sampling of Well USGS-50, the concentrations of all chemical
contaminants except nitrate/nitrite were below federal primary or secondary MCLs. Nitrate/nitrite
concentration was measured at 31.3 mg/L compared to the federal primary MCL of 10 mg/L.
Radionuclides in the perched water that were detected include *H (61,900 + 700 pCi/L), *’Sr
(151 +£2 pCi/L), and *Tc (63 + 1J pCi/L). The concentrations for *H and *Sr are within the expected
values based on the historical sampling conducted by the USGS.

Well MW-17 is the only lower perched water monitoring well located in the southern portion
of the INTEC. This well has been constructed to monitor three perched water bodies: an upper zone
from 181.7 to 191.7 ft (55.4 to 58.4 m) BGL, a middle zone from 263.8 to 273.8 ft (80.4 to 83.5 m)
BGL, and a lower zone from 360 to 381 ft (110 to 116 m) BGL. During the May 1995 sample
collection, water was only present in the upper and lower zones. None of the chemical constituents
detected in the perched water exceeded either a federal primary or secondary MCL. Only two
radionuclides ("H and **Tc) were detected in perched water samples collected from Well MW-17. The
concentrations of these two radionuclides were similar between the upper and lower perched water
zones. Concentrations of *H varied from 25,100 % 400 to 25,700 =+ 400 pCi/L and PT¢ concentrations
varied from 5.9 + 0.6 to 6.4 + 0.6 pCi/L.

J.2.4  Snake River Plain Aquifer

The SRPA has been designated by the EPA as a sole-source aquifer for the region. The SRPA
is about 200 mi (322 km) long and varies between 55 to 70 mi (89 to 113 km) wide. It extends from
Ashton, Idaho, and the Big Bend Ridge on the northeast to Hagerman, Idaho, on the southwest and
covers about 10,000 mi” (25,900 km?). The aquifer consists of a series of basalt flows with
interbedded sedimentary deposits and pyroclastic materials. The boundaries are formed by the
contacts of the aquifer with less permeable rock at the margins of the plain (Mundorff et al. 1964).

3 Results for *Tc were labeled with a “J” during data validation, which indicates that an intervening factor (or factors)
make it probable that the level of uncertainty in the reported value is greater than the uncertainty listed.
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Robertson et al. (1974) estimated that as much as 2 billion acre-ft of water may be in storage in the
aquifer, of which about 500 M acre-ft are recoverable (DOE-ID 2000Db).

Groundwater in the SRPA generally occurs under unconfined conditions, but locally may be
quasi-artesian or artesian (Nace et al. 1959). The quasi-artesian or artesian conditions are caused by
layers of dense, massive basalt or sediments with relatively low permeability. Nace et al. (1959)
described quasi-artesian as the situation in which the groundwater level is first recognized in a
borehole during drilling at a depth below the regional water table, and then the level rises
significantly (5 to 50 ft [1.5 to 15.2 m]) to the level of the water table. This rise of the water level
simulates artesian pressure, but the conditions are not truly artesian. Nace et al. (1959) also noted
water levels in some wells in the SRPA respond to fluctuations in barometric pressure similar to wells
in confined aquifers, indicating that tight zones in the basalt may impede pressure equalization. True
artesian or flowing artesian conditions in the SRPA were identified at Rupert, Idaho, in parts of the
Mud Lake Basin, and north of the American Falls Reservoir (Nace et al. 1959).

Recharge to the aquifer is primarily by valley underflow from the mountains to the north and
northeast of the plain and from infiltration of irrigation water. A small amount of recharge occurs
directly from precipitation. Recharge to the aquifer within INEEL boundaries is primarily by
underflow from the northeastern part of the plain and the Big Lost River (Bennett 1990). Significant
amounts of recharge from the Big Lost River have caused water levels in some wells at the INEEL to
rise as much as 6 ft (1.8 m) within in a few days after high flows in the river (Barraclough et al.
1982). Locally, the direction of groundwater flow is temporarily changed by recharge from the Big
Lost River (Bennett 1990).

Estimates of the effective thickness of the SRPA at the INEEL vary. A 10,365-ft (3,159-m)
deep geothermal test well (INEL-1) was drilled about 4.5 mi (7.2 km) north of the INTEC in 1979.
Subsurface geologic information from INEL-1 indicates at least 2,000 ft (610 m) of basalt underlie
the INEEL (Prestwich and Bowman 1980). Hydrological data from INEL-1 were interpreted by Mann
(1986) to indicate that the effective base of the aquifer is located 850 to 1,220 ft (259 to 372 m) BGL.
The depth to water at INEL-1 is about 400 ft (122 m) BGL, which suggests an effective aquifer
thickness of 450 to 820 ft (137 to 250 m). In earlier studies by Robertson et al. (1974), the effective
portion of the SRPA at the Test Reactor Area was assumed to be the upper 250 ft (76 m) of the
saturated zone based on lithology and water quality. The aquifer thickness varies at different areas,
and the aquifer becomes less productive with depth because of decreasing hydraulic conductivity
(Hull 1989). Hydraulic conductivity of the basalt in the upper 800 ft (244 m) of the aquifer generally
is 1.0 to 100 ft/d (0.3 to 30.5 m/d); whereas, the hydraulic conductivity of underlying rocks is several
orders of magnitude smaller (Orr and Cecil 1991). Fracture filling from sediments and secondary
mineralization are the principal reasons for the decreased hydraulic conductivity. Additional INEEL
and INTEC geologic and hydrogeologic characterization is found in Appendix VIII of this permit
application.

The water-table elevations range from 4,590 ft (1,399 m) AMSL in the northern part of INEEL
to about 4,420 ft (1,347 m) AMSL south of the INEEL; the depth to the water table varies from about
200 ft (61.0 m) BGL in the northern part of INEEL to about 900 ft (274 m) BGL in the southern part.
The general direction of groundwater flow is to the south-southwest, and the average gradient is about
4 ft/mi (0.8 m/km) (Orr and Cecil 1991). Locally, however, the hydraulic gradient varies significantly
and ranges from about 1.0 ft/mi (0.2 m/km) in the northern part of INEEL to a maximum of 15 ft/mi
(2.8 m/km).

The elevation of the water table and direction of groundwater flow are affected by recharge,
groundwater withdrawal, and variations in aquifer transmissivity. The effects of groundwater
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withdrawal are often localized in contrast to recharge and transmissivity variations that have regional
impacts. From July 1985 to July 1988, Orr and Cecil (1991) reported water-level changes in INEEL
wells ranging from a 26-ft (7.9-m) decline near the Radioactive Waste Management Complex to a
4-ft (1.2-m) rise north of TAN. Water levels generally declined in the southern two-thirds of the
INEEL during that time and rose in the northern one-third.

J.2.4.1 Hydraulic Conductivity in the SRPA. Hydraulic properties of the SRPA have been
determined by pumping tests. The effective hydraulic conductivity of the basalts and interbedded
sediments that make up the SRPA at and near the INEEL ranges from 3E-3 to 1E+4 m/d. This six-
orders of magnitude range was estimated from single-well aquifer tests in 114 wells, and is mainly
attributed to basalt flows and dikes (Anderson et al. 1999). By calculating the geometric mean of
transmissivity values, Hull (1989) estimated regional aquifer transmissivity for the southern INEEL to
be 2.94E+5 ft*/d (2.7E+5 m?/d). Estimates of the storage coefficients range from 0.01 to 0.06 and
effective porosity from 5 to 15%, with 10% being historically the most accepted value (Robertson et
al. 1974), although more recent information indicates that a lower value may be appropriate.

J.2.4.2  Hydraulic Conductivity of the SRPA in the Vicinity of the INTEC. The
hydraulic conductivity of the SRPA in the vicinity of INTEC was estimated using the transmissivity
values reported by Ackerman (1991) and the saturated thickness of the open interval of the well (see
Appendix VIII). The estimation of hydraulic conductivity assumes the wells fully penetrate the
saturated thickness of the aquifer. Hydraulic conductivities range five-orders of magnitude with a
maximum hydraulic conductivity of 1E+4 ft/d (3E+3 m/d) at Well CPP-3 and a minimum hydraulic
conductivity of 1E-1 ft/d (3E-2 m/d) at Well USGS-114. The average hydraulic conductivity within
the immediate vicinity of the INTEC is 1.3E+3 + 2.6E+3 ft/d (4E+2 + 7.9E+2 m/d). Using the
average hydraulic conductivity, a hydraulic gradient of 6.3 ft/mi (1.2 m/km) (Orr and Cecil 1991),
and an effective porosity of 10%, the calculated seepage velocity in the vicinity of the INTEC is
approximately 10 ft/d (3 m/d) (DOE-ID 2000a). Additional information on hydraulic conductivity of
the INTEC is provided in Appendix VIII of this permit application.

J.2.4.3 Contamination in the SRPA. There is no verifiable evidence of HWMA/RCRA
contamination below the INTEC in the SRPA. However, the water quality in the SRPA at and
downgradient from the INTEC has been adversely impacted from past facility operations. The SRPA
(Group 5) is identified under the CERCLA program as containing low-level threat wastes. The COCs
identified in the OU 3-13 baseline risk assessment are primarily radionuclides and include *Sr,
tritium, *’Cs, '*I, plutonium isotopes (=% 224024 241pyy) yranium isotopes (3**** ™4 33¥U), Z'Np,
' Am, and *Tc. In addition, mercury was identified through modeling as a COC.

Water-level elevations indicate two separate sources of local recharge to the SRPA. One source
for recharge is apparently from the percolation ponds as indicated by elevated water levels measured
in Wells USGS-51, USGS -112, USGS-113, USGS-114, USGS-115, and USGS-116. Water-level
response to recharge from these ponds is indicated by a 2-ft (0.6-m) rise in Well USGS-113 and a
1.0-ft (0.3-m) rise in Well USGS-51. The water table in the SRPA downgradient from the percolation
ponds indicates a preferred flow direction toward the southwest with a secondary flow component to
the southeast.

Directly south of the percolation ponds, water levels in Wells USGS-77 and USGS-111 are
significantly lower than what would be expected based on the water levels in the adjacent wells. The
primary reason suspected for this anomaly is the local variation in the water-bearing characteristics of
the SRPA. A second possible source of recharge to the SRPA may be indicated by unusually high
water levels measured in Well USGS-47. These levels are consistently 1 to 2 ft (0.3 to 0.6 m) higher
than corresponding water levels measured from the surrounding wells. The possible causes of this
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situation include local recharge, local pumping, vertical hydraulic gradient (i.e., increasing hydraulic
head with depth), and well completion characteristics.

Groundwater directly beneath the INTEC generally flows to the southwest and southeast, with
a minor flow component to the south. The local flow pattern likely results from local recharge (i.e.,
percolation ponds and sewage ponds) that creates the mounding in the water table, and possibly from
pumping the production wells. As the groundwater progresses beyond the influence of INTEC, it
flows toward the southwest. The local hydraulic gradient is low, only 1.2 ft/mi (0.2 m/km) compared
to the regional gradient of 4 ft/mi (0.8 m/km). Additional hydrogeologic characterization of the
INTEC is provided in Appendix VIII.

J.2.4.4 Local Flow Velocity in the SRPA. Tritium from INTEC wastes has been used
extensively in tracing groundwater flow velocities and directions (Morris et al. 1964; Hawkins and
Schmalz 1965; Barraclough et al. 1967). Peaks of high tritium discharge to the disposal well have
been particularly useful in determining the local flow characteristics in the SRPA. One of the most
studied peak discharges of tritium occurred in December 1961, because it was preceded and followed
by relatively long periods of low tritium discharge.

The concentration of the tritium peak as it passed each observation well provides an indication
of the amount of dispersion the tritium discharge has undergone. The trititum concentration
distribution indicates two preferred flow paths from the disposal well probably exist: the predominant
path to the southwest and a less clearly defined path to the southeast. Some of the explanation for this
phenomenon is provided in the plot of the transmissivity values for the INTEC, where a zone of low
transmissivity is located directly to the south. This zone of low transmissivity to the south apparently
acts as a barrier and impedes the local groundwater flow. The high degree of anisotropy associated
with fractured aquifers is another reason for the large amount of dispersion that occurs in the SRPA.
Additional characterization of local flow velocity at the INTEC is provided in Appendix VIII.

J.2.4.5 Groundwater Pumping Effects on the SRPA. The INTEC facility uses
approximately 2.1 M-gal (7.9 M-L) of water each day. This water is supplied by two raw water wells
(CPP-1 and CPP-2) and two potable water wells (CPP-4 and ICPP-POT-012) located in the northern
portion of the facility. As part of the WAG 3 remedial investigation, the effect of pumping
groundwater from these wells upon the local water table was investigated during July and August
1995. This investigation involved continuous water-level monitoring of several aquifer wells
completed in the northern section of the INTEC while metering the pump usage in Production Well
CPP-2.

Water-level fluctuations in six aquifer wells (MW-18, USGS-40, USGS-43, USGS-47,
USGS-52, and USGS -121) were monitored at 5-minute intervals using pressure transducers and data
loggers. The National Oceanic and Atmospheric Administration recorded barometric pressure
changes at 5S-minute intervals at the CFA weather station, which is located approximately 3 mi (5 km)
from the INTEC. Pump usage for Well CPP-2 was continuously monitored based on amperage
requirements. During the 11 days of the test, the production well pump turned on 17 times with each
pump cycle lasting for approximately 9 hours.

The water levels in all aquifer wells exhibited a similar response. Daily fluctuations, generally
less than 1 in. (3 cm), were observed in all aquifer wells corresponding with pump usage of the
production well. In almost all pump cycles, the corresponding water levels in the aquifer wells
decreased by an average of 0.75 in. (1.9 cm). Only Pump Cycle No. 11 demonstrated an increase in
water levels throughout the pump duration for all wells except Well USGS-40. This water-level
increase during this pump cycle may be the result of a local or regional trend and is not related to
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pumping groundwater. Other than Pump Cycle No. 11, the water levels decreased during the pump
cycle in Wells MW-18, USGS-40, USGS-43, and USGS-52 throughout the test.

As shown by this test, water levels in the SRPA are affected by pumping groundwater from the
production well. Minimal responses (< 1.0 in. [< 2.5 cm]) were observed in these six monitoring
wells; however, the wells are located approximately 2,000 ft (610 m) from the production well.
Increased drawdown would be expected closer to the production well that could affect the local
groundwater flow direction in the northern sections of the INTEC. Additional information on the
effects of pumping groundwater at the INTEC is provided in Appendix VIII.

J.3 Topographic Map Showing Groundwater Monitoring Wells
IDAPA 58.01.05.012 [40 CFR 270.14(c)(3)]

The topographic map showing the waste management areas and the groundwater monitoring
wells selected for groundwater monitoring is provided in Appendix V.

J.4 Description of any Plume Contaminants
from a Regulated Unit
IDAPA 58.01.05.012 [40 CFR 270.14(c)(4)]

As previously stated, there is no verifiable evidence of HWMA/RCRA constituents originating
from the WCF in the perched groundwater.

J.5 Proposed Groundwater Monitoring System
IDAPA 58.01.05.012 and 008 [40 CFR 270.14(c)(5) and 40 CFR
264.97]

Groundwater monitoring of perched water will be conducted to determine (1) whether hazardous
waste or hazardous waste constituents associated with the WCF have entered the groundwater, (2) the rate
and extent of migration of hazardous waste or hazardous waste constituents in the groundwater, and (3) the
concentrations of hazardous waste or hazardous waste constituents in the groundwater. If summary
statistics determine that significant evidence of contamination is detected above established background
levels a PMR would be submitted to the DEQ to include SRPA monitoring.

Correlating contaminants, or contaminant concentrations, that may be observed in the perched
water to a release from the closed WCF is extremely complicated because of three significant factors.
First, the waste streams that were processed at the WCF are not unique to the WCF. The same waste
streams were processed at several other major facilities all located in relatively close proximity to the
WCEF. These include the Fluorinel Dissolution Process and Fuel Storage Area (Building CPP-666),
the Fuel Processing Facility (Buildings CPP-601 and CPP-602), the HLLW TFF, the PEWE
(Building CPP-604/605), and the NWCF (Building CPP-659). In the WAG 3, OU 3-13 ROD, ten
release sites were identified at the TFF alone (DOE-ID 1999). Second, approximately 450 ft of
vadose zone is present between the land surface and SRPA. The vadose zone beneath the INTEC
comprises a highly heterogeneous layering of fractured basalt flows and sedimentary interbeds. Three
separate and significant sources of groundwater recharge act on the vadose zone, including the Big
Lost River to the north, the sewage treatment plant lagoons to the northeast, and the service water
percolation ponds to the south. Recharge from these water sources combine to create perched water
bodies in the vadose zone and a flow system that mixes contaminants from the numerous surface
release sites. Given the layering of the system, where horizontal permeabilities can be several orders
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of magnitude greater than vertical permeabilities, significant lateral movement of the perched water
and associated contaminant may occur, further complicating the ability to track contaminants from
land surface to the aquifer. Third, past disposal of service water (including a component from the
PEWE) through the former INTEC injection well and the identified presence of soil contamination
from old releases under and around the WCF make identification of new releases difficult.

J.5.1  Perched Groundwater Monitoring Wells

The monitoring system will consist of wells within the upper perched water zones and lower
perched water zones. The perched water zones are noncontiguous bodies of water that are subject to
directional change from recharge influences from the Big Lost River, sewage treatment lagoons, and
percolation ponds. Within the perched water zones, these factors make it difficult to establish
unaffected, hydraulically upgradient background wells for use in detection monitoring. Therefore,
perched water monitoring wells have been spatially selected to account for changes in groundwater
flow direction, and statistical methods have been proposed to examine significant changes within
individual wells and within the entire monitoring well network as a system.

To assess contamination from the WCEF, perched water samples will be collected from five
perched groundwater wells. The wells selected for detection monitoring are CPP-55-06, ICPP-MON-
P-002 (MW-2), ICPP-MON-P-005 (MW-5), ICPP-MON-P-019 (MW-18), and ICPP-MON-P-020
(MW-20) (see Topographic Map in Appendix V). Well construction details for the proposed perched
water monitoring wells are given in Table J-1.

Because of the noncontiguous nature of the perched zones, the water levels in the wells will be
monitored on a monthly basis for two years to evaluate flow directions in the perched water zones.
The five wells were selected to account for possible shifts in flow direction. The interim point of
compliance (POC) wells, ICPP-55-06, ICPP-MON-P-002, and ICPP-MON-P-005 (MW-5), have
been identified on the topographic map located in Appendix V.

The stated WAG 3 remedial action objective for the INTEC is to eliminate perched water by
removing the sources. To accomplish this, the percolation ponds are being moved to a new area.
Infiltration from the Big Lost River will be addressed by 2008. The necessity or ability to monitor
perched water will be evaluated each year. If a perched water well is dry at the time of sampling,
perched water samples will not be collected during that sampling event. All perched monitoring
wells proposed for abandonment due to the elimination of perched water must be approved by the
Director prior to abandonment and will require a permit modification in accordance with 40 CFR §
270.41.

J.5.2 Sampling and Analysis Procedures

Field measurements, sample collection and preservation, and quality assurance/quality control
(QA/QC) criteria are defined below for the WCF post-closure sample collection activities.

J.5.2.1 Groundwater Elevations. Prior to initiation of sampling, all groundwater elevations
will be measured using an electronic water-level indicator, weighted measuring tape, or continuous
recorder method from the reference marker. Measurement of all groundwater levels will be recorded
relative to mean sea level and to an accuracy of £ 0.01 ft (0.003 m).

The water-level data obtained from the wells in this monitoring program will be combined with

water-level measurements obtained from other WAGs or USGS data to determine groundwater flow
gradients, direction and rate of annual groundwater flow, and to generate potentiometric maps.
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Table J-4. Summary of perched groundwater monitoring wells.

Monitored Zone Well Designation

Upper Perched Groundwater CPP-55-06, ICPP-MON-P-002 (MW-2), ICPP-MON-P-
005 (MW-5), ICPP-MON-P-020 (MW-20)

Lower Perched Water INTEC-MON-P-19 (MW-18)

J.5.2.2  Perched Groundwater Purging. All perched water wells will be purged prior to
sample collection. The static well volume is calculated after measuring the level. Typically three to
five times the calculated volume of water in the well is removed in an effort to obtain a representative
sample from the perched water zone. During purging, measurements will be made to determine
specific conductance, pH, and temperature. Stabilization of the parameters is satisfied when
successive readings meet the following criteria:

e pH + 0.1 standard units
e Specific conductance  + 10 umhos/cm
e Temperature +0.5°C

Purged water from wells completed within the perched water zones will be collected and
managed in accordance with the appropriate HWMA/RCRA and radiological requirements.

J.5.2.3  Perched Groundwater Sample Collection. Prior to purging, the water level in
each well will be measured and a static well volume is calculated. Typically three to five times the
calculated volume of water in the well is removed in an effort to obtain a representative sample from
the perched water zone. During purging, measurements will be made to determine specific
conductance, pH, and temperature.

When purging a well, if insufficient water is available to complete the purging, the well will be
allowed to recover overnight, but not more than 24 hours. If the well volume is still insufficient to
complete purging, the samplers will collect the available water for analysis. Sampling at the well will
then be considered complete. The first sample is used for determining pH, specific conductance, and
temperature. The following is the preferred order for sample collection:

1. Metals (filtered)
2. Volatile organic compounds (VCOs)
3. Semivolatile organic compounds.

Sample bottles are protected from contamination by the sampler using clean, waterproof
gloves. The identification label is placed on the bottle with the appropriate information such as
sample ID number, name of project area/well, type of analysis, date, sampler, preservative and
collection time. Collect enough water from the well to fill the required number of bottles. The water
is transferred from the sampling equipment directly to the sample bottle. The bottle is filled to the
neck or for samples that require volatile organic analysis, the bottle is filled until no air bubbles or
headspace is left.
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After the samples have been collected, remeasure for ph, specific conductance, and temperature
as a measure of purging efficiency and as a check on the stability of the water samples over time.

Following sampling, all non-dedicated equipment that came in contact with the well water will
be decontaminated using deionized water. Since the media sampled is suspected of containing RCRA
listed hazardous waste, the solution used to decontaminate the equipment is contained, managed, and
disposed of in accordance with appropriate HWMA/RCRA and radiological requirements.

J.5.2.4 QA/QC Samples. For perched groundwater monitoring and sampling, collection of
QA/QC samples is required. Equipment rinsate samples are required for samples collected from wells
that do not have dedicated sampling equipment.

Quality control requirements will be satisfied by collecting QA/QC samples (duplicates, field
blanks, and equipment rinsate) during the perched groundwater sampling according to the schedule
presented in Table J-5.

J.5.2.5 Sample Preservation. Sample preservation is required for many of the chemical
constituents and physiochemical parameters that are not chemically stable but are measured or
evaluated in a perched groundwater sampling program. Methods of sample preservation are generally
intended to retard biological action, retard hydrolysis, and reduce sorption effects. Preservation
methods usually include pH control, chemical addition, refrigeration, and protection from light.
Appropriate preservation methods will be used.
J.5.2.6 Chain-of-Custody Procedures. The purpose of the chain-of-custody procedures is
to ensure the possession and handling of samples are traceable at all times. A sample is considered in
custody if it falls under one of the following descriptions:

e Inone’s possession

e Inone’s view after being in one’s physical possession

e Inone’s physical possession and then locked up to prevent someone from tampering with the
sample

e Keptin a secured area and restricted to authorized and accountable personnel only. A
secured area is an area that is locked, such as a room, cooler, or refrigerator. If the area
cannot be locked, a current revision of custody seal will be used to secure the area.

The following recommended information is recorded as appropriate:

e Signature of the person maintaining custody
e Project name or title

e Sample identification number

e Sampling date

e Sampling time

e Type of sample (e.g., grab or composite)
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e Physical state of sample (e.g., aqueous or solid)

e Preservation used

e Sample location

e Analysis to be performed

e Number of sample containers
J.5.2.7 Transportation of Samples. Samples will be shipped in accordance with the
regulations issued by the U.S. Department of Transportation (DOT) (49 CFR 171 through 178) and
EPA sample handling, packaging, and shipping methods (40 CFR 262).
J.5.2.8 Custody Seals. Custody seals will be placed on all shipping containers in such a way
as to ensure that tampering or unauthorized opening does not compromise sample integrity. Clear

plastic tape will be placed over the seals to ensure that the seals are not damaged during shipment.

Table J-5. The QA/QC samples for perched groundwater sampling.

Activity Type Comment
Perched Duplicate Field duplicates will be collected at a frequency of 1 per 20 samples
Groundwater per sampling event or 1 per 4 sampling days, whichever is more
sampling frequent.
Field blank Field blanks will be collected at a frequency of 1 per 20 samples per
sampling event or 1 per 4 sampling days, whichever is more frequent.
Trip blanks Trip blanks will be collected when VOC samples are taken to include
one in every cooler shipped.
Equipment Equipment rinsate samples will be collected if the well does not have a
rinsate dedicated pump. A minimum of 1 rinsate sample will be collected per

sampling event, or 1 per 20 samples per sampling event, or 1 per 4
sampling days, whichever is more frequent.

VOC = volatile organic compound

J.5.2.9 On-Site and Off-Site Shipping. An on-Site shipment is any transfer of material
within the perimeter of the INEEL. Site-specific requirements for transporting samples within INEEL
boundaries and those required by the shipping and receiving department will be followed. Shipment
within the INEEL boundaries will conform to DOT requirements as stated in 49 CFR Parts 171-178.
Off-Site shipment will be coordinated with INEEL packaging and transportation personnel, as
necessary, and will conform to all applicable DOT requirements.

J.5.2.10 Sample Identification Code. The following lists the sample label information to be
used for perched groundwater sampling as applicable:

e Project name

e The site/sample identification
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e The analysis to be performed on the sample
e The date the sample was collected

e The time the sample was collected

e The preservative used (if any)

e Name of sampler

The Sampling and Analysis Plan (SAP) tables will be used to record all pertinent information
(well designation, media, date, etc.) associated with each sample ID code. The examples of SAP
tables to be used for the perched groundwater sampling conducted during the first two years are
presented in Appendix IX.

J.5.2.11 Sample Designation.

The SAP table format was developed to simplify the presentation of the sampling scheme for
project personnel. Examples of SAP tables are presented in Appendix IX.

J.6  Quality Criteria for Measurement Data
J.6.1 Evaluation of Initial Characterization Data

There is no verifiable evidence of HWMA/RCRA constituents that have originated from the
WCF in the perched groundwater (INEEL 2002). Groundwater data were not collected under the
provisions of IDAPA 58.01.05.009 (40 CFR 265 Subpart F) during the interim status period at the
WCF. However, groundwater samples were collected from the perched and SRPA groundwater
monitoring wells as part of other investigations during this period. During the 1993 to 1994 WAG 3,
perched water investigation, the perched and SRPA groundwater monitoring wells were sampled and
analyzed for field parameters, inorganics, and radionuclides.

During the 1993 to 1994 WAG 3 investigation, 18 perched groundwater wells were sampled
for 35 organic contaminants. Of the 630 reported analytical results (excluding trip blanks), 36
contaminants were reported as detected. These data are of an unknown quality. Nearly all detections
were qualified below the contract laboratory quantification limit, contamination was detected in trip
blanks, constituents were not detected in duplicate samples where the same constituent was detected
in the duplicate pair, and contaminants were detected in quality control samples. Additionally, the
original data packages are not available for data validation.

Under a continuing WAG 3 investigation in 1995, the perched and SRPA groundwater
monitoring wells were sampled and analyzed for field parameters, inorganics, and radionuclides.
HWMA/RCRA inorganics above the toxicity characteristic leaching procedure were not detected in
the perched or SRPA groundwater samples taken below INTEC.

The USGS sampled numerous SRPA monitoring wells between 1951 and 1998 for a variety of
organic and inorganic constituents. HWMA/RCRA organic and characteristic contaminants were not
detected in the SRPA groundwater samples taken from below INTEC facility boundaries.

Samples were taken from the perched groundwater wells MW-2, MW-5, MW-20, USGS-050,
and other wells in 2001 and 2002. The 2001 samples were not filtered and results included analytes

J-28



HWMA/RCRA Post-Closure Permit Application, Volume 21 Book 1, Revision 2 — September 2002

associated with the water and soil/sediment fractions of the samples. The 2002 samples were filtered
prior to analysis, and results include only those analytes associated with the water fraction of the
samples. No HWMA/RCRA constituents were detected in the filtered samples.

J.6.2 Quality Assurance/Quality Control

QA/QC objectives specify what measurement criteria must be met to produce acceptable data
for a project. The technical and statistical qualities of these measurements must be properly
documented. Precision, accuracy, and completeness are quantitative parameters that must be specified
for physical/chemical measurements. Comparability and representativeness are qualitative
parameters.

QA/QC objectives for this project will be met through a combination of field and laboratory
checks. Field checks will consist of collecting field duplicates, equipment blanks, and field blanks.
Laboratory checks consist of initial and continuing calibration samples, laboratory control samples,
matrix spikes, and matrix spike duplicates.

J.6.3.1 Field Precision. Field precision is a measure of the variability not due to laboratory or
analytical methods. The three types of field variability or heterogeneity are spatially within the data
population, between individual samples, and within an individual sample. Although the heterogeneity
between and within samples can be evaluated using duplicate and sample splits, overall field
precision will be calculated as the relative percent difference between two measurements, or relative
standard deviation among three or more measurements. The relative percent difference or relative
standard deviation will be calculated during the data validation process or by the laboratory as a
requirement of the analytical method used.

Duplicate samples to assess precision will be co-located and collected by field personnel at a
minimum frequency of one duplicate for at least one of the wells sampled each quarter. Examples of
sample identifications for the duplicate samples are provided in the SAP table presented in Appendix
IX. The location for duplicate samples will be rotated over the project life to ensure that at least one
duplicate sample will be collected from each well if sufficient water exists.

J.6.3.2 Field Accuracy. Cross-contamination of the samples during collection or shipping could
yield incorrect analytical results. To assess the occurrence of any cross-contamination events,
equipment and field blanks will be collected to evaluate any potential impacts. The goal of the
sampling program is to eliminate any cross-contamination associated with sample collection or
shipping.

Field personnel will collect equipment rinsate blanks and field blanks during the course of the
project. Trip blanks will be collected whenever samples for volatile organic compound analysis are
scheduled for collection. The equipment rinsate blanks and field blanks will be collected at a
frequency listed in Table J-5. Examples of sample identifications for the blanks are provided in the
SAP table presented in Appendix IX.

J.6.3.3 Field Completeness. Field completeness will be assessed by comparing the number of
samples collected to the number of planned samples. Field sampling completeness is affected by such
factors as equipment and instrument malfunctions, and insufficient sample recovery. Completeness
can be assessed following data validation and reduction. The completeness goal for this project is
95%.
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J.6.3.4 Comparability. Comparability is a qualitative measure of the confidence with which one
data set can be compared to another. These data sets include data generated by different laboratories
performing analysis, data generated by laboratories in previous studies, data generated by the same
laboratory over a period of several years, or data obtained using different sampling techniques or
analytical protocols. Throughout the background concentration determination phase of this project,
the same analytical procedures will be used and the same laboratory will analyze the samples in an
effort to ensure data comparability. For field aspects of this program, data comparability will be
achieved using standard methods of sample collection and handling.

J.6.3.5 Representativeness. Representativeness is evaluated by assessing the accuracy and
precision of the sampling program and expressing the degree to which samples represent actual site
conditions. In essence, representativeness is a qualitative parameter that addresses whether the
sampling program was properly designed to meet the requirements specified. The representativeness
criterion is best satisfied by confirming that sampling locations are selected properly, sample
collection procedures are consistently followed, and a sufficient number of samples are collected to
meet the requirements stated in the final SAP table.
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J.7 Establishment of a Detection Monitoring Program
IDAPA 58.01.05.012 and .008
[40 CFR 270.14(c)(6)and 40 CFR 264.98]

The WCEF is a closed unit located among several identified contaminant release sites currently
being managed under the FFA/CO through the CERCLA program. As emphasized earlier,
correlating contaminants or contaminant concentrations that may be observed in the perched water to
a new release from the WCF will be complicated.

J.71 Detection Monitoring Indicator Parameters

Calcination was conducted in the WCF from 1963 until 1981, and then continued in the NWCF
until 1998. The HWMA WCF Closure Plan provided a list of HWMA/RCRA hazardous waste
numbers associated with the WCF. This list was based on an inventory of commercial chemical
products that were used at the INTEC and represented a conservative over-filing to allow for potential
future operations. A more recent list of HWMA/RCRA hazardous waste numbers that actually
entered the calciner systems (via the INTEC liquid waste system) was presented in the February 1999
A Regulatory Analysis and Reassessment of U.S. Environmental Protection Agency Listed Hazardous
Waste Numbers for Applicability to the INTEC Liquid Waste System (INEEL 1999). Characteristic
hazardous waste numbers associated with the WCF were taken from INEEL’s Part A permit
application.

Based on the February 1999 determination and the HWMA WCF Closure Plan, the hazardous
waste numbers applicable to the WCF are shown in Table J-6. The selected indicator parameters for
the detection monitoring program are a subset of these HWMA/RCRA-listed and characteristic waste
constituents. This subset is shown in Table J-7. The organic parameters will provide an indication of
whether listed hazardous constituents associated with the WCF are present in the groundwater. The
characteristic parameters will indicate whether the groundwater exhibits a characteristic of hazardous
waste.

The approved closure plan for the WCF characteristic and listed hazardous constituents list
(see Table 3 in Appendix I of this application) was based on information in Revision 0 and 1 of the
Regulatory Analysis of INTEC Liquid Waste Stream U.S. Environmental Protection Agency
Hazardous Waste Numbers. The report was based on operational information up to and including
1993. This resulted in a lengthy list of constituents in the WCF approved closure plan. Changes
incorporated in Revision 2 of the regulatory analysis were a result of operational information acquired
after 1993 up to July 1998. The assessment document, 4 Regulatory Analysis and Reassessment of
U.S. Environmental Protection Agency Listed Hazardous Waste Numbers for Applicability to the
INTEC Liquid Waste System, Revision 1, provides the applicable hazardous waste numbers as a result
of reevaluation of operational information as of February 1999. Between the 1993 list and the 1999
list the number of constituents was greatly reduced as appropriate with supporting data.

Formaldehyde, formic acid, hydrazine, and thiourea were not added to Table J-7. The
assessment document, 4 Regulatory Analysis and Reassessment of U.S. Environmental Protection
Agency Listed Hazardous Waste Numbers for Applicability to the INTEC Liquid Waste System,
Revision 1, for the liquid waste system, details the past practice/use of these constituents. After
interviewing individuals and reviewing documents (e.g., procedures) for the assessment document
mentioned above, it was determined that these four constituents did not qualify for the assignment of
a U-listed hazardous waste number. Therefore, formaldehyde, formic acid, hydrazine, and thiourea
were not considered for listing as indicator parameters.
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Table J-6. EPA hazardous waste numbers associated with the WCF.

EPA Hazardous Waste Numbers

Chemical Characteristic/Name

D002
D004
D005
D006
D007
D008
D009
D010
D011
F001

F002

F005

P098
P104
P105
P106
P119
P120
U012
U019
U030
U044
U080
U108
U122
U123
U133
U134
U138
U140

Corrosive
Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

1,1,1-Trichloroethane, Carbon tetrachloride,
Trichloroethylene

1,1,1-Trichloroethane, Carbon tetrachloride,
Trichloroethylene, Tetrachloroethylene, Methylene
chloride, 1,1,2-Trichloroethane

Benzene, Carbon disulfide, Pyridine, Toluene, Isobutyl
alcohol, Methyl ethyl ketone, 2-nitropropane*

Potassium cyanide*
Silver cyanide*
Sodium azide*
Sodium cyanide*
Ammonium vanadate*
Vanadium oxide*
Aniline

Benzene
Acetonitrile*
Chloroform
Methylene chloride
1,4-dioxane
Formaldehyde*
Formic Acid*
Hydrazine*
Hydrogen fluoride*
Methyl iodide
Isobutyl alcohol
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U144 Lead acetate*

U151 Mercury

U159 Methyl ethyl ketone
U171 2-nitropropane*
U188 Phenol

U196 Pyridine

U204 Selenuim dioxide*
U210 Tetrachloroethylene
U211 Carbon Tetrachloride
U219 Thiourea*

U220 Toluene

U225 Bromoform

U226 1,1,1-Trichloroethane
U227 1,1,2-Trichloroethane
U228 Trichloroethylene

* These constituents are not listed in 40 CFR264 Appendix IX - Groundwater Monitoring List. Therefore, analysis
will not be performed for these constituents.
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Table J-7. Detection monitoring indicator parameters.

Detection Limit

Field Parameters Indicator Parameters (ug/L) Analytical Method
Temperature Metals (dissolved):
Arsenic 10 6010B
Barium 20 6010B
Cadmium 1.0 EPA 200.9
Chromium 10 6010B
Lead 3.0 6010B
Mercury 0.2 7470A
Selenium 20 6010B
Silver 10 6010B
Vanadium 20 6010B
PH 1,1,1-trichloroethane 1.0 8260B
Specific conductance  Carbon tretrachloride, 1.0 8260B
Groundwater Trichloroethylene 1.0 8260B
elevation
Tetrachloroethylene, 1.0 8260B
Carbon disulfide 1.0 8260B
Toluene 1.0 8260B
Pyridine 5.0 8260B
Isobutyl alcohol 50 8260B
Methyl ethyl ketone 5.0 8260B
Aniline 5.0 8270C
Benzene 1.0 8260B
Chloroform 1.0 8260B
Methylene chloride 1.0 8260B
1,4-dioxane 54 8260B
Methyl iodide 5.0 8260B
Phenol 5 8270C
Bromoform 1.0 8260B
Vinyl chloride 2.0 8260B
1,2-Dichloroethylene 5.0 8260B
Cyanide 10 CLP ILM040-EPA 335.2
*Modified method

Method EPA 200.7 may be used in place of SW6010B
These are proposed methods. As methods are adopted or deleted, method numbers will change.
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J.7.2 Background Values for Detection Monitoring Parameters.

Background values were not established during the interim status period for use in the
detection monitoring program. In preamble language to the July 26, 1982, “Hazardous Waste
Management System; Permitting Requirements for Land Disposal Facilities” (Federal Register 1982),
the EPA stated,

“Under the detection monitoring program, the owner or operator determines whether
contaminants from a regulated unit have entered ground water by comparing levels
of constituents at the compliance point to background values for those constituents.
The first step in the process, then, is to establish a background value for each
monitoring well.”

For newly regulated units, EPA allowed background concentrations to be established from the
results of quarterly groundwater sampling conducted during the first year. However, in the case where
insufficient data existed to establish background at the time of permit issuance, EPA stated,

“The Regional Administrator may, however, specify in the permit the
procedures to be used in calculating background and indicate that whatever value
results from the calculation shall automatically become part of the permit. For
example, the owner may have only assembled 6 months of background data at the
time the permit is ready to be issued. Rather than wait for another 6 months until the
rest of the one year of background data has been assembled, the Regional
Administrator may simply specify how the additional background data will be used to
calculate the value.” (Federal Register 1982)

Because the WCF is located among several identified contaminant release sites, and the
perched water is subject to recharge fluctuation, establishing background conditions and accounting
for the seasonal, temporal, and recharge fluctuation within the groundwater monitoring system is
critical.

Therefore, the INEEL requests that in lieu of establishing background parameters within the
permit, the Director specify that the sampling and statistical procedures outlined below be used in
establishing background. The values and/or environmental profiles resulting from the procedures used
during the first two years of quarterly groundwater monitoring will be used to establish background
values and/or environmental profiles for use in the detection monitoring program.

J.7.3  Proposed Sampling and Statistical Procedures for Establishing Background.

The INEEL proposes that all data collected during the first two years of perched groundwater
monitoring be used to establish the background. This data will be examined for background
variability that may occur as a result of seasonal, temporal, and recharge conditions. In addition,
routine sampling may indicate a background of existing contamination that has not been detected
through sporadic sampling. During the first two years of quarterly perched groundwater monitoring,
data will be collected by taking one sample from each well listed in Table J-4. Samples will be
analyzed in the field for the field monitoring parameters and in a laboratory for the indicator
parameters listed in Table J-7. Any contamination detected during the first two years of quarterly
perched groundwater monitoring will be considered by and subject to DEQ's review and approval
prior to being implemented under the post-closure permit as background contamination and used to
establish a groundwater monitoring database/environmental profile for use in detection monitoring.
All data generated from characterization, monitoring, and analysis of the groundwater will
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summarized and submitted to the DEQ semi-annually and maintained at the facility throughout the
post-closure period. If reasonable background levels are not derived within two years from the permit
issuance date, then detection monitoring criteria will be chosen by the DEQ.

Data collected during the first two years of perched groundwater monitoring will be examined
by the methods for descriptive statistics that include summary statistics, distributional plots, and time
plots. All of the summary statistical methods will be applied for each well for each constituent
detected. Specific well data will be analyzed individually, and data from each well will be combined
and analyzed for each sampling event, and for the entire year.

The following statistical evaluation shall be implemented to establish an acceptable
background concentration:

o The INEEL shall conduct a minimum of quarterly sampling for two years (eight sampling events
total)

e The control limit shall be revised and set at 95% significance (control limit = x+1.96s, where x
and s are background mean and standard deviation, respectively)

e Compare future data collected to control limits (per well, per constituent)
e The control limit will not change once it is set.
e Check all assumptions for normality and independence used in the statistical evaluation.

After the first two years, summary statistics for determining background values and/or the
environmental profile will include mean, standard deviation, median, inter-quartile range, maximum
value, minimum value, and the first and third quartiles respectively. The distribution of data may be
shown using histograms, normal probability plots, and the box-and-whisker plots. Analysis will only
be performed for those wells where contamination is detected. When contamination is not detected,
records of non-detects will be maintained or accounted for by the use of detection limits.

J.7.4 Procedures for Responding to a Significant Finding.

When the summary statistics determine that significant evidence of contamination for
chemical parameters or hazardous constituents specified in Table J-7, the INEEL will in compliance
with 40 CFR § 264.98(g) perform the following:

1. Notify the Director within 7 days of the finding. The notification will include an
identification of the chemical parameters and hazardous constituents that have shown
statistically significant evidence of contamination;

2. The INEEL will immediately collect one sample from each affected well and analyze the
samples for IDAPA 58.01.05.008 (40 CFR § 264, Appendix IX) constituents and determine
concentrations.

3. Forany Appendix IX constituent detected pursuant to step 2 above, the INEEL may resample
the affected wells within one month and repeat the analysis. If the results of the second
analysis confirm the initial results, then these constituents will form the basis for compliance
monitoring. If the INEEL chooses not to resample for the constituents found pursuant to step
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2 above, the hazardous constituents found during the initial Appendix IX analysis will form
the basis for compliance monitoring.

4. Within 90 days, submit a permit modification to the Director to establish a compliance-
monitoring program that meets the requirements of IDAPA 58.012.05.008 (40 CFR §
264.99). The permit modification request will contain:

a. An identification of the concentration of any Appendix IX constituent detected in the
groundwater at each monitoring well;

b. Any proposed changes to the groundwater monitoring system at the facility that are
necessary for compliance monitoring;

c. Any proposed additions or changes to the monitoring frequency, sampling and analysis
procedures or methods, or statistical methods that will be used during compliance
monitoring;

d. A proposed concentration limit under IDAPA 58.01.05.008 (40 CFR § 264.94(a)(1) or
(2), or a notice to seek an alternate concentration limit; and

5. Within 180 days, submit to the Director:
a. All data necessary to justify an alternate concentration limit, if applicable; and
b. An engineering feasibility plan for corrective action, unless:
(1) All hazardous constituents identified pursuant to step 2 above are listed in Table 1 of
IDAPA 58.01.05.008 (40 CFR 264.94) and their concentrations do not exceed the

respective values given in that table; or

(2) INEEL has sought an alternate concentration limit for every constituent identified
pursuant to step 2 above.

6. IfINEEL determines that a significant finding resulted from an artifact caused by an error in
sampling, analysis, statistical evaluation, or natural variation, INEEL may make a
demonstration of such artifact as allowed under IDAPA 58.01.05.008 [40 CFR 264.98(g)(6)].
In making the demonstration, INEEL will:

a. Notify the Director in writing within 7 days of determining statistically significant
evidence of contamination that the INEEL intends to make this demonstration;

b. Within 90 days, submit a report to the Director that demonstrates a source other than the
regulated unit caused the contamination or that the contamination resulted from error in

sampling, analysis, or evaluation;

c. Within 90 days, submit to the Director a permit modification to make any necessary
changes to the detection-monitoring program; and

d. Continue the detection-monitoring program.
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7. The INEEL will submit a permit modification within 90 days of any determination that the
detection-monitoring program no longer satisfies the requirements of IDAPA 58.01.05.008
(40 CFR 264.98).
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Geologic and Hydrogeologic Characterization of the
INEEL and INTEC

The characterization provided in this appendix is from the Comprehensive RYFS for the 1daho
Chemical Processing Plant O 3-13 at the INEEL - Part A, RIBRA Report, DOED-10534, US
[Department of Energy ldaho Operanons Office, Idaho Falls, Idaho, November 1997,



2. ENVIRONMENTAL SETTING OF THE ICPP

The INEEL occupies 2,305 lan® (3% mi®) on the northern portion of the Eastern Snake River Plain
(ESRF) in southeastern Idaho (Figure 1-1). The eastern boundary of the INEEL is located appronimatehy
31 kom (32 mu) west of ldaho Falls, The INEEL 15 bounded on the northwest by the Lost River, Lemhi, and
Beaverhead mountain ranges, The remainder of the INEEL is bounded by the ESRP,

The INEEL is located in a topographically closed drainage basin. Three intermittent streams, the Big
Lost River, Little Lost River, and Birch Creek flow onto the INEEL. These streams originate in local
mountain dramages and much of the water is diverted or stored upstream of the INEEL for use in irrigation.
The Big Lost River is the principal surface water feature on the INEEL. Several storage and diversion
systems exist on the Big Lost River. The Mackay Reservoir is located about 48-km (30-mi) upstream from
Arco, Idaho, and has a storage capacity of 44,500 acre-ft (Van Haafien et al., 1984). A flood diversion
system was constructed on the INEEL in 1958 to protect INEEL facilities from potential flooding of the Big
Lost River. The system uses a low dam to divert river flow into a series of spreading areas located in the
southwestern portion of the INEEL. The capacity of the diversion system was expanded in 1984, and the
system is capable of accommodating flows of up to 263 m”/sec (9,300 ft'/sec) (Bennett, 1986),

Except for evapotranspiration, most of the water in the Big Lost River, Little Lost River, and Birch
Creek is recharged to the ground through imgation or mfiltration. Water from the Big Lost River infiltrates
mto the material beneath the river and into the SRPA. The volume of this infiltration is significant during wet
vears. Zones of perched water have been identified along the Big Lost River when it contains water, The
extent and volume of these perched water zones is not completely known,

The Snake River Plain Aquifer (SRPA) underlies the INEEL and is a valuable regional resource in
southeastern [daho, extending approcamately 320 kom (200 mi) from Ashion, Idaho, in the northeast to
Hagerman, Idaho, on the southwest. The aquifer consists of a series of basalt flows with interbedded
sedimentary deposits and pyroclastic materials. INEEL-wide water-level data compiled in July 1985
indicated the general direction of groundwater flow across the INEEL was toward the south-southwest at an
average gradient of about 0.8 m/km (4 ft/mi)(Bartholomay et al., 1997). Horizontal groundwater flow rates
m the SEPA have been estimated to vary from 0.3 to 7.6 m/day (1 to 25 ft/day) (FKaminsky et al., 1994;
Robertson et al., 1974). The SRPA was designated as a sole source aquifer by the EPA (56 FR. 50634,
October 7, 1991) because it is the only viable source of drinking water for many communitics on the ESRP.
The aquifer is the source of all water used at the INEEL.

2.1 Surface Features

EWMmthHMﬂumMmMWiwdmmm
predominant relief on the INEEL is the result of volcanic buttes and unevenly surfaced and fissured basalt
flows. Elevations on the INEEL range from 1,585 m (5,200 ft) in the northeast to 1,448 m (4,750 ft) in the
southwest with the average being approscimatedy 1 520 m (5,000 ft). A broad ridge on the ESRP extends
through the Big Southern, Middle, and East Buttes on the southern portion of the INEEL, effectively
separating drainage from the mountains in the north from that of the Snake River to the south. The Big Lost
River flows onto the INEEL in the southwest and tumns north, culminating in a senes of plava lakes where it
infiltrates, recharging the SRPA. The majorty of the land within the boundaries of the INEEL is relatively
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The ICPP is located in the south-central portion of the INEEL. Elevation at the ICPP is 1,498 m
(4,917 ft), and the facility’s northwest comer is actually truncated by the current channel of the Big Lost
River. Gravelly, medium-to-coarse textured soils derived from alluvial deposits occur in the vicinity of the
ICPP. The underlying basalt is covered with as much as 18.2 m (60 fi) of these soils and the land surface is
flat and covered with sagebrush,

2.2 Demographic and Land Use
221 Demography (On-Site and Off-Site Populations)

The nearest INEEL boundaries are 51 kom (32 mi) west of Idaho Falls, 37-km (23-mi) northwest of
Blackfoot, 71 km (44 mi) northwest of Pocatello, and 11 km (7 mi) east of Arco, Idaho, With a population of
approcimately 1100, Arco is the largest boundary community in the arca surrounding the Site.
-H-plrm:imltnh'IZI.SDmephr:ﬁtwiﬂﬂnlndiunfﬂﬂhn[Sﬂm]ufHSM’snpﬂmﬂwwh'uh
is the TRA-ICPP arca. There are no residents within 16 km (10 mi) of that center with Atomic City
{population 25) being the closest boundary commumity.

2.2.2 Land Use (Current and Future)

As with virtually all of the sites in the DOE complex, the INEEL is making major changes in the use of
its land. Until recent years, land use planning was driven by nuclear energy research and defense-related
projects. Presently, however, the shutdown of facilities and environmental restoration of the land play
important roles in land use planning.

The primary use of INEEL lands is to support facility operations and act as be Yer and safety zones
around the facilities. Virtually all of the work at the INEEL is performed within the site's primary facility
arcas [ie., Central Facilities Area (CFA), Test Reactor Area (TRA), ICPP]. These arcas, however, occupy
only about 2% of the total INEEL land area. Other land uses include environmental research, ecological
preservation, and socio-cultural preservation. INEEL land is also used fior grazing, recreation, and connecting

Currently the ICPP has a total land area of 200 acres and 106,070 m* (1,141,711 #°) of facilities. Land
at ICPP is used to store spent nuclear fuels and radicactive wastes for the DOE. Other uses include a coal-
fired generating plant, Tank Farm waste storage facility, and wastewater treatment/disposal facilities, Before
April 1992, spent nuclear fuels were reprocessed at the plant. With the DOE's decision (o cease reprocessing
operations, however, the need to store greater quantities of these foels increased.

As the shutdown of INEEL facilities and the environmental restoration of INEEL land play greater
roles, emvironmental studies are increasingly important elements in land use planning  These studies provide
the environment and the extent of remediation necessary to restore the land.

To facilitate decisions aboul environmental restoration activities at the INEEL, DOE-ID conducted
analyses m 1994 to project reasonable land use scenanios at the INEEL for the next 100 years. These
analyses, conducted with extensive public imvolvement, resulted in the development of specific issues,
assumptions, and constraints that guided the generation of facility and land use scenarios for the next 25, 50,
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75, and 100 years, as published in the Long-Term Land Use Future Scenarios for the ldaho National
Engineering Laboratory (DOE-ID, 1995). Refer to that document for a listing of participating
ndividuals/organizations, comments received, and an explanation of the process for producing future land
use scenarios. The INEEL Site Specific Advisory Board reviewed and provided mput to the creation of the
future use scenanos. EPA and IDHW did not review or comment on the document.

The planning assumptions for the furore use scenarios inclade:

The INEEL will remain under DOE management and coatrol for at least the next 100 years,

Advances in DOE and private-sector research will result in the obsolescence of existing facilities.
It is further assumed that new facilities will need to be constructed in response to the need to
provide state-of-the-art research facilities. Other programs, however, will be discontinned after

New construction may include structures in existing facility areas; other new construction mary
require the development of new facility areas.

As facilities become obsolete, decontamination and decommissioning will likely be required.
Similarly, nated arcas will ; ins

To the extent practical, new development will be encouraged i developed facility areas to take
advantage of exdsting phvsical and service mfrastructures, Such redevelopment will reduce

. 1 dosradati st writh : + rities in o tevel
areas,

The life expectancy of current and new facilities is expected to range between 30 and 50 years.
The decontamination and decommissioning process will commence after closure of a facility,
assuming no new missions for a facility are articulated

Environmental restoration and waste management activities will continue. Cleanup of hazardous,
mixed, and low-level waste sites is expected to be completed within 10 years after completion of a
record of decision for the activities mandated under Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA).

Research and development facilities will be expanded to accommodate “new frontier research™
such as fusion, transportation, space exploration, nuclear propulsion, alternative fuels, and
advanced cleanup technologies,

Research at the INEEL will focus increasingty on advances in nuclear medical research and the
production of isotopes used in medicine, research, and industry. In addition, other specific
research mitiatives (e, allernanve fuels, advanced environmental restoration and waste
management technology, transportation) will gam importance at the INEEL. To support such
efforts, cooperative partnerships betwesn the public and private sectors will be developed to
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achieve mutual goals. This could result in the reuse of INEEL facilities by private sector
mterests, supplemented with technology support by INEEL personnel.

. mmlmmhhmmwmmwmﬁm
manufactring, testing, support) in response 1o the ever-changing military climate throughout the
waorld  Although the INEEL will continue to be used for defense-related research, other nuclear
rescarch will recerve an increasing emphasis in vears to come.

*  Regional development trends will be closely related to activities at the INEEL, For example, new
housing development will be generated by increases in oasite employment because the INEEL is a
major regional employer. Conversely, & major decrease m onsite emplovment will hamper the
regional housing market.

*  Noresidential development (ie., housing) will cccur within INEEL boundaries; however, grazing
will be allowed to continue in the buffer arca.

. No new, major, private developments (residential or nonresidential) are expected in areas adjacent
to the INEEL site. There is uncertainty about the applicability of this assumption to privately
held land Beyond 25 to 50 vears, there is less certainty about this assumption.

*  An 890 mP* site dedicated to nuclear research, development, testing, and evaluation is

ireplacesble. It was therefore assumed that it is extremely unlikely that a similar DOE facility
could be sited at any other location.

Thr. ICPP was one of the facilities that had a futere use scenario projected. The scenarios are broken
down mto the present situation, as well as for the next 25, 50, 75, and 100 years.

Present: Interim storage of SNFs; disposition of fuels; managing waste and improving waste
and water management techniques.
25-Year: Continue use as industrial area; planned new waste treatment facility.

50-Year: Approaching end of useful life if no new mission identified; D& D with all or selected

T5-Year: Standby mode for restricted industrial use; reuse permitted, but no new
development outside existing fence Ime.

100-Year: Contmuation as a resmnicted industrial area.
These planning assumptions and the constraints just described were used to project the most likely

INEEL configuration. Owver time, the planning assumptions and resulting long-term scenarios may need to be
revised due to unforeseen developments.
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2.3 Surface Water Recharge

Surface water recharge to the groundwater beneath the ICPP is provided through natural precipitation,
human made sources (i.e., surface percolation ponds, lawn watering, steam injection wells, lealdng water
pipes), and occasionally during wet years from the Big Lost River. These water sources have resulted in the
formation of several perched water zones beneath the ICPP at depths ranging from 12.2 to0 115 m (40 o
377 ft) (Thomas, 1988; Chipman, 1989).

231 Climatology and Meteorology

The INEEL is located on the Snake River Plain, which is a large flat vallev surrounded by mountains.
Air masses cross this mountain barrier before entering the Snake River Plain  Most of the moisture is lost m
crossing the mountain barrier; thos, the INEEL has hittle annual ramnfall and is classified as sexmand.

The arid climate permits intense solar heating of the ground surface during the day and rapid cooling at
night, especially during the summer months. In general, the INEEL has a large diurnal vanation in
temperature at ground level

Mountain ranges to the north block many of the shallow, mtensely cold, air masses moving out of
Canada in the winter months  The climate in eastern [daho is a more moderate climate than the climate in
arcas at sinilar latitudes east of the continental divide. The mountsins can also serve as a barmer and cold air
masses that do enter the valley are frequently held m place for 8 week or longer.

The surrounding mountains tend to channel the winds in the region.  The prevailing winds on the Snake
River Plain are from the southwest and windspeeds are frequently greater than 8 lan/hr (5 mi/hr). The secor
most frequent winds are from the northeast.

Meteorological data have been collected at over 40 locations on or near the INEEL since 1949, The
weather station at the CFA was the first onsite station and appears on National Climatic Center records as
Idaho Falls 46 W. There are 27 active meteorological stations i operation on or near the INEEL, Most of
the meteorological monitoring within 80 km (50 mi) of the INEEL is conducted by the National Oceanic and
Atmospheric Administration (NOAA) Air Resources Laboratories. A large database has been compiled and
analyzed by NOAA (Clawson et al., 1989).

An overview of climatological data is available from summaries of temperatures, precipitation, snowfall
and snow depth, windspeed and direction, and moisture content of the air. Much of the summary mformation
comes from the monitoring station at CFA, which is located approximately 5 km (3 mi) south of the ICPP.
Differences in climate between the facilities would be small local vanations. )

Temperatures at the INEEL vary widely over the course of the year. Records for CFA indicate that the
highest daily mancirum temperatore occurrmg between 1950 and 1988 was 38°C (101 °F) and the lowest
temperatnure recorded at CFA was -44°C (-47°F). The highest daily average temperature over the course of a
month was 28°C (83°F) and the lowest daily average was -33°C (-28°F). Temperatures also vary greathy
over the course of the day and, on average, span a 17°C (30°F) range. The maccimum {emperaturs range in
1 day at CFA spanned 50°C (90°F).
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Average annual precipitation at the CFA (1950 to 1988 inclusive) is 22.1 cm (8.7 in.). The highest
anmual precipitation was 36.6 am (14.4 in.) and the lowest was 11 4 om (4.5 in). Over the years, the wettest
months have been May and June. However, recorded precipitation amounts of less than 0.3 em (0.1 in ) have
occurred in all months. Individual months have had as much as 11.2 cm (4.4 in.) of precipitation or as little
as no precipitation. The greatest amount of precipitation at the CFA m a 1-hr periad or a 24-br period, is
1.3 em (05 in.) and 4.1 cm (1.6 m. ), respectively, occurred in June. The monthly precipitation totals for CFA
from March 1950 through November, 1995 are provided in Table 2-1.

From 1950 to 1988, the CFA averaged 70.1 em (27.6 in.) of snow per year. The maximum snowfall in
a year was 151.6 em (59.7 in ). Maximum snowfall occurs in December and Janupary, Little snow falls from
May through October. June, July, and August are the only months with no recorded snowfall between 1950
and 1988, The macximum spowfall in a 24-br period was 21.8 em (8.6 in.), which occurred in March. A
snowiall of 21.6 em (8.5 in.) in a 24-hr period is recorded for January. The lowest annual snowfall at the
CFA was 17.3 am (6.8 in.). All months have gone without snowfall in at least | year during the recording
peniod.

January and February have the highest average madmum snow depth at 10.4 cm (4.1 in.). The highest
recorded mancimum snow depth was 51 cm (20 in.) and occurred in March. December, January, and February
also have had snow depths greater than 28 am (11 i),

Average relative humidities at the CFA range from 30 to 70%. Relative humidities typically are higher
durmg the colder months (November through March). The relationship between relative humidity and
temperature makes high relative humidities possible from small amounts of moisture when the temperature is
Relative homidities on summer afternoons are frequently lower than 15% and can be lower than 5%.
Maamum absolute hunmdities reach 100% in all months except July Average minimum absolute humidities
are below 16% in all months and below 10% from April through October.

From 1953 through 1961, the sverage air temperature in January (the coldest month) was -8.6°C
(16.5°F) and the average dewpoint was -13.7°C (7.4°F). During July, the warmest month, the temperatare
averaged 20.6°C (69.0°F) and the dewpoint averaged 0.8°C (33.5°F). The annual average temperature was
5.9°C (42.6"F) and the dewpoint was -6.4°C (20.4°F). Low dewpoints and relative humidities indicate the
emvironment at the INEEL is quite and.

The most frequent winds at the ICPP are southwesterly. Other significant components are westerly and
northeasterty. Most windspeeds are less than 5.0 m/sec (1] mph). The peak wind gust at the CFA [6.1 m
(20 ft) level] was 126 kmvhr (78 mph), which occurred in January. All months have seen wind gusts of
97 kan/br (60 mph) or greater. At 76.2 m (250 ft), ﬂ::pukwmdmucuwlsshnmmmph}md
occurred in March,

Severe weather on the INEEL consists of thunderstorms, tornadoes, and funnel clouds. On the average,
two to three thunderstorms occur dunng cach of the summer months. Small hail may accompany the
thunderstorms but hail damage has not been reported at the INEEL. Occasionally, rain in excess of the
average monthly total precipitation may be recorded at a monitoring station on the INEEL as a result of a
single thunderstorm. Nevertheless, precipitation from thunderstorms on the INEEL is generally light and may
evaporate before reaching the ground.
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Table 2-1. CFA precipitation totals for March 1950 through November 1995 (NOAA database).

Yewr Jam  Feb Mar  Apr  May Jm  Jul  Aug Sep Ot Nov Dec  Tousl
1950 — — 105 0l4 028 098 010 108 028 016 030 055 (492)
1951 076 058 060 030 056 015 0S8 217 000 069 033 072 744
1957 061 104 041 003 080 0S1 038 020 012 000 037 067 563
19531 045 025 040 064 178 080 000 018 001 041 008 025 529
1954 051 087 0S5 046 045 274 016 039 015 007 065 040 740
1955 047 021 020 049 081 103 065 019 021 020 024 206 676
1956 080 031 027 035 163 002 017 002 028 153 028 015 581
1957 1.15 112 (O8: 143 442 0E3 047 011 008 103 039 047 1230
1958 085 087 093 145 079 048 045 020 066 000 043 023 734
1959 052 049 016 0.0 1.B2 145 0Os 152 074 005 000 1.13 .97
1960 066 133 071 045 070 138 007 120 029 023 102 012 816
1961 000 080 012 054 155 054 020 096 352 096 031 054 1004
1962 080 240 0SB 0,23 191 177 4072 003 121 029 001 025 10.30
1963 104 084 074 250 230 284 000 08 139 036 098 052 1440
1964 047 022 081 117 105 223 049 026 000 074 153 343 1240
1965 1.5 015 007 1.54 132 18 007 054 020 003 125 036 BA5
1966 014 063 024 030 084 012 025 011 047 023 029 088 450
1967 139 001 0S4 086 065 258 056 018 003 052 037 063 836
1968 055 020 033 011 149 389 005 327 085 034 094 123 1325
1969 256 093 008 008 007 239 002 000 029 020 102 050 814
1970 062 005 083 126 128 09 051 050 053 035 153 097 939
1971 056 071 070 043 148 105 011 043 208 107 078 1.54 1094
1972 048 009 025 035 066 141 034 078 048 075 076 108 743
1973 089 076 075 041 050 1.04 .70 Q15 109 062 130 LIE  10a9
1974 066 036 144 035 072 045 003 071 001 134 042 119 172
1575 076 034 120 199 098 089 061 014 000 116 050 016 933
1576 045 088 050 1.66 .00 07% 018 O82 09 0351 000 0.05 7T.80
1977 060 0.6 032 000 155 107 045 035 031 000 070 097 638
1578 1.00 105 Q.65 132 074 026 031 017 0% 009 048 044 T.48
1579 092 080 079 0.06 1.41 039 133 090 006 085 060 018 109
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Table 2-1. (continued).

Year Jan Feb Mar Apr  May Jm Jul Aug Sep Oct  Nov Dec Total
1980 051 OB4 024 048 224 126 059 035 152 052 020 073 9.88
1981 061 069 054 1.83 1381 025 017 007 014 093 1.34 067 9.45
1982 053 028 125 042 103 071 051 076 092 05 066 1.88 9.90
1983 020 019 108 042 040 175 131 088 107 167 1.18 081 109
1984 003 058 075 145 071 28 209 043 025 044 143 026 1128
1985 058 050 076 006 091 040 229 002 167 028 107 063 957
1986 031 236 122 125 146 074 048 111 150 067 017 002 1129
1987 065 038 018 040 1% 076 216 021 000 011 072 042 7.95
1988 050 000 008 128 056 013 004 004 023 001 174 080 541
1589 031 038 062 031 075 121 032 041 1585 029 045 0.04 6.95
1990 105 015 019 097 128 086 059 068 005 025 0.18 023 6.48
1991 005 000 118 051 203 115 053 078 108 051 073 0.00 8.55
1992 001 045 028 006 031 153 025 007 058 033 047 116 5.50
1993 1.15 144 057 120 199 273 008 073 012 09 048 021 1162
1954 017 072 000 100 0380 000 006 033 111 044 069 085 6.17
1995 1.03 028 203 072 234 464 059 005 052 007 022 — (1249)
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Since 1949, three small tornadoes, which caused no damage, have ocourred within the boundaries of the
INEEL. Additonally, 10 confirmed and three unconfirmed funnel clouds have been observed since 1954
(NOAA and Morrison Knudsen, 1983). NOAA records indicate a total of five finnel clouds and no
tomadoes on the INEEL since 1950 (Clawson et al, 1985). Discrepancies in these records may be related to
duffierent methods of reporting and confirming tomadoes. No INEEL facilities have ever been damaged by a
tornado,

Dust devils are also common in the region and can entrain dust and pebbles and transport them over
short distances. Dust devils usually occur on warm sunmy days with little or no wind, The dust cloud may be
several hundred meters (vards) in diamster and extend several hundred meters (feet) in the air.

Vertical temperature and humidity profiles in the atmosphere determine atmospheric stability. Stable
ammospheres are characterized by low levels of hrbulence and less vertical moang, Stability parameters at
the INEEL range from stable to unstable. Stable conditions occur mosthy at night during strong radiational
cooling. Unstable conditions can occur during the day when there is strong solar heating of the surface layer
or whenever a synoptic scale disturbance passes over the region,

4.3.1.1 Air Quality Monftoring. Aur quality monitoring at the INEEL consists of two networks of
stabons designed 1o monitor atmosphenc ransport of radienuelides on particulate matter and ambient
concentrations of total suspended particulates. Although the air quality monitoring networks are designed to
momtor emissions from the entire INEEL, select low-volume particulate samplers in the vicinity of the ICPP
provide detailed data on ambient concentrations of radionuclides and particulates,

Historically, one network has been operated by the contractor and the other network has been operated
independently by the DOE. The contractor network consists of low-volume air sampiers that “perate at
(.14 m*/min (5 fi'/min). Particulate matter is collected on 2 membrane filter. The air filters are collected and
analyzed every 2 weeks for gross alpha and gross beta activity. Filters are also analyzed monthly for selected
gamma-emutting radionuchides. Gross beta analyses of the air filters are evaluated to determine if any
mereases m the sample radwoactivity may require more immediate and/'or more in-depth analysis by gamma
spectrometry or radiochemistry

The DOE network consists of 23 monitoring stations on and around the INEEL. Each low-volume air
sampler contams two filters: 2 membrane prefilter and charcoal-impregnated paper filter. Filters are collected
and analyzed weekly. Gross beta activity for each filter is determined weekly as a screening technique to give
tmely information in the event of site releases. [f unusually high gross beta activity is detected on the filters,
gamma spectrometry is conducted to obtain more detailed mformation. Composites of the membrane
prefilters for each location are analyzed for specific radiconclides on a quarterty basis.

23.2 Humanmade Surface Water Features

Human made surface water features in the vicmity of the ICPP consist of two percolation ponds used
fior disposal of water in the service waste system (formerly imjected into the aquifer via the ICPP imjection
well) and sewage oreatment lagoons for treated water. In addition, several landscaped areas at the ICPP have
hastorically been watered during the summer months and a network of ditches are used to channel nmod¥ from
the plant after precipitation events. Historically, precipitation nunoff has been channeled to an old gravel pit
(Site CPP-37-1) and both this pit and the unlined ditches may contribute recharge to the perched water bodses
at the ICPP. Perched water bodies are known to exist beneath the percolation ponds and the sewage
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treatment ponds. In addition, perched water bodies are known to exist beneath the [CPP plant facilities,
including the high-level liquid waste (HLLW) Tank Farm and the CPP-603 facility.

The presence of the perched water bodies with no identifiable surface water source, and discrepancies
between the reported volume of water pumped from the SRPA and the volume of water disposed at the ICPP,
suggest water is being lost from the plant water distribution system and/or the liquid waste collection system.
Leaks in mumicipal water systems are not unusual; however, concerns that this water source coald leach and
transport contaminants that have been released over the years at the ICPP led to 8 Water Inventory Study
(Richards, 1994).

2.3.2.1 ICPP Water Inventory Study. The Water Inventory Study (Richards, 1994) was undertaken to
determine if water was leaking from plant water supply systems and wastewater systems in sufficient
quantities to account fior seepage into the Tank Farm vaults and support the perched water beneath the plant
{which have no readily apparent source, such as the surface infiltration ponds). The study involved a number
of tasks and was designed 1o:

*  Evaluate water budget measurements and calculations for plant water systems

*  Upgrade plant water metering as necessary to quantify the plant water budget

*  Leak-test the plant water supply and wastcwater systems in the northern portion of the ICPP
*  Estimate natural recharge

*  Identify sources of water seeping into th - Tank Farm vaults.

The ICPP uses approximately 7.9M L (2.1M gal) of water per day. Water is supplied by two raw water
wells and one potable water well  The water is used for process cooling, equipment cooling, steam
regeneration of ion exchange units, fire protection, and human uses. Piping systems external to facility
buildings are either buned or enclosed n utility tunnels. The ICPP water systems that were considersd
relevant to the water inventory study included the raw water, fire water, treated (softened) water,
demineralized water, steam condensate, landscape watering, potable water, service waste (industrial
wastewater), and sanitary waste systems. Criteria of low volume, secondary containment, distinct
radiological or chemical signature, and close monitoring or visibility were used to eliminate the steam
distribution system, HLLW process lines, and pipes used to distribute cooling water to the HLLW storage
tanks in the Tank Farm from leak testing during the Water Inventory Study.

The primary water systems at the I[CPP include the raw water system, fire water system, water softeners
(treated water system), and demineralizer (demineralized water system). The raw water system piping has an
approximate length of 1,905 m (6,250 ft) and an average flow of 1,473 L/min (389 gal/min). Raw water is
pumped from the aquifer from two production wells to the fire water storage tanks. The raw water feed tanks
supply water to three distribution pumps. The fire water piping svstem has a length of 8.0 km (5 mi), with an
average flow of 170 L/min (45 gal/min). This flow in the system is water used for watering lawns, safety
showers, cooling of waste tanks and sump pump bearings, and flushing radiation monitor bowls. The treated
(softened) water system has a length of 1,219 m (4,000 ft) and an average flow of 3,407 L/min
(900 gal'min). Treated water is used for chemical process makeup and in heat exchangers. The
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demineralized water system has a length of 1,280 m (4,200 ft) and an average flow of 5.7 L/min
(1.5 gal/min). Demineralized water is used for process cooling, steam, and in fuel storage basins.

The steam condensate piping system has a length of 1,280 m (4,200 ft) and an average flow of
280 L/min (74 gal/min) between September and April Primary steam use occurs between the months of
September and March due to seasonal demands such as heating and freeze protection. Most of the steam is
condensed and recycled or routed to the service waste system.  Approximately 10% of the steam is either
released to the atmosphere or discharged to the ground

The potable water system has a length of 3.2 km (2 mi) with an average flow of 231 L/min (6] galimin)
(Figure 2-1). Potable water is supplied from two wells completed in the SRPA. Water is pumped to a
storage tank, and three distribution pumps in building CPP-606 are used to supply potable water to ICPP
faciliies. The potable water system inchudes a chlornation system.

The service waste piping system has a length of 3.9 km (2.4 mi) and an sverage flow of 4,997 Limin
{1,320 gal/min) (Figure 2-2). Raw water, treated water, demineralized water, and steam condensate are
discharged to the service waste system. Waste streams that might be contaminated with radicactive materials
mm@mﬂhﬁ:ﬁﬂuwmﬂ:mmmmﬂﬂmmhdﬁmmnmgmﬁ:
processing m the process equipment waste (PEW) Evaporator if contamination is detected. Water in the
service waste system is discharged to two percolation ponds located on the south end of the facility.

The sanitary sewer piping system is 2.4 km (1.5 mu) long and has an average flow rate of 110 L/min
(29 gal/min) (Figure 2-3). Potable water and sanitary waste from [CPP facilities are discharged to the
samitary sewer system and gravity drained to lift stations, where the waste is pumped to the ICPP Sewage
Treatment Plant ‘STP). The waste is transferred to a series of treatment lagoons located at the northeast
corner of the ICPP.

The seven landscape watering systems are all located in the northern ICPP and historically covered a
total area of 1.5 acres (Figure 2-4). Approximately 75,710 Liday (20,000 gal/day) from the raw water, fire
water, and potable water systems has been used 10 maintain lawns and landscaping at the ICPP during the
summer months. A total volume of 8.90M L (2.35M gal) was used to water ICPP lawns cach year.
Consumptive use was calculated to require 2,967,760 L {784,000 gal) per growing season.  Subtracting the
consumption and evapotranspiration from the supplied water vields a net volume of 5. 94M L (1.57M gal)
available for infiltration and recharge of the perched water bodies.

2.3.2.1.1 Leak Testing—Leak testing was performed as part of the Water Inventory Study and
indicated the fire water and potable water systems were leaking  The fire water system was found to have a
year-round leak of 15,1 Lémmn (4 gal‘min) and an additional leak of 45.4 L/min (12 gal/min) in a branch
connection that is only used periodically. The potential loss from the fire water system was determined to be
14.8M LT (3.9M galyr). The potable water system was found to have a small leak of 0.57 L/min
(0.15 gal/min), which would provide 299,050 Liyr (79,000 galiyr) of potential recharge.  These leaks have
been repaired, but have historically provided nearfy 15.1M LAr (4M galivr) of potential recharge to the
perched water bodies below the ICPP facilities and Tank Farm.

2.3.2.1.2 Tank Farm Vaufts—Another purpose of the water inventory study (Richards, 1994) was
wdentification of the source of water infiltrating into the Tank Farm vaults. Secpage into the vaults 1s a
concern because the water could be leaching contaminants released to the soil in the vicinity of the Tank Farm
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and transporting these contaminants to the aquifer. The rate of seepage into the vaults is approximately
109,780 LAy (29,000 galyr). Sources of this water were evaluated based on the pattern (constant,
precipitation related, seasonal, or random) of seepage, chemistry of the water, location of the sources, and
volume of water available for seepage from a particular source. The two most important sources of water for
secpage were determined to be mfiltration of precipitation and watering the lawn to the west of building
CPP-699.

Infiltration of precipitation is a source of seepage for every vault except 781, which showed no secpage
during the study peniod. The volume of water falling on the Tank Farm as precipitation is more than
sufficient to provide the necessary volume of water, and the most likely pathway for the water to enter the
vaults is seepage through the existing membrane at perforations made for pipes, nsers, and valve boxes.
Approximately 4 1% of the water seeping into the vaults comes from this source. The second most important
source of seepage for the Tank Farm is watering the lawn. The volume of water from this source is slightly
greater than that from precipitation, providing 47% of the seepage. However, this water only affects
Vault 713. The pathway for movement of this water was not clearly identified by Richards (1994) becanse
9.1t 12.2 m (30 to 40 ft) of lateral movement with only 0.9 10 1.2 m (3 o 4 ft) of vertical movement would
be required  Movement of this landscape irrigation water along pipe encasements and drain lines is possible.
The remaining 12% of seepage, or 13 476 LAyt (3,560 galfyr), is from miscellaneous sources, such as leaky
steamn valves or leaks from valve seals in waste transfer lines. These small sources are not major
contnbutors, but do contribute to seepage penodically.

2.3.2.2 ICPFP Steam Condensate System. Subsequent to the Water Inventory Study, a perched
groundwater investigation was undertaken in fiscal year (F17)-94. This stody was intended to provide
temperature, dissolved contaminant concentrations, depth, and sanerated thickness. Temperature
measurements in the perched groundwater ranged from 22.2°C (72.1°F) in Well MW-5 to 10.3°C (51.5°F)
in Well MW-4, The elevated temperatures i the perched groundwater suggest that hot water sources may be
contributing to the perched water system in some arcas at the ICPP. Steam condensate drains located
throughout the facility (Figure 2-5) are ane of the major sources of hot water at the ICPP.

The ICPP steam system consists of two boiler plants (CPP-606 and -687), which supply steam to
various bulldings and installations throughout the ICPP. Steam condensate traps are located at low portions
of the steam lines and these traps allow condensate water to exit the system  The volume of condensate at
each trap depends on the length of the steam line the vent services and the heat loss in the steam line. A large
portion of this steam distribution system 15 located in a utility tunnel housing a 30.5-cm (12-in.) steam line
connecting CPP-606 to the coal powered generating plant (CPP-687). A total of 48 steam vent condensate
drams are located in the utility tmnel. Condensate water drams to the subsurface. (rencrally, the steam s
used in steam heater units, which are used w heat a majority of the buildings onsite. Steam usage is greatest
during the heating season beginning in September and ending in April when an average flow rate of
280 L/min (74 gal/min) occurs in the system.  Volumes of condensate water generated in the system depend
on the heat load of the system, and estimates of the volume of condensate onginating at steam heater omits
were based on 150 days at an ambient temperature of -7°C (20°F). The main steam line in the wtility tunnel
is active all year and condensate calculations for the steam condensate traps along this line were adjusted to
reflect 365 davs/yr of operation.

The volume of condensate from the steam heater units and the steam traps were estimated (Table 2-2).
The largest contributors of waste steam condensate water to the ground are the steam heater units located
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Table 2-2. EEEEEE!E!E:ﬁniu:psﬁmnnﬁhcﬂ!??:und:n:ﬂu:hihu.

P e

STEAM VENT HORTHING EASTING VOLUME OF WAIER YEARLY VOLUME
DENTIFICATION _ COORDINATE COORDINATE N GALLONS FER DAY IN GALL ONS
g1 §93401 196474 5 800
5.3 s509E 197063 2160 324000
55 T 296359 o 0
5-19 B4 296329 1344 201600
517 $99682 296180 0 o
540 53087 294157 Pt 4200
542 3037 294557 f 90
S5 TLEN 297553 8 1200
547 95568 207487 8 1200
549 95308 297482 g 1200
5-51 BRS200 297500 B 1200
5.3 95209 256416 15 2250
576 4TI 296419 ] 43200
.78 L 2961 144 11500
5130 a9955] 296416 43 4800
20 S48z 96211 ps ] 4200
2 S995188 96761 44 21600
24 &93170 96417 1008 151200
26 895411 196330 bl 4200
7 695302 96353 4 21800
23 &95ETT 196728 23 #4200
0 E54389 196341 432 4300
A-3 NORTH 95419 29671 o 0
AL SOUTH 95188 296722 o
UT-01 5TsT 196565 is 1T
Utz 25733 296704 pi 395
UT-03 85T 296704 g 2920
UT-04 695690 296704 10 3430
UTOS 899674 294704 24 5450
UT08 4995781 294704 43 13899
UTOo7 95474 2196704 4 13895
UT08 1372 296704 a2 15330
UT-08 s§¥5ITT S 20670 15 B12g
UT-10 95159 96T 43 L3695
UT-L1 95170 296704 42 15330
UT-12 E99066 96704 45 L6790
TU-L3 [ T 20670 42 L5330
UT-14 E34095 296483 47 15330
UT-15 £34895 196584 43 18658
UT-16 54851 296484 &7 17145
UT-17 54804 196448 i 16750
UT-i8 £54708 296441 4 15555
UT-19 E54604 296448 i 15060
UT-20 54506 296448 45 16425
UT-21 §54406 5 296448 45 16425
UT-22 o307 i R 43 . 15595
uT3 694207 206448 43 19655
UT-24 94107 196448 a4 16060
UT.28 94021 196466 0 10950
JT-26 93728 97492 a2 18980
uT-I7 693729 97352 43 15695
UT-28 £93729 97282 43 19654
UT-% 3729 97152 43 19655
UT-20 893781 197061 43 15685
UT-31 93854 196991 43 15695
uT-12 3924 196971 9 14135
UT-33 53941 296365 9 14735
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Table 2-2. (continued).

STEAM VENT NORTHING EASIING VOLUME OF WATER  YEARLY VOLUNE
D CATION  COORDINATE COORDINATE IN o DAY ™ ONS

UT-3¢ 54029 296782 =5 21535
UT-35 654029 105408 =5 21535
UT-36 §54025 96508 43 15605
UT.37 §54025 106438 30 1090
UT-38 9919 196813 51 18618
UT.39 695279 257004 a1 18615
UT-40 595208 270171 18 2110
UT-41 951815 2970173 16 1340
UT-32 5% 148 297017.4 b 12045
UT-43 5540475 2970173 -4 16060
UT4 654573 297082 31 11315
UT-s5 £54538 297118 = 11680
UT-46 £54863 29712 =3 19345
LUT-47 24353 29Ti=l Bl . oL
UT-8 £54863 297504 104 IT9ED

TOTALS: BTN | §Td5LS
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some of the buildings around the site. These units produce 2 3.%-L/min (1-gal/min) flow of condensate water
for every 600,000 British thermal wnits (BTUs) of heat energy generated  The amount of condensate water
generated at each steam condensate trap along the line in the utility tunnel is relatively low compared to the
volumes gensrated by the steam heater units, but the number of these traps and drains make this a significant
source of steam condensate that is discharged 1o the subsurface. The total annual volume of steam
condensale discharged to the ground was estimated to be 6 32M L (1.67M gal). Of this volume,
spproximatety 4.92M L (1.3M gal) are discharged in an area where the condensate could contribute to the
narthern perched water body.

2.3.2.3 CPP-603 Basins. CPP-603 consists of three reinforced concrete fisel storage basins connected by
a transfer channel. The walls of the basins are 0.6-m (2-ft) thick and the floor is 1.5-m (5-ft) thick. The
pools are 6. 1-m (20-ft) deep and the water inventory is mamtained at approcuimatety 5.7M L (1.5M gal). The
basin water treatment system consists of sand filters, a selective cation exchange system, and an ultraviolet
stenlizer. Demineralized makeup water is provided from a reverse osmosis unit. The basin water contains a
vanety of soluble radionuclides and stable constitaents. The radionuclides are removed by the basin water
treatment system and the primary nonradicactive soluble icons that have accumulated in the basin water are
sodium, calcium, chloride, and nitrate. Inspection of the accessible walls and floor of the basin do not
mdicate any cracking or other physical damage. The basin is unlined and several studies have been
undertaken to estimate the quantity of water that may be leaking from the basin  These studies have
estimated losses due to evaporation and have evaluated the basin water inventory.

Vanous methods of estimating water loss from the basin were evalusted  Measurement of the dilution
of dissolved solids was used to estimate the basin water inventory because the method is direct and
reasonably reliable. This method involves measurement of the dilution of a dissolved solid in the basin water
as water is added to the basin to maintain the water level. The dissolved solid selc=ted for measurement must
not be removed by the basin ion exchanges system, the filter, or by contact with the basin walls and piping.
Chloride was selected as the best candidate dissolved solid for monitoring Cation concentrations can be
affected by the basin ion exchange system and are not useful for determining the basin leak rate. Nitrate is
also not useful because the ion is a known nutrient for basin microorganisms. Chloride is not a nutrient and is
not affected by the basin water treatment systems. However, small amounts of chloride may be lost from
corrosion of aluminum. The siudges on the basin floor are also known to contain undissolved chloride, but
chloride in the sludges is likely to be in equilibrium with the water,

Dilution of chloride has been used in two basin water inventory studies. The first study was conducted
from July 28, 1986, through August 3, 1987. In this study, the chloride concentration in the makeup water
was assumed to be 10 parts per million (ppm) based on messurements of the concentration in ICPP well
water, A loss rate of 379 Liday (100 galiday) in excess of measured losses was estimated. The estimate was
determined to have an error of approximately 100%. The second study calculated basin water mventory
based on dilution of chloride during the period from May 3, 1993 to October 3, 1993 In this inventory, the
total loss rate from the basin was determined to be 874 L/day (23] gal/day). Measured losses were
determuned to be 363 Liday (96 gal/day), leaving a discrepancy of 511 L/ day (135 gal'day) (estimated error
has not been calculated). The evaporation rate from the pond was estimated to be 1,173 Liday (310 gal/day),
which is consistent with a previous laboratory study estimate of 1,211 Liday (320 gal/day). The 511 Liday
{135 gal/day) loss rate can be attributed to permeation through microcracks along the basin surface. Based
on the two studies the best estimate for the loss rate is between 500700 Liday, This loss rate is very small
for a simple concrete structure as large as CPP-603 and is an indication the basin surfaces are in excellent

i
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2.3.2.4 Sewage Treatment and Percolation Ponds. The ICPP STP treats sanitary sewage from 3]
permanent facilities at the ICPP, primarily consisting of wastewater from restrooms and cafeterias. All
sanitary waste from the 3] permanent facilities is collected by gravity-flow lines and piped via lift stations to
the STP for trearment. In addition, sanitary waste from nine ICPP buildings is collected and treated
separately from the mair STP.

The STP facility is located to the northeast of the enclosed ICPP plant area. It consists of two aerated
weir boxes. The aerated lagoons are arranged in series and drain into facultative lagoons, which then
Maximum plant capacity is 454,200 Li/day (120,000 gal/day), with an average flow of 159,000 L/day

(42,000 galiday). From 1984 to present, the monthiy discharge to the sewage treatment ponds is provided in
Table 2-3.

The service waste system collects, monitors, and samples nonradicactive, nonhazardous wastewater
used m various plant activities and transfers it to one of the two percolation ponds located south of the ICPP
for disposal. Percolation Ponds 1 and 2 are located outside the ICPP southern security fence, southeast of
CPP-603. The percolation ponds are unlined ponds that were excavated from the surficial alluvium in 1982
and 1985, Percolation Pond 1 began receiving flow in 1984, but an inadequate percolation rate made it
necessary to build Pond 2. The two ponds have been used alternately since then, receiving approximately
[5.7 to 9.5M Liday (1.5 to 2.5M gal/day)] of service wastewater. From 1984 1o present, the monthly
discharge to the percolation ponds is provided in Table 2-4.

23.3  Big Lost River

The Big Lost River flows southeast from the Mackay Dam, through the Big Lost River Basin, past
Arco, Idaho, and onto the Snake River Plain. The river flows onto the INEEL near the southwest boundary,
curves 10 the northeast, and flows northward to its termination in the Big Lost River playas (Figure 1-1).

The Big Lost River basin includes parts of Custer and Butte Counties in south-central Idaho
(Benmett, 1990). The drainage area of the river upstream of the INEEL is approximately 3,626 km®
(1,400 mi*). Of the 2,305 km® (890 mi”) within the boundaries of the INEEL, caly 181 to 207 km® (70 to
80 mi”) contribute surface runoff of any significance to the Big Lost River. Noncontributing areas of the Big
Last River basin within the INEEL consist of small topographically closed basins 2.6 to 26 km® (1 to 10 mi®)
o area. Land surface altitudes of the drainage area range from 1,457 m (4,780 ft) above sea level at the
terminal playas to 3,858 m (12,656 f) at Borah Peak in the Lost River Range, The channel of the Big Lost
R.i'rl:rishdmdab:unIE-Em{EDﬂ}mE:hﬂhﬁ'themmﬂPlﬂldlp-uiml.il.n.?rjhll‘:ltn
2 mi) downstream from the gauging station near Arco. After reaching the western boundary of the INEEL,
the river emerges from the narrow, 61- to 91-m (200- to 300-ft) wide, canyon into a broad plain where it is
incised less than 6.1 m (20 ft). The niver is incised less than 3 m (10 ft) near Highway 20 and downstream
from the highway, the river enters a broad floodplain that ranges in width from 1.6 to 6.4 km (1 to 4 mi).
This floodplain is characterized by remnants of old meander channels. Ultimately, the main channel branches
into many small channels and flow spreads across several ponding areas, or playas, known as the Big Lost
Fiver Sinks. Playas 1 and 2 have an elevation of 1,459 m (4,788 ft) and surface arcas of about 350 and
110 acres, respectivelv. Playas 3 and 4 are at an altitude of 1,457 m (4,780 ft) and have surface areas of
1,000 and 1,350 acres, respectively.
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Table 2-3. Monthly discharge of the sewage treatment ponds (RWMIS database).

Jan. Feb. March  Apr. May  Jume  July Aug. Sep. Oct. Nov. Dec.  Tolal
1984 0.7 0.6 0.5 0.6 0.7 05 0.6 0.6 0.6 0.5 0.6 0.6 71
1985 0.6 0.6 07 0.6 0.6 0.6 0.6 0.5 0.6 0.6 0.6 0.1 6.5
1986 0.8 0.8 r9 09 0# 0.7 09 0.8 0.8 0.7 0g 0.8 9.6
1987 0.8 0.8 0.8 0.8 08 0.7 0.7 0.7 0.6 0.7 08 0.8 9.0
1988 0.9 0.8 08 ng 08 0.7 0y 0.7 0.8 0.7 0.7 0.8 9.2
1989 0.8 0.9 09 08 08 0.8 0oy 0.7 0.7 0.5 08 0.9 9.7
1590 08 1.o 0.9 08 &Y 09 1o 1.1 1.1 0.9 0ng 0.9 13
1991 1.2 1.1 0& 09 na 0g 0.9 0.7 08 0.7 04 1.2 10.8
1992 0.9 1.5 1.6 1.5 1.5 1.3 1.3 1.6 1.7 2.0 11 1.7 18.7
1993 1.1 1.2 I.1 1.2 1.1 1.2 1.4 0.6 0.8 1.2 1.2 1.1 13.1
1994 EN | 14 ND 1.9 4.4 59 12 20 1.4 1.0 1.6 2.0 (27.92)
1995 15 13 2.3 212 31 13 0.1 18 13 ND ND ND  (15.75)

[ ) - indicaies incomplele record.
Discharge in millions of gallons.
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Table 2-4. Monthly discharge to percolation ponds (RWMIS database).

Jan, Feb. March  Apr. May June July Aug. Sepl. Oel. Mav, Dee. Total
1984 HD HD 42.1 454 3.5 51.1 45.0 47.2 41.2 413 16 89 (4449)
1985 299 367 6.4 0.6 IS 119 393 434 0.0 3g.3 174 76 45323
1986 j4.1 407 408 il 45.0 473 iz NG 417 497 493 451 37356
1987 e 507 479 S04 518 52.1 54 508 449 3 49.7 4.6 471 309.90
1988 533 494 47.1 514 474 0.3 482 483 4215 449 41.2 41.5 56350
1985 362 40.2 9.0 169 FLIR | 359 1o 132 179 6.7 176 114 42980
1990 46.7 451 87 515 9.9 624 573 557 61.5 509 474 443 81240
1991 456 44 4 380 444 45.6 44.0 493 48.1 1.7 416 492 163 35643
1992 558 87 516 57.5 48.1 41.6 475 542 578 6 Sne 36 64250
1993 58.2 37 619 60.2 56.1 59.2 bEN| 539 509 48.6 498 M8 66480
1994 35.5 408 549 49.6 48.7 40.0 5.2 378 40.2 373 40.1 191 1920
1995 19.5 40.8 k.0 8.0 46.1 59 356 453 18 ND ND ND  (34298)

() - indicales incomplele records.

Dimh:r;_c in millions of gallons.




Storage and diversion systems on the Big Lost River include the Macksy Dam, several irrigation
diversions, and the INEEL flood diversion dam. The Mackay Dam is 2 435.9-m (1,430-ft) long, 24.1-m
(79-t) high earthfill dam built for the Big Lost River Irmigation District. The dam was completed in 1918
and 15 located & 4-km (4-mi) northwest of the town Mackay. The dam has a storage capacity of 5.49
x 10" m’ (4.45 = 10° acre-ft) of water. The dam is used to impound water for irrigation in the Big Lost River
Irrigation Dnstnct. Water from the Big Lost River is used to irrigate about 57,500 acres of land downstream
from the Mackay Reservoir and another 10,200 acres of land are subirrigated upstream from the reservoir
(Harenberg et al., 1987).

The INEEL flood diversion system, located approscimately 10.5-km (6.5-mi) downstream from the
western INEEL boundary, was built in 1958 to divert high flows on the Big Lost River away from INEEL
facilibes. During the winter months, most of the flow in the river is diverted to avoid accumulation of ice in
the channel, thus reducing the possibility of flooding st downstream INEEL facilities. The system consists of
a small carthen 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. The capacity of the spreading
arcas is about 7.2 = 10" m’ (5.8 = 10" acre-ft) at an elevation of 1,539 m (5,050 ft) mean sea level. An
overflow weir in Spreading Area D allows water to drain southwest off the INEEL. Rumoff from the Big Lost
River has never been sufficient to exceed the capacity of the areas and everflow the weir.

Carrigan (1972) modeled the capacity of the INEEL flood diversion system as it existed in 1972 and
concluded the system was inadequate for long period floods. The diversion system was upgraded in 1984 in
response o a flood nsk that occurred i late 1983 and early 1984 (McKinney, 1985). The present diversion
system has a total diversion channel capacity of up to 263.3 m¥/s (9,300 f'/s). The existing diversion
channel can carry 203.9 m"/s (7,200 ft'/s). The ICPP area has not been flooded since construction of the
diversion system.

Gauging stations are located upstream and downstream of the Macksy Reservoir to monitor discharge.
Additronal stream gauging stations are maintained on the Big Lost River by the U 5. Geologic Survey
(USGS), including a station where the river is crossed by Lincoln Boulevard on the INEEL. Flow in the river
15 highly variable with peak flows occurring mn June and July due to snowmelt (Table 2-5). Generally, there is
no flow in the river during the winter months.

The Big Lost River flow is perennial upstream from a point a few miles southeast of Arco.
Dovwnstream, the flow is lost by infiltration through the river bottom, and the point where flow ceases
depends on discharge and the infiltration conditions of the charmel, Infilration rates arc greatest when the
channe| is instially wetted and the hydraulic bead is at a maximum. Flow in the river may not reach the
western boundary of the INEEL or may continuc as far north as Playa 4. Losses in streamflow also result
from evaporation and ranspiration.  These losses are small by comparison 1o losses dide to mfiltration. The
intermattent flow of the river does not encourage growth of vegetation along the periphery, which minimizes
transpiration. Annual net evaporation from large water surfaces in the ESRP is 84 cméyr (33 inAvr)
(Stearns et al, 1938), Using this evaporation rate, Harenberg et al. (1987) calculated the maximum possible
evaporation for the 71-km (44-mi) stretch from Arco to the playas would be less than 900 acre-fiyr, The
river is also generally dry during peniods of peak evaporation so actual losses are lower. During the period
from 1965 1o 1987, losses due to evapotranspiration and infiltration in the 18-km (1 1-mi) stretch between the
INEEL diversion dam and Lincoln Boulevard averaged 9,820 acre-ftAr. During this period there was no flow
28% of the ime at the diversion dam and 49% of the time at Lincoln Boulevard. Since 1987, the Big Lost
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Table 2-5. Monihly discharge of the Big Lost River al Lincoln Boulevard near the ICPP (acre-feet),

Year Jan Feb bAar Apr by Jun Jul Aug Sep Ol How Dec Annual
| 955 0 0 1,380 10300 15400 29600 31,100 16,900 10,900 0 0 0 116,580
1966 0 0 i} 1,660 Rl 0 0 0 (i 0 0 0 4,541
1967 0 0 (i} i 2,030 20,180 18376 4,400 9,050 B, 740 0 0 62,776
1968 0 0 2,280 31390 16 524 0 1,053 1,130 1290 4,500 0 16,183
1969 0 0 [i] 1,960 33,000 33,500 21,800 4,780 0,840 6,710 3,290 0 116,880
1970 0 ]} 01 1,650 793 13, B0H 17,700 1.510 6,080 5,280 4 750 B 52072
1971 0 ] (1] 0600 12300 17,200 20,800 7,760 13400 14400 3,000 0 109,560
1972 L] 0 1,540 4, 920 S04 1,700 Al 4 PR 3,520 3,099 0 19,128
1973 0 0 L] 1,830 405 0 0 0 0 0 0 0 3.235
1974 0 0 3.240 £.520 6,940 16,200 9,390 1.170 1,160 1,760 4,200 0 51,580
1975 0 0 0 1180 12,000 12,100 18,700 1,560 5,520 8210 7.990 0 72,260
1976 0 ] 113 1,450 I,660 1,120 0 0 300 620 1,100 16 6,659
1977 0 0 0 0 o ] 0 0 0 0 0 0 [i]
1978 0 0 0 i o o 0 0 0 (i} i i} 0
1979 0 0 0 0 0 0 0 0 0 0 [i] 0 0
1980 0 0 0 (1] 0 0 1,140 0 0 (i o 0 1,140
1981 Q 0 0 1,300 5,002 1,560 i) 0 0 LI o L1 13,952
1982 0 0 0 5930 17200 13400 15100 @ 4,820 8,190 10500 5740 600 81,480
1983 GO0 GO0 G900 12,800 15800 18,5900 18,200 9,780 1,310 6,200 5,660 1,200 97,960
1984 1,200 | 200 1,200 2,200 230 4,550 3,950 5,790 5,140 5,980 8710 2,120 44,160
1985 3 0 0 7170 6,430 0 0 0 2,950 10,707 1.275 0 35,535
1986 i o 517 B3T0 14825 20315 2,500 1016 14,753 B.120 1.1%0 2 71,124
1987 0 0 531 491 o o i 0 [i] 0 0 0 1,022
19R8* 0 1] LI i o L] 0 0 0 0 0 Q 0
1989 i 0 (i] i [i] 0 0 L] [i] 0 0 0 o
1990 0 0 0 i 1] i} 0 0 o 0 0 0 i
1991 i 0 0 0 [i] ] i (i} 0 0 ] 0 0
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Table 2-5. (continued).

Year Jan Feb Mar Apr_ bny Jun Jul Aug Oct Nov Dec Annual

1992 o 0 0 0 0 0 0 0 0 0 0 o 0
1993 0 0 0 0 o 5,116 0 o 0 o 0 0 5116
1994 f 0 0 o 0 o 0 0 0 0 0 0 0
1995 0 11 0 0 o 16010 22310 955 o HA NA HA —

i mhdvahlﬂﬁthﬂ fmwim,mmlﬂ-ﬂ
Engineering Laboralory, laho. LISOS m-ﬁmhﬂmmMT.

b. Monthly discharge data for 1988 lo 1994 from the USGS.

HA—Nol available.

l:muﬂw-hlhvdc‘r-unﬁhl;lh Big Lost River 1 the 1dsha Hational
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River has been dry om the INEEL with the exception of brief periods in 1993, 1995, and 1996. Flows have
reached Playa 1 m 24 of the 77 years since the construction of the Mackay Reservoir in 1917,

The ICPP is located on the alluvial plan approcimately 61.0 m (200 fi) from the Big Lost River
channe] near the point where the channel intersects with Lincoin Boulevard on the INEEL. The elevation of
the Big Lost River channel immediately northwest of the ICPP is 1 495 m (4,908 fi), and the elevation of the
river bank or berm is 1,497.1 m (4,912 fi). The average elevation of the ICPP is 1,.498.7 m (4,917 f).

The INEEL diversion system diverts water from the Big Lost River during periods of high flow. The
floods (Bennett, 1986), and the river channel near [CPP can accommodate this flow.  The maximum
diversion capacity of the INEEL diversion system is up to 9,300 cubic feet per second, well above the 100-
vear flood stage (Bennett, 1986). The Big Lost River poses no flood threat to the ICPP as it flows northeast
to i3 termumation in the playas.

2.3.3.1 Aquifer Recharge from the Big Lost River. In 1945, flow in the SEPA at the INEEL was to
the southwest and the gradient was abouat 0.8 m/lom (4 fi'mi) (Bartholomay et al., 1997). The direction of
flow is locally affected by recharge and discharge. Recharge at the INEEL is primarily the result of
underflow from the northeastern part of the plam and the Big Lost River. During periods of high flow, local
groundwater levels and the direction of groundwater flow can be temporarily aliered by recharge from the
river. In periods of low flow in the Big Lost River, local gradients reflect regional flow directions.

The altitude of water levels and configuration of the water table in the SRPA vary i response to
changes in the volume and source of recharge. Water levels peaked in the carfy 1970s during a prolonged
period of above average precipitation and high flows in the Big Lost River beginning in ' 965. Water levels
subsequently declined during a penod of average or below average precipitation and stream flow beginning in
1976 and continuing through the carty 1980s. No flows were recorded at Lincoln Boulevard on the INEEL
during the period from 1977 through 1979 and small flows were recorded in | month of 1980 and 3 months
of 1981, Measured water levels m USGS monitonng wells rose during the period from 1981 through 1985,
corresponding with a period of flow in the Big Lost River Channel

During the period from 1972 to 1978, water levels declined as much as 3.0 m (10 f) near the
Radicactive Waste Management Complex (RWMC) spreading arcas and narth of the Waval Reactors Facility
{NRF). During the same period, water levels in the eastern part of the INEEL, where water levels are
probably mfluenced least by flows in the Big Lost Fiver and other surface water recharge sources, declined
about 1.5 m (5 ft). The net increase in the regional water table during the period from 1981 to 1985 reflected
a change m the volume of water available for recharge during a comparatively wet period following 3 years of
no flow in the river. The water table in the vicmity of the RWMC rose as much as 4.9'm (16 ft) in response
to recharge from water diverted to the spreading areas. 'Water levels rose as mmch 25 3.7 m (12 ft) in the
vicinity of the NRF and about 1.5 m (5 1) in the eastern INEEL. Water levels at the Test Area North (TAN)
declined less than 0.3 m (1 ft) during the first period, but rose as muoch as 1.2 m (4 ft) during the period of
hugh flow, Between the period 1989 1o 1991, water levels declined becanse there was no stream flow m the
Big Lost River below Arco and because of a general decline in recharge to the aquifer. From 1991 w 1995,
water levels generally decline throughout the INEEL because of drought conditions that began in 1987,
Water level declines ranged from about .5 ft in wells in the west-central part of the INEEL to about 2.5 ft in
wells in the southern part  The water level decline in the west-central part of the INEEL is atnbuted to lack
of recharge from the Big Lost River.
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Changes in water levels in wells in the vicinity of the Big Lost River sinks correlate with flows that
were recorded at the gauging station at Lincoln Boulevard Groundwater levels rose rapidly during periods of
high stream flow and declined duning peniods of decreased or no flow. Groundwater levels m the areas
southwest of the RWMC and north of the NRF are significantly affected by recharge from the Big Lost River.

From 1964 through 1994, water levels in USGS monitoring wells near the ICPP rose in response to
periods of flow on the Big Lost River (Figure 2-6). Periods of high flow on the river correspond to periods of
rising water levels m the monitoring wells. Peak water levels in the wells occurred approxamately | year after
each period of high flow in the river. Although infiltration of precipitation would contribute to water levels in
the wells and river flows would be expected to be greater in years with higher precipitation, infiliration of
water from the Big Lost River channel appears to be the major cause of increased water table elevation along
the channel during periods of high flow.

2.3.4 Summary of Surface Water Recharge

The ICPP uses approcamately 7.9M L (2.1M gal) of water per day. Water is supplied by two raw water
wells and two potable water wells located in the northern portion of the facility, The primary water systems
at the ICPP include raw water, fire water, treated (softened) water, demineralized water, stzam condensate,
landscape watering, potable water, service waste (industrial wastewaler), and sanitary waste sysiems
{Table 2-5). Piping systems external to facility buildings are cither buried or enclosed in utility tmnels.
Based on the primary water systems, approximatety 2.98 L (767M gal) of water are distributed throughout
13 lom (14 mi) of piping annually at the ICPP.

A Water Inventory Study (Richards, 1994) was performed at the [CPP to determine whether water was
leaking from the plant's water supply and wastewz_er systems in sufficient quantities to support the perched
water bodies beneath the plant (which have no readily apparent source). A thorough evaluation of the
primary piping systems was performed and leaks were discovered on the fire water and potable water
systems. The fire water system was found to have a year-round leak of 15 L/min (4 gal/min) and an
additonal leak of 45.4 Limin (12 gal’min) in a branch connection that was only used periodically. The
potential loss from the fire water systems was determined to be 14.8M LA (3.9M galiyr). The potable water
system was found to have a small leak of 0.57 L/'mun (0.15 gal‘min), which would provide approoamately
299,000 Liyr (79,000 gal/yr) of potential recharge to the perched water systems. These leaks have been
repaired, but historically provided nearty 15.1M LT (4M galyr) of potential recharge to the perched water
bodies. A potential exists that other unknown leaks are present in the 23 lom (14 mi) of piping. For example,
even if the metering could measure the flow throughout the plant to a 5% accuracy, an annual loss of 145M L
(38.4M gal) could go undetected.

Another source of recharge to the perched water bodies is the subsurface injectron of waste stcam
condensate. The steam condensate piping sysiem has a length of 1,280 m (4,200 fi) and an average flow of
280 Limin (74 gal/'min ) between September and April Primary steam use occurs between these months due
o seasonal demands such as heating and freeze protection. The total annual volume of steam condensate
discharged to the ground was estimated to be 6.4M L (1.7TM gal). OF this volume, it is estimated that 4.9M L
(1.3M gal) are discharged in an area where the condensate could contribute to the northern perched water
body.

The seven landscape watering systems are all located in the northern ICPP and cover a total area of
approximately 1.5 acres. Itis estimated 75,710 L/day (20,000 gal/day) of water are used to mamtam lawns
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Table 2-6. Primary water systems at lE.FF.

Esumated annual flow
System (gallons) Length of piping

Raw 200,000,000 1,905 m (6,250 f1)

Fire 24 000,000 £,049 m (26,400 ft)
Treated (softened) 470,000,000 1,219 m (4,000 &)
Demuneralized 790,000 1,280 m (4,200 ft)
Steam condensate 39,000,000 1,280 m (4,200 ft)
Potable 32,000 000 3,220 m (10,560 ft)
Serviee 690,000,000 3,863 m (12,670 ft)
Sanitary 15,000,000 2,415 m (7,920 )
Total 1,470,000,000* 20,132 m (76,200 ft) (14.4 mi)

a. Anmual flow is approximaely twice the estmared 7.9 L (2.1M gal) of water used daily because the anmual flowr
is hased on both the process end and the waste disposal (i.e.. service and sanitary wastewater).

and landscaping at the I[CPF during the summer months. Annually, a total volumne of 8.9M L (2.35M gal) 1s
used to water [CPP lovns.  Consumptrve use was calculated to requare 2,967,760 L/growing season
(784,000 gal/growing season). Subtracting the consumption and svapotranspiration from the supphed water
vields 2 net volume of approcamately 5 54M L (1 .57M gal) available for mfiltration and recharge of the
perched water bodies.

Namural recharge from precipitation is also available o support perched water bodies. Long-term
average annual precipitation at the INEEL is 22.1 em (8.7 in.) and pan evaporation is on the order of
109 cfyr (43 in ). Nevertheless, water from snowmelt or heavy rains may mfiltrate to a depth where it
cannot be evaporated. Furthermare, many areas within the ICPP are mmpervious and precipitanion nuns off to
drainage ditches. The ditches are unlined and 2 significant fraction of infiltration is likely to occur along the
ditches. Estimates of net recharge from precipitation range from 2.5 to 10.2 em (1 10 4 m.) (Miller et al,
1990), with 4.1 emAyr (1.6 m./yr) being considered to be the best estimate for net mfiltration to be used at the
ICPP. Infiltration may actually be greater due to the impervious arcas, dramage ditches, and mfiltration
ponds used to collect nnoff. Using a net infiltration rate of 4.1 em/yr (1.6 in/yT) and assummg the recharge
area for the entire ICPP to be approsumately 184 acres provides an estimate of 30M L (8M gal) of water
avaulable for recharge from natural precipitation. Fﬂ'fmnct&mnpm'hndmhndlu.lpp‘umnd}r
]-1-3ML{3ﬂ}dpijn[mdm'gaunm:hkﬂum;umpummgmnﬂn{ﬂI:r::L Approcamatehy
15M galyr are discharged into the infiltration galleries of the new sewage treatment plant in the northeastern
corner of the facility, Fmally, the largest source of recharge to the southern portion of the facility is due to
approximately 690M galfyr of service waste water discharge to the 2 service waste percolation ponds.

A summary of the amount of water available to recharge the perched water bodies at the ICPP 15
provided m Table 2-7. Historically, approxumateby 2.73 billion LAy (720M galiyr) are known to be
providing recharge at the ICPP. This does not include an additional 145M L (38.4M gal) that could be
leaking through the facility piping and go undetected by the curment metermg system.
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Table 2-7. Eﬁmuﬂmmﬂmmﬂmcp:mdmbnﬁnmlﬂ?.

Northern ICPP : Facility-wide
Volume Vohmne

Source (galyr) Percent (galyr) Percent
Service wastewater None 1] 690,000,000 958
Sewage treatment ponds 15,000,000 ot} 15,000,000 2.1
Water systern leaks® 3,980,000 16 3,980,000 0.6
Landscape umigation® 1,568,000 & 1,568,000 0.2
Precipitation infiltration 3,800,000 15 8,000,000 1.1
$team concensate 1,300,000 5 1,700,000 0.2
CPP-603 Basins None 0.00 0.0 49275 <0.1
Total 25,648 000 100 720297 275 1040

2. Estumae based on past leaks and irrigation practices. Acmual loss from piping eaks is unknown.

2.4 Geology

The following geologic description is summarized from Lithology and Stratigraphy ar the Idaho
Chemical Processing Plan: [Attachment 2 of LITCO (1995)]. This technical memorandum includes the data
used for the mnterpretation, an explanation of interpretive methods, and lithologic deserpuions of each
geologic umt.

24.1 Regional Geology

The INEEL i= located in south-central Idaho on the Snake River Plain  The Snake River Plam is
commeonly divided into two regions: 2 western regaon, which is a narthwest trending depositional basin, and
an castemn region, which is a northeast trending volcanic plain (Malde, 1991). The INEEL is located in the
castern region of the Snake River Plam. This voleanic plam is compnised of approxamately 914 m (3,000 ft)
of layered late Cenczoic basalt flows over a rhyolitic basement that is approximately 3,048 m (10,000 f)
desp (Malde, 1991}

The ESRP is approximatety 322-km (200-mi) long and ranges between 80 and 113 km (50 and 70 mi)
in width {Anderson, 1991). It is bounded on the west by the north flowing reach of the Snake River through
the Hagerman Valley and on the east by the Island Park chyolite deposits. The northern and southern
boundaries consist of the basin and range mountains of south central Idaho (Malde, 1991),
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2.4.1.1 Origin of the Snake River Plain Voleanics. The crustal structure of the Snake River Plain
volcanics, aithough not completely understood, is believed to include the entire thickness of the crust (Malde,
1951). It is bebeved the crust beneath the plain was modified by a hotspot (Malde, 1991). This theory is
supported by mumerous geophysical studies (Malde, 1991).

The geophysical studies suggest the crust beneath the plam is approxamately 3. 1-km (1, 9-mi) thick as
oppesed to the crust surrounding the plan, which is approcamately 20,0 km (12 4-mi) thick (Malde, 1991).
There is geophysical evidence that a shallow source of heat exists at approximately 12,1 km (7.5 mi) below
the surface (Malde, 1991). Heat flow measurements and volcanic activity suggest sither the hotspot has
progressed m & northeast direction or the crust has moved in a southwest direction resulting in the hotspot
bemng presenthy associated with Yellowstone National Park (Malde, 1991). The absence of Paleozoic rocks
withon the ESRP 1s explamed by Malde (1991), who suggests the hotspot produced mafic intrusions causing
the gramitic crust to melt from below, which resulted in a thinning of the crust and the formation of silicic
magma bodies. These silicic magma bodies would have resulted in the formation of granitic batholiths, which
would effectivety displace any Paleozoic rock, leaving only the silicic magma and the underlying mafic
mirusion as the onty source materials for the formation of the ESRP. As the silicic magma erupted to the
surface, the rhvolitic rocks found beneath the basait were deposited. The viclent silicic eruptions would have
opened passage ways for the mafic magma to move through, eventually resulting in the basalt flows that now
malke up the ESRP.

2.4.1.2 Basait Flow Structure. Greeley (1982) proposed the term “basalt plain” to describe the basaltic
regon of the ESRP. According to Greeley, a basalt plain combines elements of shield volcanoes and flood
basalt plateaus.

The ESRP i1s composed of multiple thin flows erupted from vents aligned on volcanic rift zones. Two
types of basalt are commoaly erupted on the ESRP: a form known as pahoehoe, which is a very fhud, low-
VISCOSily magma that produces thin tongues and lobes, and aa, which is a high-viscosity magma that results
in blocky angular flows. A third “hybnd™ type of basalt 15 also found amaong the lava flows of the ESRP. ©t
1s suggested it was formed by magma interacting with crustal rocks at depths of about 31 km (19 mi)
(Malde, 1951).

As suggested by Greeley (1982), pahoehoe is the dominant type of basalt that eropted on the Snake
Baver Plam, which forms the long, low angle flanks of the low shield voleanoes. The eruption of an aa lava
produces the higher angle slopes surrounding the vents. As the eruption of the basalt continued over time,
several low shield volcances formed, their flanks overlapping, to produce the complex stratigraphy found
within the Snake River Plain,

2.4.1.3 Filows, Flow Units, Flow Groups. A lava flow is generally defined as a solidified body of rock
that has been extruded out horizontally across the earth's surface from a fissure or vent. A lava flow may be
described as a flow, whach refers to the overall body of rock; a lava flow may also be described as 2 flow unit
that is defined as 2 separate distinct lobe that issues out from a flow, or a lava flow may be described as a
flow group, which is 2 sequence of petrographically similar flows that erupted from the same magma chamber
(Anderson and Lewis, 1989). Between lava flows there is a contact that represents a cooling surface betwesn
flows. The coolmg surface is typically marked by an increase m the number of vesicles and fractures in the
rock 25 well as a significant amount of oxidation  There may also be a layer of sediments betwesn flows.
Commonty these sediments are referred to as interbeds.
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The sediment or mterbed sources may be other volcanic activity or alluvial, lacustrine, and eolian tvpes
of seduments. The sediment thickness depends on the location of the deposition, Hme between eruptions, and
type of sediments.

2.4.1.4 Volcanic Features Near the INEEL. Several volcamc features exist on the Snake River Plain
n the vicmity of the INEEL; these features make up 2 senies of volcamc rift zones. To the west of the INEEL
15 the Arco Volcanic Rift Zone, to the south is an arc of volcamic vents and rhyolitic domes, the largest of
which is Big Southern Butte, which is dated at about 300,000 years ago (Spear and King, 1982). This arc of
volcanic feanures is called the Axial Volcanic Zone. To the east of the INEEL is the Hells Half Acre Rift
Zone, which trends northwest to southeast These volcanic zones are thought to be the sources of much of the
basalt that has flowed out onto the Snake River Plain

2.4.1.5 Surficial Sediments. A summary of Kuntz et al (1990) of the surficial sediments deposited on
the surface of the Snake Fiver Plam follows:

“The surficial sediments deposited on the surface of the plain in the vicmity of the INEEL are
composed of alluvial, lacustrine, and eclian deposits. During the Pleistocene times, streams originating
m the mountains north of the plam carried large volumes of sediments and deposited them in the
mouths of the stream valleys as huge alluvial fans. Some sediments were carmied out mto the basins
below the mountam ranges to form broad gravel plams. In addibion to the sediments deposited by the
regular workings of the mountain streams, some sediments were distributed through large floods that
moved across the plain. There was also a large lake that formed during the Pleistocene time that
covered much of the northeast portion of the [NEEL. The lake has been named Laks Terreton
Sediment was also carmied out over the plan by strong winds which deposited fine grained sands and
silis.”

2.4.2 Subsurface Geology of the ICPP

The subsurface of the [CPP has been extensively drilled and sampled by the UUSGS m an effort to
understand and monnor the movement of groundwater and contaminants beneath the ICPP. The geologic

data acquired during the drilling of the wells at the ICPP were used to make the geologic interpretation of the
subsurface at the [CPP.

To date, 41 wells have been drilled at and around the ICPP to depths that exceed the upper Limite of the
SRPA (36 USGS monitoring wells, four production wells, and [CPP monstormg well); 32 wells have been
drilled and are completed m the vanous perched water bodies beneath the [CPP; and numerons holes have
been drilled at the [CPP in the surficial seciments to the top of the basalt Two of the deep aquifer wells and
11 of the shallow perched wells were cored. A significant number of the wells compieted in the perched
groundwater and SRPA have geophrysical logs includmg natural-gamma, neutron, gamma-gamma, and
caliper. In addition, borehole video logs are availabile for each well Figure 2-7 is 2 map of the ICPP showmg
well locations.

The subsurface geologic interpretation is divided into a section in which the lithology of the basalt
flows is discussed and a section in which the basalt flow stratigraphy is discussed The reason the geologic
mierpretation is being presented m this manner is because the complex lithology (Le., fracturing, vesicles, and
weathening surfaces) is not contimuous within a smgle flow unit and, therefore, the lithology cannot be
correlated between boreholes, However, the stratigraphic relationship of the basalt flows can be comelated
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between boreholes using the stratigraphne position of the flows as indicated by similar geophysical responses
measured within the boreholes. This correlaton is difficult due to the high degree of similanty between
basalt flows,

2.4.21 Lithology. Figure 2-8 is a generalized lithologic column showing the basalt flows and sedimentary
mterbeds beneath the ICPP and the geophysical response associated with each different geologic material as
determined by careful examinanon of core from the [CPP.

The generalized lithologic column (Figure 2-8) shows three typical hthologic sequences found m basalt
flows beneath the ICPP. The upper portion of the column indicates a massive dry basalt grading dowmward
mto 8 moist vesicular basalt. The base of the flow rests on a sanmated laver of sediments. The sediments
cover a weathered fractured vesicular basalt in which the vesicles and fractures have been filled to some
extent with sediments from above. A set of horizontal sediment-filled fractures are shown below the upper
weathered zone. These horizontal fractures overlay a dry massve basalt, which grades mio 2 saturated basak
vesicular basalt. The bottom of this flow unit overlies a tight, moist sediment layer, The sediments then
overlay a moist to dry layer of vesicular fractured basalt, which grades to a massive dry basalt Below the
massive basalt is a basalt vesicular zone followed by a fractured weathered vesicular zone. This is typical of
a contact between two flows m which there are no sediments present  There may be some measurable amount
of meisture due to the fracturing and vesicular nature of the basalt near the edge of flows. The basalt then
grades to a massive dry basalt

The peophysical logs provided on the generalized column show typical responses to the different
lithologies. The gamma log shows a typical low gamma radiation count for the massive portions of the basalt
with mcreasing gamma counts related to zones of increased sediment percentages. The largest gamma counts
cormespond to those ~oruons of the lithologic column that are entirely sediment. The sediment-filled
bornizontal fracture produces a small gamma anomaly, The actual gamma count from the sediment may be
equal to that of the thicker sedunent layer above, but because the fracture is very small, the radiation is
attenuated causing a smaller response.

The neutron log mdicates a respanse to moisture in the formation.  The dry basait causes very Limited
neutron thermalization and, therefiore, the neutron count for these zones 15 much higher than the zones where
moistre is present.  Zones of sither limuted parosity or mowsture tend to produce a moderate number of
neuron collisions, thereby causing the newtron count to decrease shghtly, Saturated zones produce the most
newtron collisions, which is reflected by the low neutron coumts.

zones where groundwater occurs. A perching unit will have a neutron low above it and exhibit a neutron
hugh If the perching layer i composed of sediments, there will be 2 natural-gamma anomaly associated with
it. Fractures and other zones of water are indicated by low neutron counts.

2.4.2.2 Lithology of Corehole USGS-121. The lithologic column for Corehole USGS-121 was
selected to show the lithology from the ground surface to the SRPA. This corchole penetrates lithology that

1s typical of the ICPP subsurface, however, the lithology may vary sigmficantly between bareholes at the
ICFP.
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Corehole USGS-121 is located north of the ICPP (Figure 2-7); the total depth of the corehole is 227 m
(742.% ft) below ground surface (bgs). The corchole was drilled m 1989 and 1990 as a monitoring well.
Static water level in the SRPA is approcimately 139 m (455 ft) bgs. The hole was overreamed to 30.18 or
(11.88 in) and cased to 131.7 m (432 ft) bgs with a 20-cm (8-in.) carbon steel casing. Stainless steel casing
was hung from 125 8 to 136 m (412.6 to 449 ft) bgs having 7.9 m (26 &t) of 0.02 slot stainless screen and an
additional 1.5 m (3 ft) of stainless steel casing to a depth of 146 m (480 ) bgs. A silica sand pack was
placed from 146 to 148 m (480 w0 485 ft) bgs over a Volclay bentonne plug, which was nstalled from 148 1o
151 m (485 to 495 ft) bes.

Drgital natural-gamma and neutron logs were recorded for Corehole 1USGS-121 in June, 1993 to a
depth of 146 m (480 fi) bgs, which is the top of the silica sand pack Before the 1993 logging effort, the hale
was geophysically logged using an analog natural-gamma, neutron, and gamma-gamma logging system in
198% and again in 1590. For the lithologic evaluation of the hole, the digital log recorded n 1993 was used.
The effects of well construction and the static water level on the neutron log are seen in the mnterval from 131
to 140 m (430 to 460 ft) bgs.

A detailed lithologic column for Corehole USGS-121 was derived from the core log description and
geophysical logs contamed in Attachment 2 of LITCO (1995). Top and bottom depths of the lithologic wmits
and descriptions of the lithologic units are also provaded m LITCO (1995). Significant lithologic sequences
penetrated by Corehole USGS-121 are described as follows:

= The base of the surficial sediments at 10.4 m (24 ft) bgs arc indicated by a sharp decrease in the
natural gamma count. The neutron log does not show a significant change umtil the basalt
becomes more competent and less fractured and/or vesicular. This delay in the neutron log
responss was confirmed by inspection of the core.

- A basalt sequence of an unusually high natural gamma radistion is found between 35.4 and
396m (116 and 130 ft) bgs. This was confirmed as a hasalt from mspection of the core. It
appears to be a single umut with a thm sediment laver above and below, as indicated by the neutron
log The neutron log shews a significant decrease between 34,7 and 354 m (114 and 116 ft) bgs
and again at 39.6 and 40.5 m (130 and 133 ft) bgs. Cor= loss in these zones prevented a detailed
description of the materials from these intervals, but silty sediments were found on the care above
and below these intervals,

=  Moast silt s possibly indicated by the natwral gamma and neutron logs betwesn 42.7 and 44.2 m
(140 and 145 fi) bgs. Inspection of the core from above and below this interval revealed races of
silt, thus supporting the mterpretation of the geophysical logs.

*  The interval between 79.2 and 853 m (260 and 280 ft) bgs is a slightly weathered to fresh dusky
red basalt that is highly fractured, as indicated by the neutron log. It overlies 2 9.8-m (32-ft) thick
wnterval [85.3 to 95.1 m (280 wo 312 &) bgs] of fresh, minutely vesicular basalt that is relatively
unfractured This interval is characterized by a higher neutron log count than the overiying basalt,
while the natural gamma log remains essentially the same. Below this interval is a highly
weathered vesicular basalt, which is possibly a pyroclastic flow [97.8 1w 98.4 m (321 to 323 f1)
bgs]. The neutrom log shows a significant decrease in the count rate between 95.7 and %7.5 m
(314 and 320 ft) bgs, whereas, the natural gamma log does not show any significant change
between this interval and the one above.
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*  Theinterval from 122.2 to 125.3 m (401 to 411 ft) bgs is a series of sands, silts, and clays. The
sediment descriptions were obtaned by mspection of the core. The geophysical responses of the
sediments are used to confirm the intervals in which the sediments exist and aid in the
identification of the type of sediments,

The sediments between 1222 and 122 5 m (401 and 402 fi) bgs are described in the core log as
silt with basalt gravel. The natural gamma count is beginning to increass m this interval and the
neutron log shows a significant low.

From 122.5 to 123.4 m (402 to 405 ft) bgs a reddish brown, massive sty clay is described. The
natural gamma count has significantly increased from the interval above and the peuwron log also
increased i this interval, indicating a decrease in the moisture content in these sediments.

From 123.4 to 124.7 m (405 to 409 ft) bgs there was a significant amount of core loss, but no
indication the lithology changed from sediments to basalt The geophysical data suggest a sand,
This is based on the low natural gamma count combined with 2 decrease in the neutron count
mdicating the clay mineral content of the sediments decreased and the parosity increased, which is
tvpical of a sand.

From 124.7 to 125.0 m (409 to 410 ft) bgs a pale yellow brown maost silt is described in the core
log. This genlogic material type is accompanied by a high nansral gamma count and an mcrease
in the neutron count.

Based on the above observations, it appears water may be perching on the fine clay like sediments
from 122.5 to 123 4 m (402 to 405 ft) bgs. The sediments above this zone may contain some
water based on the neutron response while the sediments below appear to be relatrvely dry.

2.4.2.3 Stratigraphy. Several stratigraphic units based on similar lithology and stratigraphic posttion
have been identified beneath the ICPP. A generalized stratigraphic column is presented in LITCO (1995).
This figure shows the stratigraphic units and gives a general description of the units, The unit thicknesses
provided on the stratigraphic column are average thicknesses from the wells used to make the stratigraphuc
interpretation. A complete table of the unit thicknesses are provided n Lithology and Stratigraphy at the
Idaho Chemical Processing Plant [Attachment 2 of LITCO (1995)]. The names given the stratigraphic

umits are based on the nomenclatore used by Anderson (1991). An stiempt was made to stratigraphically

associate the sediments found between the basalt flows and as a result, the names of the sediment units are
based on their stratigraphic asseciation (Le., “DE2" Basalt and “DE2" Sands).

South-north and west-east cross sections have been prepared from the available data. A complete
description of these cross sections is presented in Lithology and Stratigraphy at the Idaho Chemical
Pracessing Planr [Attachment 2 of LITCO (1995)]. The cross sactions sxtend from the ground surface
[approndmatedy 1,494 m (4,900 ft) above median sea level (amsl)] to 1,341 m (4,400 ft) amsl. The top of the
SRPA is approsamately 1,356 m (4,450 ft) amsl in the vicmity of the ICPP. Figure 2-9 shows the location of
the east-west cross section and the wells used for comrelation. The east-west cross section of the ICPP may be
found in Section 2.6.1.2.1 of this report, and additional cross sections are provided m Plate 3 of the Final
Waork Plan. The wells used for the west-east section include USGS-043, MW-001, CPP-03 (Injection Well),
MW-01% (the location of MW-01% is approoamate; it was not surveyed in at the time of this Work Plan),
MW-008, and USGS-052. MW-001, MW-008, and MW-018 were drilled using an air rotary drill rig with a
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tri-cone bit between 1992 and 1954, The remaining wells were drilled using a cable tool rig in the earhy
19505 and 1960s.

The USGS wells were drilled as monitoring wells for the SRPA. The MW series of wells were drilled
1o monitor the perched water zones beneath the ICPP, 'Well CPP-3 was drilled as a desp mjection well fior the
ICPP (it has since been abandoned), and Weil CPP.2 was drilled as a production well for the ICPP water
supply.

The stratigraphic relations shown on the cross section depict the typical subsurface stratigraphy beneath
the ICPP. The basalt flows are characterized as overlapping lobes of basalt intermixed with larger basalt
flows of relatively uniform thickness beneath the ICPP, The sediments found between the basalt flows are
ﬂﬂmmmmhymmﬂfm,ﬂﬂdtﬁ. These changes in the sediment
lithology are distinguished h}rtl:gm]ngistmdsﬁmd:ﬂltuglmdrwmempm of the sediments on the
geophysical logs.

The basalt flows, as interpreted, appear to be relatively uniform in thickness beneath the ICPP.
Signiﬁ:mnmmgum&u:ﬂwd:ﬂmmmaﬂmrduujm:hmgu m the bthology of the flow or are caused
by the flow margins in which the flow appears as a lobe of basalt. The lithalogic changes that may cause a
change in the flow thickness are the existence of pyroclastic deposits on or within a flow, or 2 flow being very
vesicular, and thus, maore susceptible to the effects of erosion,

Stratigraphically significant basalt flows beneath the ICPP inchude the “CD™ flow, “DE3" flow, and
“DE4" and “DE5" flows. The “CD" flow appears to be a very hard, nonporous flow that is not continuous
over the entire ICPP. This could potentially affect the movement of groundwater in the vadose zone, The
“DEH"ﬂ:Jwi.sqpmlﬂymﬁﬁ:mmthmkuﬂmdmmberﬂtﬁm&ﬂmhﬁg;ﬂhmmhlynlm
to semiporous besalt. It provides a lower boundary for the thick sediments associated with the “D” and
“DE2" stratigraphic units. The “DE4" and “DES™ basalt flow units are often characterized as massive and
m&mmmu,paﬁmnfm:ﬂmndnmwuwmﬁcmdﬁﬂp:mmmﬁm&
basalt 1s hughly vesicular and fractured. The boundary between these flows is not clearty defined; there does
not appear to be any major sedimentary units separating these basalt flows.

The sediments, as interpreted, appear to be primarily made up of sands and silts with some small clay
lenses. The majority of the sediments are thin [0.3- to 1.5-m (1- to 5-ft) thick] layers of silt betwesn the
major basalt flows. Sediments were most likely deposited in colian or fluvial type envircoments. Two major
sedmment sequences are shown on the cross sections: the upper sequence associated with the “CD,” the thick
“I¥" and “DE2" sands and silts; and the lower sediments associated with the “DE6," “DE7." and “DES"

The cross sections show a very thick sequence of sediments, particularly in the northern end of the
south-north section, which are stratigraphically shown as the “CD"”, “D,” and “DE2” units. These sediments
. @ppear to be a thick sequence of sands over and underlain by silts and clays. Structure contour maps of the
top of the “CD" and “D" interbeds are provided in Figures 2-10 and 2-11, respectively, '

The sediments associated with the “DES,” “DE7,” and “DES " stratigraphic units appear to be made up
of gravels, silts, and clays. Ttuumdﬂmsmmﬂﬂkﬂyd:puﬁmdmlﬂmwmmdm
mdicate a braided stream deposit. This is the last major sediment deposit above the SRPA, Structure contour
map of the top of the “DER™ nterbed is provided in Figure 2-12.
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2.5 Regional Hydrogeology

The SRPA flows beneath the INEEL and is about 322 km (200 mi) long and 89- to 113-kan (35- to
70-mi) wide. It extends from Ashton and the Big Bend Ridge on the northeast to Hagerman on the southwest
(Figure 2-13) and covers about 25,300 km” (10,000 mu®). The aquifer consists of a series of basait flows
of the aquifer with less permeable rock at the margins of the plam (MundorfT et al., 1964). Robertson et al.
{1974) esumated as much as 2B acre-ft of water may be in storage m the aquifer, of which about 500M acre-
ft are recoverable.

Groundwater m the SRPA generally occurs under unconfined conditions, but locally may be quasi-
artesian or artesian (Nace et al,, 1959). The quasi-artesian or artesian conditions are cansed by layers of
dense, massive basalt or sediments with relatively low permeability. Nace et al {1959) described quasi-
artesian as the siuation in which the groundwater level is first recognized in a borehole during drilling at a
depth below the regional water table, and then the level rises significantly [1.5 to 15.2 m (5 to 50 f1)] to the
level of the water table. This rise of the water level simmulates artesian pressure, but the conditions are not
truly artesian. Nace et al. (1959) also noted water levels in some wells in the SRPA respond to fluctuations in
barometric pressure similar to wells in confined aquifers, indicating tight zones i the basalt may impede
pressure equalization. True artesian or flowing artesian conditions in the SRPA were identified at Rupert, in
parts of the Mud Lake Basin, and north of the Amenican Falls Reservorr (Nace et al | 1959),

Recharge to the aquifer is primarily by valley underflow from the mountains to the north and northeast
of the plain and from infiltration of irrigation water. A small amount of recharge occurs directly from
precipitation. Recharge to the aquifer within INEEL boundaries is primarily by underflow from the
northeastern part of the piain and the Big Lost River (Benmett, 1990). Significant smounts of recharge from
the Big Lost River have caused water levels m some wells at the INEEL torise asmuch as [ 8 m (6 ft) in a
few months after high flows in the river (Barraciough et al., 1982). Locally, the direction of groundwater
flow is tempararily changed by recharge from the Big Lost River (Bennett, 1990,

Estimates of the effective thickness of the SRPA at the INEEL are variable. A 3,159-m (10,365-ft)
deep peothermal test well (INEL- 1) was dnlled about 7.2-kam (4.5-mi) north of the ICPP in 1979, Subsurface
geologic information from INEL-] indicates at least 610 m (2,000 f) of basalt undertie the INEEL
(Prestwich and Bowman, 1980). Hydrological data from INEL-1 were mterpreted by Mann (1986) to
indicate the effective base of the aquifer is 259 to 372 m (850 to 1,220 ft) bgs. The depth to water at INEL-1
15 about 122 m (400 ft) bgs, which sugpests an effective aquifer thickness of 137 to 250 m (450 w 820 fi).
In earlier studies by Robertson et al. (1974), the effective portion of the SRPA at the Test Reactor Arca
(TRA) was assumed to be the upper 76 m (250 ft) of the saturated zone based on litholggy and water quality.
The aquifer's thickness varies at different areas, and the aquifer becomes less productive with depth due to
decreasmg hydraulic conductivity (Hull, 1989). Hydraulic conductivity of the basalt in the upper 244 m
(800 fi) of the aquifer generally is 0.3 to 30.5 miday (1 to 100 fi/day); whereas, the hydraulic conductivity of
undertying rocks is several orders of magnitude smaller (Orr and Cecil, 1991). Fracture filling from
sediments and secondary mineralization are the principal reasons for the decreased hydraulic conductivity.
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Perched groundwater zones occur when downward flow to the aquifer is impeded by fine sediments or
dense basalt flows with relatively low permeability. At the INEEL, perched groundwater has been
documented beneath the Big Lost River system, and at the NRF, TRA, and ICPP (Morris et al | 1965:
Robertson et al. 1974, and Pittman et al., 1988). The occurrence of perched groundwater at the ICPP will be
discussed later n this section

251 Depth to Water and Groundwater Flow

The water table contour map shows the configuration of the water table and general lateral direction of
groundwater flow across the INEEL in July, 1988 (Figure 2-14). The water level elevations ranged from
1,399 m (4,590 ft) ams] in the northern part of the INEEL to about 1,347 m (4,420 ft) ams] south of the
INEEL, the depth to the water table varied from about 61.0 m (200 ft) bgs in the northemn part of the INEEL
to about 274-m (900-ft) bgs i the southern part  The general direction of groundwater flow was to the
souith-southwest, and the average gradient was about 0.8 m/km (4 ft/mi) (Orr and Cecil, 1991). Locally,
however, the vdraulic gradient vanies significantly and ranges from about 0.2 m/am (1 ft/mi) in the northern
part of the INEEL to a maximum of 2.8 m/km (15 ft/mi).

The elevation of the water table and direction of groundwater flow are affected by recharge and
groundwater withdrawal. From July 1985 to July 1988, Orr and Cecil (1991) reported water level changes in
INEEL wells rangmg from a 7.9-m (26-ft) decline near the RWMC to a 1.2-m (4-ft) rise north of TAN.
Water levels generally declined in the southern two-thirds of the INEEL during that time and rose in the
northern one-third. '

The Big Lost River flows intermuttently on the INEEL. When flowing, the water infiltrates from the
river and percolates downward toward the SRPA. Layers of sediment and massive besalt in the vadose zone
having relatively low permeability may impede the downward percolation of water and sometimes form
perched water bodies beneath the miver. A hydrograph of Well USGS-78 located west of the ICPF and
corresponding discharge measurements from the Big Lost River at the Lincoln Boulevard Bridge near the
ICPP are shown in Figure 2-15, Well USGS-78 is 71.6 m (235 fi) from the niver and 61.9 m (203 fi) deep,
and is completed approximately 79.2 m (260 ft) above the SRPA.

The water level in Well USGS-78 begins an abrupt rise about 4% days after flow starts in the Big Lost
River, The water level may rise as much as 30.5 m (100 ft) within a few months. The water level m the well
is very sensitive to river stage, and as stoream flow declines or ceases, the perched water level declines
abruptly. Declines of 18.3 to 27.4 m (60 to 90 ft) have been measured within 3 or 4 months (Barraclough
and Jensen, 1976). Well USGS-T8 is an open borehole from 20.1 to 61.9 m (66~ to 203-ft) bes, and as a
result, the ransmissive zone cannot be determined to provide an estimate for the vertical flow velocity, The
horizontal groundwater velocity from the Big Lost River to Well USGS-78 appears to be as high as 0.9 m/hr
(3 ft/hr).

252 Aquifer Properties
Aquifer permeability is controlled primarily by fractures, fissores, and voids along the upper and lower
contacts of basalt flows, interstitial large voids, and intergranolar pore spaces. Vesicles contribute little to

permeability becanse most are isolated and do not transmut much water. Locally, the direction of groundwater
flow may vary due to the vanability of the bydraulic charactenstics of the aquifer within a small area
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Hydraulic properties of the SRPA have been determined by pumping tests. According to
Robertson et al. (1974), transmissivities range from 1.24 = 10 to 1.24 x 10° m*/day (1.34 = 1010 1.3
= 107 f/day) with 6.2 = 10* m¥/day (6.7 = 10* ft*/day) considered normal. Table 2-8 summarizes
transmissivity and storage coefficients calculated from tests conducted at the INEEL. Transmissivities range
from 3.7 = 10F 1022 = 10" m*/day (4.0 = 10° to 2.4 = 10° f'/day), with the lowest at TAN and highest at
TRA. By calculating the peometric mean of transmissivity values, Hull (1989) esumated regional aquu::
transmissivity for the southern INEEL to be 27,000 m®/day (294,000 f*/day). Estimates of the storac=
coefficients range from 0.01 to 0.06 and effective porosity from 5 to 15%, with 10% bemng historicaliy e
maost accepted value (Robertson et al., 1974), though more recent mformation indicates that a lower valus
may be appropriate.

2.6 ICPP Hydrogeology

Sixty-cight wells have been installed at the ICPP to monitor perched water bodies and the SRPA. This
monitoring well network consists of 32 wells completed in the perched water zones and 36 wells completad in
the SRPA. Several of the perched water monitormg wells are completed in multiple water bearing zones.
The location of the wells completed in the perched water zones are shown in Figure 2-16, with the
construction specifications provided in Table 2-9,

2.6.1 Perched Water Zones

The uppermost perched water zone identified at the ICPP occurred within the Big Lost River alluvium
above the basalt This shallow perched water was first investigated near the fuel element cutting and storage
facility (CPP-603) i the eariy 1960°s. The perched water was primarily attnibuted to the discharges of
wastewater to the shallow seepage pit (CPP-2) located on the west side of the building This shallow perched
water body was mvestigated by installimg 27 observation wells in the alluviom above the basalt. A small
zone of perched water was encountered at a depth of 6.7-m (22-ft) bgs, and a larger zone was encountered
directly on the basalt surface at a depth of 9.8-m (32-ft) bgs. This perched water body has not been
monitored since 1970 and is believed to have dissipated since the construction of the Irradiated Fuel Storage
Facility (IFSF) on the western portion of CPP-603 over the secpage pit in the early 1970's. Other than the
bodies have been identified at the ICPP.

The upper basalt perched water zone was mitially discovered in the late 1950s where Wells USGS-50
and 175G5-52 encountered perched water at 38.4 and 53.0 m (126 and 174 ft) bgs, respectively. The
occurrence of this perched water was attributed to operational practices based on the presence of radicactive
and chemical contamnants, Since then, pumerous monitoring wells have been mstalled in the upper perched
water zone to identify the source of recharge, delineate the perched water bodies, and determine the nature
and extent of contamination. A discussion of this perched water zone 15 provided in Section 2.6.1.2.

A lower perched water zone was also identified in the basalt at depths between 104 and 122 m (340 and

400 ft) bgs (Robertson et al, 1974). This water was first discovered in 1956 while drilling Well USGS-40
where perched water was encountered at a depth of 106 m (348 ft). An analysis of this perched water
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Table 2-8. Results of aquifer tests conducted to determine transmissivity and storage properties of the
SEPA (Walton, 1958 and Walker, 1960),

Penetration of well
Transmussivity Storage below water table

Well number Test date {ft2/day) cocfiicient ()
CFA-2 27-FEB-51 2.1=10* — 209
TRA-1 22-JUL-57 1.9 = 108 0.02 114
MTR-TEST 07-JUN-57 2.4 = 10° 0.06 134
Fire Station Well 03-NOV-58 4.1x10° - Gy
SPERT 11-JAN-56 1.6 = 10 —_ 156
GCRE 20-MAY-59 35 = 108 — 747
4M I0E Tad 29-ATIG-50 23 = ¥ — 167
CPP-1 11-NOV-51 44 = 0¥ 0,06 136
STR-1 17.M0V-50 20= 10 - 172
NRF-1 12.N0OV.53 1.1 = 10* 0.03 157
STR-2 03-AUG-50 49 = 10° — 163
MNRE-2 19-FEB-57 57 = 1P —_
ALW 24-ATIG-56 1.5 « 1P —_— 180
NRF-3 25-MAR-57 6.4 = 10 —
ANP-1 16-APR-53 9.4 = 10 0.01 157
ANP.D A0-APR-53 13=10* —_ 133
ANP-3 20-JUL-53 .6 = 10° —_ 112
FET Prod 1 17-AFR-58 4.4 = 10* — 139
FET Prod 2 03-MAY-58 9.1 = 10 — 259
LPTF Disposal 20=JUN=5T 40 = 1P _— 1049
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Table 2-9. Specifications of the perched water wells,

Land Surface  Measuring Point Total Depth Drilled Well Bereen ([oolage) “Well Screen {clevation)
Well Type Morthing  Easting __ Hlevation Elevation Footage  Elevation Top Bottom Top Bottom
CFP 33-1 2-ip, B3 Well 695191 296919 49152 4917.38 1136 4801.6 E0Q 00 4826.2 48162
CPP 313.2 2.in, 88 Well E053R% 206619 4914.2 401542 1147 4799.5 B5.E 1058 4818 .4 4R08.4
CFP 33-3 I-in. 35 Well 695806 296639 4913.7 4916.13 126.4 4787.3 1118 121.8 4801.9 4791.9
CFP 114 1-in, 38 Well 66049 297011 4911.9 4914.01 124.0 4TRT 9 Rl 1182 4813.7 47931.7
CFP 3174 2-in. B8 Well BESEG] 29741 4911.0 4912 66 119.3 4T81.7 LR 1099 4811.1 4&01.1
CFP 5506 2-in, 83 Well 693057 297563 49116 491311 19 4TRE.T LN | 1131 48185 4THE.5
-] Gi-in. Steel Well 692170 1967134 49178 4919.11 1.0 4757 .8 100.0 0.0 48178 47978
-1 fi-im. Steel Well 691751 297010 4917.0 491854 11.0 4TRE.0 1o 110 48050 4TRE.0
PW-3 fGi-in. Steel Well 692447 296961 4916.7 401812 123.0 4791.7 103.0 113.0 48137 47193.7
P-4 G-in. Steel Well 692157 97572 4914.8 491630 150.0 47T64.8 oo 150.0 4804 B 47648
PW-5 G-in. Steel Well 692196 196978 49146.4 491840 1.0 4TS 4 109.0 119.0 4807 .4 ATET A
PW-6 G-in. Steal Well  GO2E0G 195150 49205 4922 34 135.0 4TRSS 105.0 125.0 4815.5 47955
MW-1 440 PVC Well 604731 296009 4916.5 491925 1050 45215 1260 1360 45905 4580 5
MW-1 l<in. PYC Piezn.  65471] 2060599 4916.5 4719.00 395.0 4321.5 3590 369.0 4557.5 45475
MW-2 I-in, PVC Well 695285 197262 4911.1 4916.09 1270 47861 1020 120 4811.1 48011
MW-3 Lin PVC Well 695115 2963469 4916.0 491850 151.3 47647 128.0 138.0 4TRE.D 4T78.0
MW l-in. F¥C Piezo.  6%3113 196369 4%16.0 4518.50 151.3 4764.7 116.3 118.0 4798.7 4T98.0
MMW-4 L.in. FWC Well 695376 19TRIR 49114 4914.21 131.0 47804 100.6 1106 4R10.8 4R00.R
bW 1-in. PYC Pieza. 685376 107TR1R 49114 4913.77 111.0 4TR0.4 128.0 119.7 4TR1.4 4TE1.7
kW5 lin PYC Well 695110 294 4906.4 4919.27 141.0 47754 106.5 116.5 4R00.9 4TR9.9
MW-6 l-iin. PYC Well 695690 296320 49165 401926 161.0 47558 117.0 137.0 4799.5 4779.5
MW7 L-in, PWC Well 693209 106726 49174 492011 I77.0 4740.4 1320 142.0 4TR5.4 4T15.4
MW-T l-in. PVC Pezo, 693209 156726 49174 4920.13 I77.0 47404 1023 104.0 4815.1 4B13.4
MMW-8 I-in PVC Well  604B06 297514 19117 4914.37 141.0 4770.7 1150 1153.0 47167 4TRG6.T
MMW.0 Lin PYC Well 603168 196357 49196 4922.11 158.0 4761.6 120.0 130.0 47996 4TEDE
MW I-in. PYC Piezo. 693168 296157 49196 492213 158.0 4761.6 1042 105.7 48154 FUER]
MW-10 Z-in PYC Well 695356 297078 9147 491741 181.0 47317 141.0 1510 477137 47637
MW-10 l-in. PVC Piezo. 695356 297078 4914.7 41741 181.0 47307 T6.5 T80 483182 4836.7
MW-11 Lin PVC Well 694435 2196E54 49149 4817.71 150.5 4764 4 131.0 136.0 47810 47780
MW-11 I-in. P¥C Piera. 654413 296854 49149 4917.712 150.5 4To4.4 1o 113.5 48029 48014
MW-12 2in PYC Well 695107 29733 49130 4915.99 153.0 4760.0 109.0 119.0 48040 4794.0

MW-12 T-in. PVWC Piezo, 695107 297336 4313.0 401599 153.0 47600 148.6 150.3 47644 4762.7



Table 2-9. (contimed).

Land Surface Messuring Point  Total Depth Drilled Well Screen (foolage)  Well Scroen (elevation)
Well Type Northing  Easting _ Elevation Elevation Foolage  Filevation Top Botiom Top Hotlom
MW-13 Zdn PYC Well 693106 296561 49199 4921.99 128.0 47919 100.0 105.0 4819.9 4B14.9
MW-14 Tin PVC Well 691554 206503 4919.1 4921 .60 138.0 4781.1 94.0 104.0 48125 1 4815.1
MW-15 Zn PVC Well 693059 296608 49189 4921.25 1410 47759 13 1313 4807 6 4TRT 6
MW-16 Ldn PYC Well 693173 206648 4919.1 492165 126.0 4791.1 970 1070 48221 48111
MW-17 Zin PYC Well 693129 296622 4918.3 4921.11 810 45371 1817 191.7 47366 47266
MW-17 ln. PVC Piezo. 693129 296611 49183 4921.11 381.0 45373 1618 mas 46545 4644 5
MW-1T7 d-in, Stee]l Well 693129 296621 4318.3 4921.11 a0 453173 3500 IR0 45581 45373
MW-18 Zin. PVC Well 695020  29719) 49140 4917, 4940 4420.0 11315 1218 4R00.5 47905
MW-18 l4n. PYC Well 695020 297193 4914.0 4917.13 494.0 44200 194.0 4140 4520.0 4500.0
MW-18 4-in. PYC Well 695020 297193 4914.0 4917.31 494.0 44200 4585 4T85 4455.5 443155
MW-20 2-in. PYC Well 695568 297309 4915.0 491800 151.5 4761.5 133.2 148 4 4TELR 47666
MW-20 l4n PYC Piezo, 695568 297309 4915.0 4918.00 151.5 4761 5 9.0 106.0 4819.0 4809.0
| USGS-50  4-in Steel Well 695247 296633 491315 491831 405.0 45083 1560 405.0 45575 4508.5

g Hules: 88 = gininless siee]
Fiezo. = piczomeler.




detected abnormally high total dissolved solids (303 mg/L), sodium (25 mg/L), and chloride (81 mg/L)
indicating the water is of waste arigin (Olmsted, 1962). According to Robertson et al. (1974), this was a
reasonable level for the perched proundwater due to the presence of a clay bed “aquitard™ at 113 m
(370 &) bgs.

In the late 1950s, only wells drilled in the northern ICPP encountered the lower perched groundwater
zone. Since 1984, a lower perched groundwater zone has also farmed in the southern ICPP due to disposal of
process waste through the percolation ponds. The location of this lower perched water zone is indicated by
Well MW-17 and borehole neutron logs from Well USGS-531. A discussion of the lower basalt perched water
zone 15 described in Section 2.6.1.3.

2.6.1.1 Alluvium Perched Water. The only extensive perched water identified in the alluvium at the
ICPP, other than beneath surface disposal ponds (i.2., percolation pond and sewage treatment pond), was
encountered west of CPP-603. The source for the perched water was thought 1o be wastewater discharged to
the shallow seepage pit (CPP-02). This disposal pit was in operation from 1952 to 1966 (Robertsen et al.,
1974). In 1963, 27 observation wells were installed m the alluvium to monitor this perched water body.

From 1962 to 1963, the volume of liquid wastes discharged to the pit averaged 37,850 Liday
(10,000 galiday). Morris et al. (1965) calculared thar approximately 37 850 L (10,000 gal) of liquid waste
were contained in the allovium near the pit. Therefore, the shallow perched water body contained
approsamately | day's discharge of waste. Under these conditions, the perched water should quickly reflect
short-term variations i the discharge rates or compositions. A companison of the Sr-90 concentranons on
the discharge to the Sr-90 concentration in the perched water confirms the short-term variations n the water
quality (Marmis et al., 1965).

If the source of recharge to the shallow alluvium perched water was solely due to the discharge pit,
cessation m discharge to the pit should result in a dramatic decrease in the shallow perched water. Use of the
pit was discontinued in October 1966, however, the shallow perched water body had not reflected the
carresponding response by 1970 (Robertson et al,, 1974). The configuration of the post-1966 perched water
body is very sumilar to that of the pre-1966 peniod (Figure 2-17).

Robertson et al. (1974) made a comparison of the Sr-90 and H-3 concentrations in the shallow perched
groundwater for 1963 and 1970 (Figure 2-18). The high Sr-90 concentrations m the 1963 perched water
were the result of large 5r-90 releases to the disposal pit when more than 33 Ci were discharged The 1970
concentrations in the perched water were attributed to either continued mmor discharges or desorption from
sediments of previously discharged and sorbed 5r-90. Tritium concentrations in the perched water indicate 2
significant decrease during the period from 1963 to 1970, The high concentrations jn 1963 reflect the
relatively high volumes of waste discharged to the pit during 1962 and 1963, The decline in H-3
concentrations from 1963 to 1970 is too great to be caused solely by radicactive decay. This information,
combined with an increase m water levels from 1966 to 1970, indicates a nonradicactive source may have
been percolating down and recharging the shallow perched water body, thus diluting the H-3 concentrations.

According to Moms et al. (1965), sewage wastes (nonradioactive) from CPP-603 were discharged to
the pit from a nearby septic tank. It is unkneom hew the volume of sewage discharge compared to the volume
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1970 (Robertson et al, 1974).
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of radicactive wastes discharged to the seepage pit. It was postulated that the sewage discharge may be s
least partially responsible for the existence of the shallow perched water body in 1970. It was also speculated
that prpmng leaks of nonradicactive water may also be contributing to the perched water body in 1970, Since
the construction of the [RFS m 1973, the shallow perched water body has not been monitored and is believed
to have dissipated. From the soil borings and monitoring wells installed during 1993 and 1994, only Well

MW-13 encountered perched water m the alluvium. The water encountered by Well MW-13 is not believed
o be related to the hustorical perched water body because (a) the well is located to the east of the facility and
the historical perched water body was to the west and (b) discharge from the disposal pit ceased in 1966,

2.6.1.2 Upper Basalt Perched Water Zone. Swatigraphy controls the hydrogeclogic characteristics of
the subsurface at the [CPP, partcularly in the formanion and movement of perched groundwater. The
formation of perched groundwater can be attributed to lithologic features contributing to contrasts in the
vertical hydraulic conductivity of basalt lavers and sedimentary interbeds in the unsaturated zone. Cecil et al.
(1991) attnbuted four bithologic features to the formation of perched groundwater at the ICPP. Perched
groundwater can form where (a) a sedimentary interbed with a reduced vertical hydraulic conductivity
mnderiies a more conductive basalt laver, (b) altered baked zones between two basalt flows reduce the
bydraulic conductivity, (c) the presence of dense unfractured basalt having low vertical hydraunlic
conductivity, and (d) sedimentary and chemical filling of fractures near the upper contact of a basalt flow
reduce the vertical hydranlic conductivity.

Based on the perched water data it appears the upper perched groundwater bodies are formed by the
relatively low vertical hydraulic conductivity mn the sedimentary interbeds. Of particular importance to the
formation of perched groumdwater are the “CD," “D," and “DE3" interbeds. Figure 2-19 shows the location
of the upper basalt perched water zone that occurs berween depths of 30.5 and 58 m (100 to 190 fi).

2.6.1.2.1 dorthern ICPP—Twenty-three monitoring wells (ncluding multiple completion wells)
have been installed in the northern ICPP to monitor the upper perched groundwater (1.c., groundwater that
oceurs less than 58 m (190 fi) bgs. Two perched groundwater bodies have been identified in the northem
ICPP. The upper perched groundwater body is present above the “CD"™ and “D interbeds and the lower
perched groumdwater body has been identified on the "DE3" mterbed. According to the lithology, the “CD"
mterbed occurs at depths between 34 and 36 m (1 13- and 119-ft) bgs, the “D™ miterbed occurs at depths
betwesn 3% and 41 m (128- and 135-ft) bgs, and the "DE3" mterbed occurs at depths between 50 and 52 m
(163- and 170-ft) bgs. Based on available information, it appears that the perched groumdwater between the
“CD™ and “D" interbeds is contmmuous over much of the northern ICPP since these interbeds are only
separated by 9 ft. The perched water body and monitormg well completed above the associated mterbed are
as follows:

“CD” Interbed “D" Interbed ~DE3" Interbed
CPP-33-1 CPP-33-3 MW-10 (2-in.)
CPP-33-2 CPP-334 MW-12 (1-in.)
CPP-374 CPP-37-4 MW-20 (2-m.)
CPP-55-06 MW.-3 (Z-m.)

MW-2 (2-in.) MW-4 (2-in.)

MW-3 (1-in.) MW-5 (2-m.)

MW.-E (2-in.) MW6 (2-in.)

MW-11(1-m.) MW-11 (2-m.)

MW-12(2-m.) MW-18 (1-m.)

MW-20 (l-m.)
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Figure 2-18. Approximate extent of the upper basalt perched water bodies at the ICPP.



hlﬁﬁmhﬂlﬁ:hﬂh,ﬂﬂlh{WJ{]in}isﬂmpmu the bottom of the “D" interbed and Well
MW-10(1 n}ﬁmhﬂhnmmwm&“wm Historically, both of thess
wells have been dry.

Tbmmﬂm:mhmhmﬁdmbudyumdﬂhﬁml-linmmm
range from 1,462.2 to 1,476.8 m (4,797.3 to 4 8453 ﬂ}mdrqnumthenmwintahlehrﬂ
throughout the monitoring period as discussed in Section 2.6.1 4 The extent of the perched water above the
“CD"md“D“htu‘badsmﬂmudhﬂﬂsﬁm. Pw:h:dammdnmismhnwnmmﬂm-:thue
interbeds outside the arcas illustrated on the map. Where the perched water bodies overlap (1Le., m the
ﬁlﬁ:itycd'w:ﬂsCPP-33-4,EPP'EE-I,MW—EJ.ﬂ:mregimbﬂnmﬂ:“ED“md' " interbeds is
likedy to be saturated Mmmhm&mm“ the associated interbed. The
hnightnfth:pmh:dgl‘hndwﬁuﬁﬁwﬂ:“ﬂﬂ"nd“ﬂ“hnu’md:umﬂadhFim:r:sLEﬂde-ll,
respectively, MmhﬂpmﬂhﬂTﬂWmﬁ,uﬂmﬁ;lm
mmﬁm,ithuﬁmm&uduwpﬂdﬁmmmﬁ.?ﬂlﬁ'LtﬁlnIﬂ"gﬂ]nf
water,

ﬁnun—wmm:u:imisprmddudinﬁgmez-umﬂhm&mnfummm
the associated perched groundwater. hm:uﬂnnpmnfﬁc:ﬁm{u_,hrh:ﬁ:hﬂwafw:muw-dmd
CPP 55-08), the * "mw'mmhm:mﬁnmwﬁgmmm“m"mmmm
Mmmmmwumfmmmmwmmmﬁ
water, mwmmhﬂm&mmﬁhﬂnﬁuﬂs@nﬂﬁmﬂﬂyl?m{?m

Mmhmlﬂnnmﬁmtwﬂmmhmmmpmﬁngmm
the upper basalt perched water body in the northern ICPP. The sewage treatment ponds, located east of the
facility, provide approximately 4.73 = 10° L (1.25 = 10° gal) per month of re harge to this perched water
body. This recharge has resulted in a water table elevation of 1,476.8 m (4,845 ft) m the well (CPP-MON-P-
024) completed near the sewage treatment ponds. In the western partion of the perched water body and
bmﬂhﬂmmmpuﬁmufﬂ::ﬁdﬁty,ﬂdmg:&mmmhmmﬂﬂﬂiﬂhuﬁﬂiﬂ:mimmm
table clevation of 1,468 4 m (4,817.5 ) in well CPP-33-2. Between the castern and western partions of the
upper perched water body, the average groundwater elevation is 14658 m (4,809.2) ft in Well CPP-374
Thas water table configuration indicates separate sources of water providing recharge to the eastern and
mmdmw@mmmmmmmmmmmm.f
any, impact upon the western portion of this perched water body.

mwwwmmm,.mmmmmm
udentified at a depth of approximately 140 ft bgs. This groundwater appears to be the result of the “DE3™
mierbed, which occurs between 163 and 169 ft bgs in the northern [CPP. Only three wells [MW-10 (2-m.),
MW-ll{l-in.},mde-IH{I-in.}]mmphndh‘&dapnnﬁadmmdy. Basad upon
monitormg data, the water table elevation within this perched water zone varies from 14536t0 1 4566m
{4,769 10 4,779 fi). Th;uﬂmmdmmmdmﬁhbhdﬂlﬁmﬂ:dﬁ:wdndmbcdyhpwvﬂ:dh
Figure 2.23, Mmumpmﬁmrmmmmmlwﬁm
saturation, it 15 estmated that the middle perched water zone contains 14.§ « 1P L (3.9 = 10° gal) of water.

2.6.1.2.2 Southern ICPP—The upper perched water bodies identified in the southern [CPP are

shown in Figure 2-19. mmmmmu&m&mmummﬂ
monitored by wells PW-1 through PW-6. In the vicinity of CPP-603, six wells (MW-7, MW-9, and MW-13
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Figure 2-20. Elevation of water above the “CD” interbed in the northern ICPF.
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Figure 2-21. Elevabon of water above the “D” interbed in the northern ICPP.
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Figure 2-23  Approxamate extent of the perched groundwater above the “DE3" interbed.
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through MW-16) were nstalled to monitor perched water on the upper interbed that is present between 33 5-
and 39.6-m (110- and 130-ft) bgs. One riple completion well (MW-17) was instalied to monitor for perched
waler on 2 decper mierbed ccowming approsumately 57.9 m (190 ft) bgs.

An sxensive perched water body on the upper interbed has not been identified in the vicinity of
CPP-603, Only three wells (MW-7, MW-9, and MW-15) have detected water on the upper interbed, and the
remaining three wells (MW-13, MW-14, and MW-16) are dry. Other than MW- 15, only mmimal water has
been encountered with the height of water above the mterbed less than 1.2 m (4 ft) during every measuring
cvent.

Wells PW-1 through PW-6 were mstalled adjacent to the percolation ponds to monitor the perched
groundwater beneath the ponds. Figure 2-24 provides the hydrographs for these wells duning the period from
Septzmber 1986 through earty 1994, As shown in this figure, a similar fluctuation in the water level is
observed for Weils PW-1, PW-3, and FW-6 indicatng these wells are effective in monitoring infiltration
from the western percolation pond.  The water level fluctuation in Well PW-4 is opposite to the response
observed in Wells PW-1, PW-3, and PW-6, indicating this well monitors infiltration from the eastern
percolation pond.  The water level fluctuations i Wells PW-2 and PW-5 are fairty consistent indicating these
wells are influenced by discharge to cither pond.

2.6.1.3 Lower Basalt Perched Water Zone. A lower perched groundwater zone has been identified to
occur m the basalt between 97.5- and 128-m (320- and 420-ft) bgs. This water was first discovered in 1956
whule drilling Well USG5-40 where perched groundwater was encountered at a depth of 106 m (348 ft)
(Robertson et al., 1974). Since then, groundwater has been encountered in this zone during the drilling of
Wells USG5-41, USG5-43, USG5-44, USGS-50, USGS-52, MW-1, MW-17, and MW-18. Table 2-10
summarizes the availabl: data from the USGS wells concerning the deep perched groundwater zone.,
Borehole neutron logs ran in 1993 indicate perched water may still be present in this zone from Wells
USGS-40, USGS-43, USGS5-46, USGS-51, and USGS-52,

Omnly four wells are completed in the lower perched water zone that presently monitor water level
changes. Wells MW-1, MW-18, and USGS-50 are completed in the northern partion of the facility having
encountered water at approximatety 85, 107.5, and 101 m (322, 407, and 383-fi) bgs, respectively. In the
southern partion of the facility, onty Well MW-17 is completed m the lower perched water zone where water
1s encountered ai a depth of approximately 96-m (364-ft) bgs. Based upon water quality mformation, the
deep perched groundwater encountered by Well MW-17 is the result of discharge to the percolation pands,

Sumilar to the upper basalt perched water zone, the lower perched waler zone is thought to be formed by
groundwater has formed primarily on the “DER" mterbed. The top of this interbed occurs beneath the ICPP
at depths ranging from 101 to 112.5 m (383 to 426 ft) bgs. In the western portion of the facility, however,
the “DES" mterbed 1s responsible for creatmg perched groundwater associated with Wells USGS-40 and
USG5-43. Table 2-11 provides a summary of the perching layer, depth to water, and water table elevation
for the wells that encountered lower perched groundwater. The extent of the lower perched groundwater and
approvamate slevation of the water table is shown in Figure 2-25. [t should be noted that these data contain a
huigh degree of uncertamty since they consist of a combination of original drillers logs (some dating back
40 years), geophysical borehole logs, and monitoring wells that are completed in this zone.
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Table 2-10. Depth of perched water zones encountered during the drilling of wells arcund the ICPP

(Robertson et al., 1974).
Depth of perching
Well Depths to perched Characteristics of clay layer
number Date drilled water (ft) the water (ft)
USGS-40 September, 1956 348 (rose o 340) hagh Na*, CI 370
USGS5-41 December, 1956 396 (rose o 384) high CI Unbmown
USCGS5-43 March, 1957 367 (rose to 362) background 370
E A
composition
USGS-44 September, 1957 385 background Unknown
groundwater
compasiton
USGS-50 September, 1959 B4 1107
126 high sodum, p 135
activity, Ru- 106,
Rh-106 present
Deepened to 3%0 high H-3 392
405 #t
October, 1962
USGS-52 December, 1959 174 shightly high Na®, 195
high P and y
activity, [-131,
Ru-106,
Rb-106 present
Decpened to 320 345
650 ft
October, 1960
385 slightly high Na*, 410
high [ activity,
Ru-106 present




Table 2-11. Perched layer, depth to water, and water table clevation for the wells encountering water in the

lower perched water zone.
Water Table
Water Level Perching Layer Elevation
Well ft bis Year Interbed Depth (ft AMSL)

USGS5-40 340 1956 DEGS 368-383 4,576
USGS-41 384 1956 DE8 406-430 4,533
USGS-43 362 1957 DES6 368-376 4 554
USGS-44 385 1857 DE8 410 4534
UsSGS-50 383 1985 DEs8 396-405 2 4535
UsSGS-51 270 1986 DE6 384-400 4 686
UsGsS-52 385 1860 DEB 416-425 4 525
MW-1 322 18985  Unknown Unknown 4 587
MW-17 364 1885 DES8 >381 4,557
MW-18 407 1995 DEE  412.7-423.2 4,553
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As shown in Figure 2-25, the lower perched water zone is probably not continuous beneath the entire
facility, and may actually consist of several individual perched water bodies. The north-south separation of
the lower perched water bodies is based on the lack of perched groundwater (either through drilling or
subsequent neutron logging) identified m Wells USGS-42, 45, 47, 48, and 49, Based on input parameters
used in the Tetrad groundwater model, and assuming | 00% water saturation, it is estimated that the deep
perched water zone contains 20.4 = 10°PL (5.4 = 10° gal) of water. Recharge to the southern perched water
body is from wastewater discharged to the percolation ponds. The source of recharge to the western pertion
of the porthern perched water body is unknown.

Water levels m this lower perched water zone have been monitored since the early 1960°s i Well
USGS-50 (Figure 2-26). Other than during the late 1960's and earty 1970's, the water level in this well has
been farty consistent. The water level during this period generally ranged between 1,381 and 1384 m
(4,530 and 4,540 ft) amsl. In the late 1960"s/earty 1970"s; however, the water level mereased by
approximately 27 .4 m (%0 ft) i response to failure of the ICPP injection well. During this period, wastewater
was discharged directly to the vadose zone from the ICPP imjection well at a reported depth of 68.9 m
(226 ft) bgs.

The presence of a deep perched groundwater zone beneath the percolation ponds is indicated by the
barehole neutron response from Wells USGS-51 and MW-17. Figure 2-27 shows the natural gamma log,
stratigraphy, and epithermal newtron logs ran in 1984, 1985, and 1986 for Well USGS-51. Deflections of the
neutron Jog to the lefi indicate increases m moisture coatent.  As shown m this figure, two zones illustrate
significantly mereasmg moisture content since the percolation ponds were placed into service on February
1984. These two zones ocour from 44.2 to 54.3 m (145 to 178 ft) and 83.5 to 101 m (274- to 332-ft) bes.
The upper perched water zone 15 currently being menitored by the PW-series wells. Well MW-17 (4-in.) is
compleied m the lower perched water zone.

2.6.1.4 Water Level Fluctuation. Thirty-two wells have been installed to monitor the water level
fluctuations m the perched groundwater beneath the ICPP. Several piczometers have been completed in
conjunction with the perched water wells, resulting in 44 different monitoring miervals. If water was present
m the well following completion, the well was usually equipped with a pressure transducer and data logger to
automancally monmor changes in the water level. Table 2-12 describes the well, monitoring period, number
of measurements, and general statistics concerning the water level elevation for the wells being monitored.
Concurrent with the automatic monitoring of selected wells, complete rounds of water level measurements
have been recorded for all the perched water wells. A summary of the water level data from these measuring
events is provided im Table 2-13,

Hydrographs for the nine perched water wells completed in the northern ICPP are provided
Figare 2-28. Figure 2-29 shows the same well hydrographs grouped according to similar water level patterns.
Data presented m these hydrographs were collected between Jannary 1993 and October 1995 and represent
the majonity of perched water monitorng at the ICPP. Individual hydrographs for each of these wells are
presented m Appendix B. Several water-level fluctuation patterns are shown in the hydrographs presented in
Figure 2-29 and are discussed below:

*  Wells CPP-33-4, CPP-374, and MW-4 show similar water-level fluctuation patterns. During
1954, water level elevations were highest in March, and decreased during the summer and
remained relatrvely constant for the remamder of the year, Well CPP-33-4 showed a rise in water
level during the November and December of 1994. Water levels increased from Janmary 1995 to
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Figure 2-25. Approximate extent of the lower perched groundwater zone.
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Figure 2-26. Hydrograph for Well USGS-50 (USGS records).
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Figure 2-27. Natural gamma log, stratigraphy, and newtron logs for Well USGS-51 (Cecil et al., 1991)
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Table 2-12. Summary of the water level monitoring data from the perched water wells equipped with data
loggers.

Min M Y

Number of water level water level water level
Well Period of record  measurements (ft amsl) {ft amsl) (ft amsl)
CFP 33-2 12/92-10v55 973 4811.14 4,820.68 481753
CPP 33-3 1/93-10/95 962 4,794.02 4,802.25 4,799.05
CFP 334 1/93-10/95 672 4 800.11 481551 4 E10.83
CPP 374 9/92-10/95 481 4 806 52 481282 480921
CPP 55-06 10/92-10/95 1,000 4 802.10 481052 430661
MW-1 6/95-11/95 a42 4 59507 4,602 89 4 50897
MW.-2 294-10/95 588 4 804.72 4,809 85 480714
MW-4 2/94-10/95 606 4,804.64 4.810.04 4,806 65
MW-5 3/M04-5/95 559 4 80334 4 BOB 98 480561
MW.-6 29410195 608 479214 4 804 79 479732
MW-20 6/95-9/95 539 4.779.56 4,781 44 478053
USGS-50 6/95-11/95 943 4,524.02 4,534 80 4,533.05




08I

Table 2-13. Summary of water level data from the perched water wells.

[r—T My 1994 Augal 1794 Sepl 1954 - Jan 1997 May 1993

Dwignation  Cansirection Fibls Elotion FrinWell Fibls  Elevation FiinWell Fibls  Elovstion FlinWell  Fibls Elewafion Fiin Well  Fibl  Blsatlon FUin Wall
CFP 331 - 55 Wl Diry(1} HA HA Dyl 1} HA HA Dyl HA MA Diry HA MA #A1 ARITAT L7
CPP 331 e 28 Well (LTS I TN 3 .47 SIS0 BN L2 &7 406,78 [ R #AS  AEEST i 140 ARITHT #4331
CFP333  Toin 83 Well 1i7ey  afsam &3 1 4Tl &4l 178 ateeas &y LN T [ TN F 912 1Ie3y 4797580 .00
CPP I3l Len 853 'Well ([T T R TN [EIE] IOLSE  dmlLAd 1n.m IS0 AE0T.A) 1.7 ([ xR (ER ] W2Es  ANLL1E 1784
CPP AT Ledn 85 Well 166 dBbEDD 6.0 0560 490706 19 1621 ABDEAS i V0B ABDE.06 A L0380 4PORBE M
CFP 3306 T-in. 53 Well 10642  4B0&0 L 10858 490463 &3 1048 4B2.TY 4x 693 asa 178 0623 ABDG.5E L
W-] i PVCWHl  JILIZ GBI 20063 1M 439724 16.74 LF L L 4,42 I A LR ] ek QLK AT
bW-1 I-in. FVC Fisae. HE HA HA Dy HA HA Dy HA HA Dy HA HA Dy HA MA
MW T PYC Wl 10707 4BMLE 113 IeEE  AED62) a1l Dy HA. HA WL e - 10748 aRdEED 159
MW-1 - PVC Wl Dy HA HA Diry MA HA Diry Ha Ha Dy HA Hi Dy HA MA
MW-3 I-im. FVC Pisa, MR HA MA Dy HA HA Iy HA M4 Dy HA Ha Dy HA HA
BV -d Telm PV Well Dy HA Hi& Diry HA HA Dy HA HA Dy HA HA 1030 as0das .56
bW I-im. FYC Plaen. HR HA HA R HA HA Dy HA HA Dey HA HA I3 ATELET e
MW-3 T-in FVCWell 11052 480734 1743 113 ez 16l 11502 asod.1d 142 11536  am039l 4 (57 T 1107
MW-§ Tin FVCWell 1M amam 1343 [ Fip s By ] 1131 T1677  asblaew el 1660 480266 1304 1127 47965 17,04
w3 T FVCWell 14103 47TAM im MBS ATTRN i MLTS AT 18 13431 47E5E1 1l Dy M4 Ha
T In, FVC Fiess. MR HA HA ME HA WA D1} MA HA (] HA MA Dy HA HA
LR Ldn. FVC Well Dey HA H& Dy HA HA Dy HA NA ey M MHA Dy HA HA
M-S 2ein. FVC Wall 129801 4MLEY im Dyl HA HA 1238 dTe 0.1 HLET AT .4 Ty HA HA
2L l=in. PVC Plezs. MR, HA HA MR HA MA Dy MHA HA Dy HA NA vy HA MHA
LY L] 2-in. PVC Wall Dy HA HA HA HA HA W1 dTmaz B2 HILAT 4718 12,4 HLIZ M 159
L L] I-in. PVC Piaza, MR MR HE HE, HA M Diry HA HaA Dy HA HA TIZ  AEAB .59
MIW-11 T FVCWall  [3RAE  4TTRM s 1372 4TELIE LH 1eEr 4T LT Dry HA MA Dy HA HA
b0 1 I-in. PVC Pisza. HR MR MR MR HA HA Dy HA HA Dy HA HA Dy HA HA
MIW-12 T, FVC Welll Diry HA HA Dy HA Ha, Dvy HA HA Dy HA M vy HA MA
MW-12 I-in. FVC Fiszn, MR MR MR MR HA HA Dy HA HA Dey HA MA 158 4T o
BW- 13 T FVC Well MR HR MR HR MR MR HE R MR Dy M M Dy MA Ha
MW-14 - PVC Well MR HR HE. MR MR HE HR HR MR Ly HA HA Diey Ma HA
BIW-13 i FYC Wall MR HR MR MR HE MR HE HR MR 1.5 g i 1ILE T 1o
MW L6 -l FVC Well MR HR MR HE HR R MR HE MR Dy MA HA Ty HA MA
W17 T-in. PYC Well MR HR MR HE HR ] HE HE HE 1905 4706 4ol 937 4TI FRTI
MW-17 l-in. FYC Pisra. MR HR MR HE HE MR HE MR HE Dy HA HA Diry HA HA
MW-17 d-in. Brec] Wall MR HR HR HR HE HE MR MR HR MAM a5 19.51 MM a3ssa 1201
MW-18 Z-in. FYC Wall MR HR MR HE HE HE HE MR HR Diry MA, M I35 4w 247
B{W-1E I-in. F¥C Wall : T adieeE e 078 430870 .70
W-18 d-in. FYC Well HR HR HR i HE. HE HR HR MR HELEY A 1086 4 19 8803 1762
ROW-20 T-n. FVE Well MR MR, W MR MR R MR MR MR 196686 4TTRAS  1LED 13733 J7TEOET 0T
Lw-30 Idn F¥C Pisza. MR HR HR MR HE MR HR W HE. Dy HA HA 10934 JdBEEE 000

HE - nol reporied.
HA - pol wvailabla
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the highest level durmg May 1995, The water level fluctuations at these wells appear to be
caused by recharge from both spring snowmelt and increased runofY in the Big Lost River as
indicated by the June water level increases. The hydrograph for well MW-2 shows the watsr-level
elevation of about 4805 ft ms] between July 1994 and February 1995, which was caused by the
water level falling below the transducer.

»  Similar water-level responses are shown by wells 55-06, MW-2, and MW-5. Water levels
months. These water-level patterns are largely attributed to the steam injection vents, where
excess steam is discharged to the subsurface. The hydrograph for well MW-2 shows the water-
level elevation of 4,805 ft msl between May and November 1994 which was caused by the water
level falling below the transducer,

= Wells MW-6 and CPP-33-3 also exhibit similar water-level fluctuations. Both wells show an
apparent seasonal water-level increase and decrease between July and October for each of the
years monitored. The water level increase during this period is about 8 feet for well MW-6 and
3 feet for well 33-3. These apparent seasonal responses can not be attributed to any known plant
operations. The water-level fluctuations may suggest a local lag in groundwater recharge,
resulting from spring snowmelt, to the area where these wells are completed. The permeability of
the C interbed at well MW-6 is about two orders of magnitude less than the C-interbed at the
adjacent well MW-3 which might account for the apparent lag.

*  Water-levels in well CPP 33-2 are not similar to most of the other perched water wells. This well
exhibits relatively rapid responses to recharge events as shown in the hydrograph presented in
Figure 2-28. The hydrograph presented in Appendix B is difficult to evaluate but appears to
show a general pattern of higher water levels during the spring and lower or more constant water
levels during the winter, The highest water levels sccurred during late spring and summer of
1993 which was a much wetier period than average. About 6 inches of precipitation (Table 2-1)
occurred between Apnl and June 1993, The lowest measured water levels occurred during late
September 1995, which was also during a period of much lower than average precipitation,

Correlation between pairs of water level data was also performed using the Pearson product-moment
test. This procedure is used to calculate the strength of a linear relationship between two variables on a scale
of -1 1o +1. These coefficients cormespond to a perfect negative correlation for -1 and a perfect positive
correlation for +1. A coefficient near 0 indicates no linear relationship between the variables. The equation
used to calculate the coefficients is as follows:

re v __ ' @1
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Sy =  sum of column x multiplied by the sum of column y squared
S =  sumof column x multiplied by the sum of column x squared
S, = sumof column y multiplied by the sum of column v squared.

The results of the Pearson product-moment correlation for the perched water wells in the northern ICPP
is provided in Table 2-14. The best positive correlation is observed between Wells CPP 55-06 and MW-2
(0.96), followed by Wells CPP 37-4 and MW-4 (0.93). Good positive correlation is also observed between
Wells CPP 374 and MW.-5 (0.88), Wells CPP 33-4 and CPP 37-4 (0.84), Wells CPP 33-4 and MW-4
(0.81), and Wells CPP 33-4 and MW-5 (0.80). These wells are located in the northeastern partion of the
facility indicating a similar source of recharge to these wells. Poor carrelation is observed from the wells
located in the western portion of the facility (CPP 33-2, CPP 33-3, and MW-6) to the wells located to the
cast. This variation in the water level response indicates two separate sources of recharge to the northern
perched water body: one water source providing recharge to the western portion (ie., in the vicinity of
Wells CPP 33-2, CPP 33-3, and MW-6) and the other source providing recharpe to the eastern portion (ie.,
in the vicinity of Wells CPP 334, CPP 37-4, CPP 55-06, MW-2, MW-4, and MW-6).

2.6.1.4.1 Barometric Pressure Effects—Barometric efficiency, which is the response in water
level change to change in barometric pressure, was examined in the perched water monitoring wells at ICPP,
Barometric efficiency may be as high as 80% (Ground Water Manual), and is estimated using the
relationship B=dH/dpA, where B is the barometric efficiency, dH is the change in water elevation in 2
monitoring well, and dpA is the change in air pressure expressed as equivalent feet of water. Daily water
level and barometric pressure readings in April 1994 were used because the general trend for water levels in
each perched water monitoring well was relatively uneventful and appeared to be less afferted by influences
other than barometric pressure.

Wmhﬂﬂmmm&ﬂ:ﬁ“ﬁﬂhﬁmﬂpﬂdm%m’nhb&m
pressure, while other wells were either insensitive to air pressure variation or the response was masked by
other influences. Well CPP 33-3 exhibited an excellent correlation between water fluid level and barometric
pressure, indicating local confinement in this area. Water level fluctuations from Well MW-5 displayed good
correlation with barometric changes throughout the first several weeks of April, implying some local
confmement for the perched water in this area. There was a significant rise in water level during the fourth
weck of April in Well MW-5 in excess of that due to barometric pressure alone. Well CPP 55-06 also had
good correlation during the first several weeks of April, whereas the last 2 weeks of water level fluctuations
were not as correlatable to barometric pressure. Wells CPP 33-2 and MW-6 demonstrated significant
changes in water levels, frequently in excess of 100% efficiency, indicating something other than barometric
pressure may be influencing the local fluid level behavior. Wells CPP 33-4 and MW-2 extubited
considerably lower barometric efficiency than did Weils CPP 33-3 and MW-5, however, the data are in the
range normally observed in confined water aquifer systems, suggesting confinement of perched water may
also be occurring in the vicinity of these wells.

Figures 2 through 8 in Appendix B display water levels in perched water wells and also barometric

pressure expressed in equivalent feet of head. Table 2-15 provides a summary of the estimates of barometric
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Table 2-14. Pearson correlation coefficient for the perched water wells.

33-2 33-3 334 17-4 3506 MW-2 W4 MW-5 MW -6

33-2 X =0.565 0.15 0.02 0.07 0.08 0.02 0.36 035
333 0,65 X .25 0.0 ~0.42 <[.34 0.000 -1.34 0,50
334 0.15 0.25 X D.ﬁ 0T 0.74 0.81 0.EQ 0.a7
374 0.02 0.04 0.84 X 0.54 0.65 0.93 0,88 .46
35-06 0.a7 =042 .71 Q.54 X 0.96 0.64 0.57 -0.10
MW-2 .08 -0.34 .74 .69 056 X 0.75 0.70 0.02
MW 0.02 0.00 0.81 093 0.64 0.75 X 0.84 0.32
MW-5 0.34 .34 0.80 0.B8 0.57 0.70 0.84 X 0.10
MW-6 .35 0.50 0.07 0.48 =010 .02 032 0.10 X

2.6.1.5 Big Lost River Effects. The Big Lost River is located directly to the north of the ICPP. Surface
mﬂmﬁn&ﬂﬂ@hhmﬁdwﬁ:IﬂPFuhlﬂwﬁB&uﬁﬂmﬁmsuﬁm
located adjacent to the bridge. Typically, no flow is observed in the Big Lost River near the ICPP. During
the past 5 years, however, flow was observed at the Lincoln Boulevard gauging station twice. The first time
occurred during June, 1993 where flow in the Big Lost River lasted for approximately 3 weeks. No response
wuuhmmdhmynfﬁ:umhuﬂpuﬂmdwﬂunﬂhmﬂﬁngﬁ‘m:hﬂ]?ﬁmﬂnwlnlh:ﬂig
Lost River (Figure 2-30).

Hmﬂkﬂiglmﬁmmtpﬂﬂ“ﬁ&[ﬂnhmm station from June 6
August 9, 1995, which is a span of 64 days. During this period flows were 16,010 acre/ft (June),
22,310 acre/ft (July) and 955 acre/ft (August). An evaluation of the water level response in the perched
groundwater to the Big Lost River flow is therefore based on the duration of flow rather than the flow
measurements at the gauging station. Figure 2-31 provides hydrographs for wells completed in the upper
perched water zone and flow duration for the Big Lost River at the Lincoln Boalevard gauging station.

Of the nine wells completed in the upper perched groundwater zone in the northern ICPP, response to
flows in the Big Lost River was observed i seven wells (CPP 33-4, CPP 37-4, CPP 55-06, MW-2, MW -4,
MW.-5, and MW-6). According to the monitoring data, changes in water level were observed to occur
between 3 and 9 days following flow in Big Lost River. The average response time was 5.2 days. The
maimum increase in water level was observed in Well CPP 33-4 at 0.6 m (2.4 ft). An average increase in
the water level for all wells was 0.3 m (1.2 ff). An estimated travel time for the water to move from the Big
Laost River to the upper perched groundwater was calculated based upon the distance between the well and the
river and the amount of time elapsed until a response was observed in the well. The estimated travel time
from the Big Lost River to the upper perched water zone varied between 64.5 to 220 m/day (244 to
834 ft/day) with an average of 121 m/day (459 fi/day). Table 2-16 provides a summary of the water level
response attributed to the Big Lost River.

The effects of the Big Lost River were monitored in the lower perched groundwater zone as shown in

Figure 2-32. Wells MW-1 and USGS-50 are completed in lower perched groundwater zones at depths of
approximately 85 and 100 m (322 and 380 ft), respectively. The water level increased throughout the
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Table 2-16. Smydmmﬁmmwmmﬁml-:inhmﬁ[mﬂi?m

Well distance Depth to Water level Water level Estimated

to BLE water increase response travel"

Well (fieet) (£t bgs) (Feet) (days) (ft/dary)
CPP 33-4 1,429 99 24 3 477
CPP 374 2286 101 23 3 763
CPP 55-06 2,500 104 0.3 9 278
MW-2 2,143 104 0.4 6 358
MW-4 2,500 102 0.9 3 B34
MW.5 2,071 109 0.5 B 239
MW.-4 1,214 119 1.9 5 244
Average 459

L Rate sassuming straight line,

monitaring period for both of these wells. Since historical data are not available, it is uncertain whether this
increase in water level is attributable 1o the Big Lost River or some other factor.

2.6.1.6 Physical and Hydroicgic Properties (Perched Water Zone). Aquifer tests have been
performed on nine wells completed in the upper perched water zone. Single well pumping tests using the
drawdown and recovery data were performed on Wells CPP 33-2, CPP 33-3, CPP 33-4, and CPP 55-06.
Saturated zone hydraulic conductivities were calculated using the Cooper-Jacob analytical technique
(Hubbell, 1992 and Bishop, 1992). Slug tests were performed on Wells MW-1, MW-2, MW-4, MW-5_ and
MW-6. These data were also evaluated using the Cooper-Jacob analytical technique to determine the
saturated zone hvdralic conductivities. A 22-hr pumping test was also performed on Well MW-5 1o
determine the saturated zone hydraulic conductivity and the response from surrounding wells completed in the
upper perched groundwater zone,

Field aquifer tests were performed to determine the hydraulic conductivities for both basalts and
sedimentary interbeds (Table 2-17). Hydraulic conductivities determined in the field were fairty consistent,
varying only over two orders of magnitude. Field hydraulic conductivities ranged from 3.9 x 10% 10
29 = 107 em/s (0.11 to 8.3 fi/day) with an average of 1.2 = 107 em/s (3.3 ft'day). As shown in Table 2-17,
significant differences in hydraulic conductivitics were not observed between tests performed on basalts
versus tests performed on sedimentary interbeds.

Laberatory testing of the interbed samples was performed to determine the physical properties of the
vanous interbeds. During the drilling operation, interbed samples were obtained from Wells MW-3, MW-4,
MW-5, MW-6, MW-7, MW-8, MW-9, and MW.-10 (Table 2-18). This table presents a summary of the field
data and laboratory results including depth, soil type (from logbooks), moisture content, density, porosity,
and saturated hydraulic conductivity., Additionally, this information is grouped by depth into three different
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Figure 2-32 Big Lost River discharge vs. lower perched groundwater levels (1995).
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Table 2-17. Resulls of perched water aquifer tests at the ICPP.

Test 2ome Hydraulic conductivity
Well (ft bgs) Test type Material cm/sec fi/day

CPP 33-2 978-1058  Pumping/Recovery  Basalt 1.3 = 10? 50

CPP 33-3 111.2-121.8  Pumping/Recovery  Basalt 9.5 = 10 27

CPP 33-4 103.7-1182  Pumping/Recovery  Basalt 2.9 = 10” (average) 6.9 (average)

CPP 55-06 1052-113.1  PumpingRecovery  Basalt 42 = 10* 1.2

MW-1 326-336 Slug Baszalt 2« 10" 0.57

MW-2 1079-112  Shg Sandy clay interbed 1.8 = 107" (average) 5.1 (mverage)

MW-4 104.6-1106  Shug Silty sand and gravel interbed 19 = 10* 0.11

MW-5 115-126.5  Slug Basalt with small sandy clay interbeds 1.1 = 10°* 3.1

MW.-5 110.8-126.5  22-hr Pumping Test  Basalt with small sandy clay interbeds 1.3 = 107 36

MW.-6 140-151 Slug Silty sand, fine grained interbed 1.3 = 10 (average) 3.7 (average)
Average (basalts)* 1.2 = 10° 35
Average (interbeds)* 1.0 x 107 3.0
Average (all tests) 1.3 x 10 33

& Average is based on Wells CPP 33-2, CPP 33-3, CPP 13-4, CPP 55-06, MW-1, and MW.5

b. Average is based on Wells MW-2, MW-4, and MW-6.
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Table 2-18. Laboratory testing results for the ICPP interbed samples,

Indlss] mcdstire eontent

Divy bulk Calculuted
Deepily Boil type Chrwvimetrie Volumetria denmty poroaity Ksal

Well (feet) Interbed (loghooks) (g'e) (% eoice) {a/cc) (%) (cm/sec)
MW-3 117-1193 cD nillty clay 23 425 1329 52.5 B.SE-0F
M4 108 - 1003 CD nilty sand and gravel 59 49.2 1.37 50.2 1.68-03
MW-T 113.5-114.5 cpD wilt with fine gravel n kv L] 144 47.0 13B-03
MW-8 122.3-123.7 D cluy wilh sili 80 412 1.51 450 1. 1E-015
MW-10 11a3-111 ch sandly sill 395 50.2 1.27 54.0 1. 0E-03
MW-11 113.7-1153 co silty sand 9.5 417 148 459 1 2B-0%
MW 105.1-105.6 CD ailf LER | 514 (W] b T8 ] I2B-05
MW 105 .6-106.8 CIy uilt 0.8 568 .12 0.9 6. TE-08
MW-& 1o-111 co elay 114 48.3 1.45 78 A0E07
MW.9 e112s cD cluy wilk sili s 30.1 105 614 21.E03
Average M5 447 133 50.9 36104

MW-11 135.4-138 D clay 181 312 1.83 EEN] 5 2E-0R
MW-3 138-139 silty clay 21.6 309 143 47.1 BIE-O4
W6 142-143 D nilty elay 114 304 1.36 49.5 1IR3
M-8 148.7-149.4 DE2 it with clay 81 12.7 134 503 3 4H03
Averege 179 269 1.48 4456 16BN

MW-1 231.7-232.3 . DE4 sard with wilf 15.7 4.8 1.59 411 JIE-04




classes (ie., interbeds “CD,” “D,” and “DE2™). The depths are approximately 33.5, 42.7, and 70.1 m (1 10-,
140-, and 230-1) bgs. A complete discussion of the sampie collection and laboratory data package is
described i Jnterim Data Results From the FY 93/94 Perched Ground Warer Investigation (February 18,
1994),

The range of hydraulic conductivities determined from the field aquifer tests are within the range of
hydraulic conductivities measured in the laboratory. The average hydraulic conductivity determined from the
field tests is 1.2 « 107" emv's (3.3 ft/day) compared to an average of 6.9 * 10 cm/s (1.96 ft/day) determined
from the laboratory tests. Some of the difference between the two hydraulic conductivities may be attributed
to the fact that the field tests measured horizontal hydraulic conductivity whereas the labaratory tests
measured verucal hydraulic conductivity, Typically, horizontal hydraulic conductivities are higher than the
cormesponding vertical hydraulic conductivities.

Good correlation in the hydraulic conductivity values occurred from the boreholes where both field and
laboratory measurements were performed. From the same zone in Well MW-4, the average hydraulic
mﬂui:yddﬂminndhfn:llhﬂmywulllﬂlﬂ"mh{lllﬁ.fdl}*}mpnudmfhtfﬁddﬂﬂtﬁmi
value of 3.9 = 10 cm/s (0.11 f/day). Similarly in Well MW-6, the hydraulic conductivity determined in the
laboratory was 2.2 = 10 cm/s (6.2 fi/day) compared to the field determined value of 1.3 = 107 cmis
(3.7 fi/day). These two wells are the only locations where both field and laboratory measurements were
performed.

The physical property data collected from the interbeds at the ICPP were compared to similar data
collected at other INEEL facilities (Table 2-19). This table provides minimum, macimum, and averags
values of saturated hydranlic conductivity, density, porosity, and Van Genuchten parameters for the three
ICPP interbeds and interbeds at the TRA and RWMC. A significant range of values is apparcnt in this table,
however, the physical properties data collected on the ICPP interbeds are in good agreement with the data
collected at other INEEL facilities.

2.6.1.6.1 MW-5 Pumping Test Results—A constant rate pumping test was performed on Well
MW.3, which is completed in the upper perched groundwater zone. The well was pumped at a rate of
11.4 L/min (3 m}fuﬂhﬂn‘wﬁnﬁ.ﬁ:mmﬂmﬂuﬂ‘uﬂhnﬂrhﬁmm
monitored. Figure 2-33 provides the drawdown and recovery data for the test. In addition to monitoring the
pumping well, water levels in wells MW-2, MW-4, MW-6, CPP 33-2, CPP 33-3, CPP 33-4, CPP 374, and
CPP 55-06 were recorded at 1-min intervals throughout the duration of the test.

Fmﬁ:ﬂnﬂﬂﬂuhmmmWﬂL{W-imﬁﬂrmmmdw'
curve where the rate of drawdown decreases exponentially. An increase in drawdown was noted for the next
100 minutes where a maximum drawdown of approximately 3 m (10 ft) was recorded at 500 min into the
test. The additional 2 feet of drawdown observed at approcimately 500 minutes into the test probably
represents a local boundary condition caused by a much lower permeability stratum of interbed material
which could not provide sufficient recharge 1o the well at the constant discharge rate. Water levels in Well
MW-5 increased for the next 100 minutes to a drawdown of 2.4 m (8 ft). This level corresponds to the level
that would have been expected if the water level response were to follow a “Theis-type™ response.
mnwwmﬂmm{mmlem}wmmquhw
assuming a “Theis-type” response. The increased drawdown in the middle portion of the test may be the
result of local boundary effects caused by heterogenous sedimentary interbed material  The well recovered to
approximatedy 0.2 m (0.5 ft) of the prepumping levels and maintained the constant level for several days.
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Table 2-18. Comparison of the physical properties data for the interbeds from ICPP, TRA, and RWMC.

Wi Oenuchien Paramelers
Approx Dy bulk — T
Interbed o deplh Kant denity Sal. waler Rea. waler
_INEEL facility () (emisee) {@ee) Poscaity canlent conlent alphs n r-aguined
“COF interbed il 1.7E-8% 1.33 0.5 LT T T T 06075 1.43 (10
{runge of walucs) OEOTee LIEDT) (10500 1.31) (45,010 61.4) (0.AY b0 0.64) 0 (0001 by 0.25) (112 b0 2.70) (088 b 1.00)
I irerbed 140 1. 3E-04 148 (T 046 0.0036 024 163 057
[rarpe of values) (SIE-08 10 JAED) (1345 ).03) (I bo $0.3) 03610 0.55)  (000W0AT) (00021 ke 00TE) (1304 2.71) (095 da 05}
deep interhed 10 IR0 149 . 4y (T (TLE .19 0.5
(range of walue) — - - — — — -— =
TRA —* 1. 4E-D6 166 4 o412 - — — —
irenge of vahser) (LTEO8 e L4E03) (124w 110) (204 1 30E) (030 1= 0.57) — — — _
RWMC - T.68-04 — — — —
(range of values) - - - - - - = -
L — = ma valua
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Figure 2-33. Drawdown and recovery data for the Well MW. 5 pumping test.



As stated earlier, the water level in eight wells completed in the upper perched groundwater were
monitored at 1-minute intervals throughout the duration of the test. The groundwater elevations in these
observation wells did not respond to discharge from Well MW-5 as shown in Figure 2-34. Overall, water
elevations in the observation wells increased (i.e., negative drawdown) during the first half of the test and
then decreased for the remamder of the monitoring period with no correlation to the pumping test.

The drawdown data from the pumping well (MW-5) was evaluated using the Jacob straight line method
(Figure 2-35) (Fetter, 1980). The carly time data (ie., under 10 min) were not used in the calculation becanse
of water stored mn the casing.  Schafer (1978) suggests that in many instances the early pumping test data may
not fit Jacob's modification of the nonequilibrium theory, and that calculations based on the early drawdown
data will be erromecus. When pumping begins, water in the casing is removed first.  As the water level in the
casmg falls, water begins to enter the well from the surrounding formation. Gradually, a greater percentage
of the well's yield will be from the aquifer. Based on the height of water in the well at the time of the test,
approximately 79 L (21 gal) of water is contamed in the well casing and surrounding sand pack. It would
take approximately 7 min to purge this volume of water from the well using & pumping rate of 11.4 L/min
(3 gpm). Therefore, it 15 reasonable to ignore the earty time data from this st and base the transmissivity
calculation solely on the late-time data,

Transmissivity and hydraulic conductivity were calculated usmg the following equations:

2640

T==x :
Ay @2

K =-Th 2-3)

where

T =  uensmissivity (gpd/ft)

Q =  discharge (gpm)

£ =  drawdown (fi)

K =  hydraulic conductivity (gpd/ft’)

b = saturated thickness (ft).

Based on these equations and a saturated thickness of 4.8 m (15.7 ft), the transmissivity and hydraulic
conductivity are 419.6 gpd/ft and 1.3 * 10 cm/s (3.6 fi/day), respectively. The hydraulic conductivity

determined from the pumping test correlates very well with the hydraulic conductivity of 1.1 = 107 am/s
(3.1 ft/day) determined from the shug test.
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2.6.2 Snake River Plain Aguifer

Thirty-three monitoring wells have been mstalled by the USGS around the ICPP to characterize the
ocourrence, movement, and quality of water in the SRPA. The monitoring well network was designed to
determine hydraulic-gradient changes that influence the rate and direction of groundwater and waste-
constituent movement in the SRPA, identify sources of recharge to the aquifer, and measure the effect of
recharge (Orr and Cecil, 1991). The location of the observation wells, frequency of water-level
measurements, and frequency of water sample collection are shown in Figure 2-36.

2.6.2.1 Groundwater Flow. As part of the WAG 3 RL a complete round of water level measurements
was recorded for the wells completed in the SRPA (Table 2-20). This table includes the measured water
depth, borehole deviation mformation (if available), and a corrected depth to water based upon the borehole
deviation Subsequently, the water level clevations listed in Table 2-20 are cormectad for borshole deviation
and use the most recent INEEL well survey data Based on these measurements, the groundwater fiow down
gradient of the [CPP during May, 1995 is shown in Figure 2-37. Overall, the local groundwater flow is to the
south-southwest, consistent with the regional groundwater flow as discussed in Section 2.5.1.

The water level elevations indicate two separate sources of local recharpe to the SRPA. One source for
recharge is apparently from the percolation ponds as indicated by elevated water levels measured in Wells
USGS-31, -112,-113, -114, -115, and -116. Water level response to recharge from these ponds is indicated
by 2 0.6 m (2 ft) increase in Well USGS-113 and 2 0.3 m (1 ft) increase in Well USGS-51. The water table in
the SEPA down gradient from the percolation ponds has a bimodal shape, indicating a preferred flow
direction toward the southwest with a secondary flow component to the southeast. Directly south of the
ponds, water levels in Wells USGS-77 and USGS-111 are significantly lower than what would be expected
based on the water levels m the adjacent weds. The reasons) for the anomalousty low water levels in these
two wells is not attributed to erroneous wellhead elevations or barehole deviation, but rather to local
vanations in the water-bearing characteristics of the SRPA (see Section 2.6.2 2, Hydraulic Characteristics).

A second possible source of recharge to the SRPA may be indicated by anomaloushy high water levels
measured in Well USGS-47. The water levels measured in Well USGS-47 are consistently 0.3 to 0.6 m (1 to
2 ft) higher than corresponding water levels measured from the surrounding wells. The possible causes of the
anomalousty high water levels include local recharge, local pumping, vertical hydraulic pradient (ie.,
mcreasing bydraulic head with depth), and/or well completion characteristics.

The local groundwater flow appears complex and is apparently affected by local recharge, variations in
bencath the ICPP generally flows to the southwest and southeast, with a minor flow component to the south.
The local flow pattern likely results from local recharge (i.e., percolation ponds and sewage ponds) that
creates the mounding mn the water table and possibly from pumpage of the production wells. As the
groundwater progresses bevond the influence of the ICPP, it flows toward the southwest. The local hydraulic
gradient is low, only 0.2 m/kam (1.2 fi/mi) compared to the regional gradient of 0.8 m/km (4 ft/mi),

2.6.2.2 Hydraulic Characteristics. Hydraulic characteristics of the SEPA have been determined from

16 aquifer tests conducted in the vicimity of the ICPP (Ackerman, 1991). Transmissivity is the rate at which
water is transmitted through a unit width of an aquifer under a unit gradient. Since transmissivity is the rate
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Table 2-20. Water level measurements in the SRPA (May 1995).

Actual Vertical  Messured Vertical | Measmed “Actusl Water Level

Dirilled Depth Depth - Well Diepth - Well Water Depth Water Depth Elevatior.
el (") () (ft) () (m ()
MW-18 479.0 471,96 4724 464.19 46375 445155
USGS 34 700.0 564,90 565.0 47733 47725 445302
USGS 35 5TR.S 47971 4800 4T1.76 47747 445173
USGS 36 5671 530,94 5400 4T7.48 47742 445301
USGS 37 5730 550,00 550.0 4T1.61 47754 M“sIm
USGS 38 7290 599,94 600.0 4TRO3 47798 4453.08
USGS 39 5719 479,89 480.0 479.16 479.05 4453.13
USGS 40 679.0 No borehole deviation survey, 463 58 463,58 4453.67
USGS 41 6744 No borehale devistion savey. 464.53 46453 4453 87
USGS 42 6TRS o borehale deviation srvey. 46403 464853 445189
USGS 43 676.0 Mo borshole deviation sarvey. 46558 465.58 445125
USGS 44 650.0 Mo harehale deviation survey. 465.58 465,38 445379
USGS 45 6512 No borehole deviation survey. 467 41 467.41 4452 .40
USGS 46 650.9 Mo borebole deviaton survey. 468,10 468.10 444951
USGS 47 6520 Deviation noted a3 insigrificant. 461.34 461.34 445511
USGS 48 750.0 Mo borehole devistion survey. 464,16 464.16 4453.99
USGS 49 656.0 Mo borehoie deviation survey. MA MNA MA
UsGs 51 659.0 Mo borehole deviation survey. 466.TT 466, TT 445410
USGS 52 6500 Mo borehole deviation survey. 45775 45775 445392
UsGs 57 T30 Ho borehole deviation sumvey. 47180 471.80 4452.64
USGS 59 657.0 Mo barehale devintion marvey. 45144 461 44 4453 45
USGS 67 658.0 Mo barehale devintion sarvey. 46234 462.34 4453.42
USGS 77 610.0 Mo borehole deviation survey. 47126 471.26 445275
USGS 82 700.0 o borehole deviation survey. 454.94 454,94 445 66
USGS 84 505.0 Mo borehole devintion ey 486.56 485.56 4453.03
USGS &S 637.0 Mo barehale deviation survey. 489.07 489.07 4452 45
USGS 111 595.0 512.75 520.0 475.58 469,35 4453.40
USGS 112 563.0 546.04 550.0 47967 47622 445391
USGS 113 564.0 541.39 550.0 480,11 4TLT9 4454 B8
USGS 114 562.0 531370 540.0 474.02 468 49 4453 85
USGS 115 581.0 546,31 550.0 47077 467.13 445400
USGS 116 580.0 559.47 560.0 464.71 464,27 4454.33
UsGs 121 7458 456.49 458.0 459.12 45761 4453 86
USGS 122 4128 4TE.T9 4793 46262 46213 4453 57
USGS 123 7442 480.10 4802 45839 46829 4453.02
LF2-08 495.0 4T7.04 480.0 43579 482 80 4450.34
LF2409 4970 479.12 485.0 486,30 480.40 4453.06
LF2-10 765.0 707.52 T10.0 484.74 483,05 445059
LF2-11 499.0 484.90 485.0 4T7.60 47750 4452 67
LF2-12 4830 47489 4750 48185 481.73 445253
LF3-08 510.0 489.96 495.0 494,16 489.13 445245
LF3-09 500.0 48987 4900 490,59 450,46 445231
LF3-10 501.0 489,99 490.0 49214 492.13 445245
LF3-11 452.2 £79.97 480.0 MA NA MA
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unhﬂmuﬂ&tmﬂﬁhwﬁ:ﬂwﬂhduqﬁﬁmlmmmm
values are directly comparable from well to well. The transmussivity values at the ICPP range five orders of
magnitude with a maximum transmissivity of 7.0 * 10* m*/day (7.5 * 10* f*/day) at well CPP-3 and
munimum transmissivity of 0.93 m*/day (10 fi*/day) at well USGS-114 (Table 2-21). The average
transmissivity for the SRPA in the vicinity of the [CPPis 8.8 = 107+ 1.8 = 10" m¥/day (9.5 = 10°

= 1.9 x 10° ft*/day).

A plot of the SRPA transmissivities at the ICPP is shown in Figure 2-38. This figure indicates two
mﬁﬁﬁ:uﬂﬂhmﬂmhmmﬂmmﬂm{mww&
Darectly to the south of the ICPP is a region of relative low transmissivities [<93 m?/day (<1,000 f¥/day)],
mdicating lower flow rates through this area. This transmissivity pattern apparently has a big impact on the
groundwater flow direction from the ICPP as shown in contaminant distribution maps.

bydranlic conductivity is estimated by including the aquifer thickness using the following relationship:

K=Th (2-4)
where

E = hydraulic conductivity (ft/day)

T = transmissivity (ft"/day)

b =  agquifer thickness (ft).

Ons neilem with estinating budead Juctivity by dividing the issivity by aquifie thic
for a well in fractured rock aquifers is the hydraulic conductivity could range over several arders of magnitude
depending on whether a 0.3-m (1-ft) zone is highly fractured to dense and unfractured. At local scales, the
veloaity of groundwater movement or the movement of & pollutant is poverned by the maxinmum hydraalic
conductrvity that would be representative of a fracture or set of fractures in a zone open to & well. Therefore,
a calculated velocity using an average hydraulic conductivity can be misleading.

The hydraulic conductivity of the SRPA in the vicinity of the ICPP was estimated using the
transmissivity values reported by Ackerman (1991) and the saturated thickness of the open interval of the
well (Table 2-21). The estimation of hydraulic conductivity assumes the wells fully penetrate the saturated
thickness of the aquifer. Hydraulic conductivities range five orders of magnimude with a maximum hydraulic
conductivity of 3.0 * 10° m/day (1.0 = 10" fi/day) at Well CPP-3 and a minimum hydraulic conductivity of
3.0 = 10° m/day (1.0 = 107 fi/day) at Well USG5-114, The average hydraulic conductivity within the
immediate vicinity of the ICPP is 4.0 = 107+ 7.9 = 10° m/day (1.3 = 10° + 2.6 = 10° ft/day). Using the
average hydraulic conductivity, a hydraulic gradient of 1.2 m/km (6.3 ft/mi) (Orr and Cecil, 1991), and an
effective porosity of 10%, the calculated seepage velocity in the vicinity of the ICPP is approximately
3 m/day (10 ft/day).

2.6.2.3 Local Flow Velocity. Tritium from the ICPP wastes has been used extensively in tracing
proundwater flow velocities and directions (Morris et al., 1964; Hawkins and Schmalz, 1965; and

2-108



TRA-ICPP

'
—_———

R,
2.
o

Lincoln Boulevard

! 1
;
%

' i

190,000 i

1

i

0 3500 1000 1500 ;

—e— H

Scaie in Feet :

! - | | l
® 85 . ' |
1150ined.dwy

Figure 2-38. Plot of transmissivities in the SRPA near the ICPP.

2-109



Table 2-21. Transmissivities in the SRPA near the ICPF (Ackerman, 1991) and estimates of hydraulic

conductivity.

Saturated Hydraulic

T o Siinass =

Well identifier (B /day (fy (ft/day)

CPP-1 73 = 10 150 4.9 = 10°
CPP-2 1.6x 10¢ 75 2.1 =108
CPP-3 76 = 10° 74 L0 = 10
CPP-4 25 % 107 255 X E T
USGS-37 1L6=10¢ 65 25x 107
USGS-40 B7 =100 27 . 3.2 = 10°
UsG5-43 8.0=10 225 36=102
USGS-51 29 = (¢ 184 1.6 =100
USGS-57 2.8 = 10 255 L1 =10
USGS-82 5.6x 10 100 56=10°
USGS-111 22 =10 137 L6 = 10
USGS-112 6.4« 10* 9 6.7 = 107
USGS-113 1.9=10¢ a7 20= 100
USGS-114 L0 =10 100 1.0= 10"
USGS-115 32=10 123 2.6 = 107
USGS-116 15« 10# 127 12 x 100
Madimum 7.6 = 10¢ 1.0 = 10¢
Minirmum 1.0 = 10" 1.0 = 107
Averagetstandard deviation 9.5 =10 1.3 =107
(SD) %19 x]0° +26=10

a_Saturated thickness vaines are the total saturated portion of the open well intervals. :
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Barraclough et al., 1967), Peaks of high H-3 discharge to the disposal well have been particularty useful in
determining the local flow characteristics in the SRPA Ome of the most studied “peak™ discharges of H-3
occurred in December 1961 because it was preceded and followed by relatively long periods of low H-3
discharge.

mmﬁuﬂswunmmmmmmmmmam
amaount of dispersion the shug has undergone. Wells along the most direct line of flow should show the least
attemuation in peak concentration. Thus effect is illustrated in Figure 2-39 where the marimum concentration
dhpﬂhhbﬂtﬁ,]%]tﬂﬁmpﬂdﬂmﬂ[ﬂmﬂwﬂﬂﬂ,lﬁﬂ The most
thmﬁmnum&:mdkmﬂmﬁmhﬂmmﬂnmﬁﬂkﬂﬂﬁ&ﬂ,mﬁﬁd!.
and USGS-85) and a second lobe of higher peak concentrations to the southeast. These lobes indicate two
mmmmmwmmmmmmmhmm-h
clearly defined path to the southeast. Smﬂhmhuﬁnhﬁ;pmtmiﬂhhﬁunf
ﬂlﬂiﬂﬁﬁvﬁy\ﬂhﬁﬁlﬂ![ﬂ?“‘hﬂluﬂhmﬂyhmmmﬂ:m

Mmﬂhmwmhmwmu a barrier to impede the local groundwater
flow.

Aﬂnﬂh;mFimlvﬂ,ﬁ:mmFMﬂwmm&dimduﬂhmhm
along Wells USG5-42, USGS-57, USGS-38, and USGS-85. Barraclough et al. (1967) studied the movement
ﬂ&MﬂlﬁlMWM&ﬂﬂﬂmm&mmw&mh
ICPP. Figure 2-40 shows the H-3 concentration with time fior these wells, The December 1961 peak is
apparent through Well USGS-57, but becomes obscured in Wells USGS-38 and USGS-85. The arrow on the
ﬁmhﬁuﬂuﬂeﬁmdrﬁvﬂﬁxﬂ:ﬂmﬁ#l&ﬂpﬂ{ﬂmﬂwﬁﬂmwﬁﬂ-

The behavior of the peak is shown in the following tabulation (Barraclough et al., 1967);

Dristance from Groundwater
disposal well velocity
Well (ft) (ft/day)
47 T05 25
42 1,340 11.5
43 1,400 12.5
57 3,500 20
3R 6. 300 12
BS 10,400 10

The anomously high value for Well USGS-57 apparently indicates very rapid flow from Wells USGS-42 and
USGS-48. The groundwater velocity between Well USGS-47 and Well USGS-42 or USGS-48 would have
1o be approcamately 2.3 m/day (7.5 fi/day), while the average groundwater flow velocity between

Well USG5-42 or USGS-48 and Well USGS-57 would have to be approximately 18.3 m/day (60 fr/'day).
One possible explanation for the extremely high groundwater flow velocity is Wells USGS-42 and USGS-48
are not in the most direct flow path from the disposal well. In this case, the preferred groundwater flow path
from the disposal well would occur as 2 thin band between these two wells.

2-111



TI-t

i

i

—

MPLANATION

L
' Dhiprngion will lo oo gomsl prassd
i

Lo il dopatl B v dbeiiad B el
— P [ lnm W Dadirbds, P ejibenl b pravedee po
il | pClimdlp daised whisi ssbpebil.

| pCidesd & MW ke iy [ 118].
(R T

Figure 2-38. Maximum tritium concentrations in the SRPA from the December 1961 relcase (Barraclough et al, 1967)



e —
oa — o — == |
i ——— El :D-ﬂ EC - :
o —— - -
n:"'l } i
I' J.I d I i I 1
-] -
| — T
S50 » ’l - : :
—unL I ! | |
. ml | | ! wan ar | | i i
| '. [ —— j
— \ M | : s : ;
':a}_m! | A X i
ni — — hf‘ti “:.=-=.'
= T
e ‘!"‘-,l i
E: [" 1 w3 I
ﬂn. e :1‘""\-"""'--...__‘ ! |
= al : \"-"=-i i
ﬂ'#u L T
-— o] - i ! i
= TR el &8 | i i |
(=] | i i [l === I
._ﬂll: i . h\h [ n- i I
—— - e =, F { i H
= :l I " £ 1 ’_-=!
L e —
L}iﬂl _:I_ I '-I._‘T' "_| | i
::ﬁul L N\ L ——
= e 'q"‘\._\_ ,‘I P 1-"& H H
o = . P . e -
s . T e | |
o = e
| : I i ! ] 1 I |
m' 5 " | : [ 1
e ST e ;
#: -III’.\'J 1 .’l, |m-i-—--“-!ﬂ I
= ] A | | | |
] : i b | |
- i ] i r | i | e T
w oa * - *
= aa, - -
. I i . | [ | B
- el Ll ] ! ]
. VA e ] I
. | H 4 I |
- ] | Y i | i
- I | e o | ]
- | | A |““'_-... —_ {
e me | =o mae | Bm | mes | ST | me

igure 2-40. Graphs of tritium concentrations in the SRPA Wells USG5-47, -42, -57,-38, and -85 from
961 through 1966 (Barraclough et al, 1967).

2-113



The relatively poor response of Well USGS-38 to the December 1961 peak is probably due to either the
Mﬂmwn;huﬂmhmmﬁﬂﬂawpﬂwﬁﬂlﬂh&gﬂmhlmmﬂh
aquifer than the other wells along the line. Most of the other wells are perforated n the upper 76.2 m (250 #)
of the aquifer, whereas, Well USGS-38 is completed in & 15.5-m (51-f) wide zone between 64 and 79 m
(210 and 260 ft) below the water table. This may indicate the majority of the H-3 is being transported in the
upper 61 m (200 fi) of the aquifer.

Well USGS-85 also shows a poor response to the December 1961 H-3 peak. It was postulated by
Barraclough et al. (1967) that this poor response may be a result of the well not being in the direct flow path
and also due to its greater distance from the disposal well.

2.6.2.4 Pumping Effects. The ICPP uses approximately 7.9M L (2.1M gal) of water per day. This water
h:qmi.hdhyﬂnmmwuihfm-lmdm-l}lndmupmhhmnuﬂ:{EPF-ilndnﬁw“uﬂ}
hﬂﬁhﬁ:mﬁnnpmﬁmnfﬁ:iﬁlﬁy.hntufﬁnWhﬁHﬂmmﬂmM
from these wells upon the local water table was mvestigated during July and Angust 1995, This investigation
mvolved continnous water level monitoring of several aquifer wells completed in the northern ICPP while
metering the pump usage in Production Well CPP-2.

Water level fluctuations in six aquifer wells (MW-18, USGS-40, 43, 47, =52, and -121) were
monitored at 5-min intervals using pressure transducers and data loggers. Barometric pressure changes were
recorded at S-mun intervals by NOAA at the CFA weather station, which is located approximately 5 km
(3 mi) from the test site. Pump usage for Well CPP-2 was continuously monitored based on amperage
requirements. Plots of the water level fluctuation versus pump usage for this test are provided in
Figures 2-4] and 2-42. During the 11 days of the test, the production well pump turned on 17 times with
each pump cycle lastin  for approscmately 9 hr.

The water levels in all aquifer wells exhibited a similar response. Daily fluctuations, generally less than
3 em (1 in.), were observed in all aquifer wells corresponding with pump usage of the production well. The
change in water level for each pump cycle is provided in Table 2-22. In almost all pump cycles, the
corresponding water levels in the aquifer wells decreased by an average of 1.9 cm (0.75 ). Omly Pump
Cyele #11 demonstrated an increase in water levels throughout the pump duration for all wells except Well
USGS-40. This water level increase during this pump cycle may be the result of a local or regional trend and
not related to groundwater pumpage. Other than Pump Cycle #11, the water levels decreased during the
pump cycle in Wells MW-18, USG5-40, 43, and -52 throughout the test.

The SRPA has been described as “quasi-artesian™ by Nace et al. (1959) and therefore, the water levels
may be affected by changes in barometric pressure. Plots of the change in barometric pressure versus change
m water level (standardized to feet of water) for the six aquifer wells are provided in Figure 2-43. The

in the figure. The barometric pressure efficiency for Wells MW-18, USGS-40, 47, and -12 ] were calculated
to be 54, 77, 66, and 48%, respectively. For two of the wells (USGS-43 and -52), the lincar regression line
did not mtercept the 0-0 point and as a result, the barometric pressure efficiency could not be calculated for
these wells.
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Sheetl

Jable 2-22. Summary of water level fluctustion for each pump cycle.

Water Level Fluctuation (including barometric pressure :ﬁn:u]l
_Pump Cycle  MW-18 USG50 USGS-43 USG5-47 USGE-52  UaGSE-12]

1 =0.02 HA HA =017 HA NA
2 0.08 0.07 0.12 <0.07 0.07 -0.08
3 <0.12 0,10 0.11 <011 <. 10 =010
4 <0.02 <0.03 =0.06 <0.01 .01 0.0l
5 =0.09 0.08 -0.08 <008 0.09 -0.08
6 0.00 0.01 0.05 0.00 0.02 0.00
7 <0.10 0.0 .08 <014 0.08 .09
B 0.06 0,06 0.11 0.00 0.05 .06
-] 0.05 £0.05 0.05 0.15 0.03 0.05
10 =0.0% .08 -0.01 <0.10 0.11 <0.08
11 0.01 -0.01 0.00 0.04 0.02 0.01
12 -0.07 0.07 <0.11 -0.08 .06 0.06
13 =0.03 =004 <008 <0.05 <0.02 0.03
14 .09 =0.08 <0.12 .08 0.06 0.08
15 -0.10 -0.07 -0.13 40.11 -0.09 0.08
16 =0.03 -0.04 =0.0% 0.02 0.00 004
17 =0.05 =0.05 =0.0% .05 <106 0.
Maximum 0.01 =001 0.0 0.04 0.02 0.01
Minimum <).12 =0.10 <1.13 0,27 .11 <0.10
Average 006 =0.06 <0.08 .08 -0.05 0.05

Water Level Fluchuanion (without barometric pressure effscts)
Pump Cvele  MW-18 USG50 USGS-43 USG5-47 5G5-52 USGES121

1 <002 0,00 MA 0,27 MNA 0.00
2 =0.10 =1, 10 Na 0,10 HA 0,10
3 .15 .16 NA .15 HA 0,13
4 0.0 0,00 Na 0.02 HNA 0.01
5 {0 0,08 MA <008 KA <1, 80
& 0,07 <0, 10 MHA .08 MA 0,05
T 0,15 0,17 MNA .21 MaA <0, 14
8 0.0 0.11 MHA 0.15 NA 0.05
9 =0, 0 o =004 HA <0.14 HA <037
10 =010 0,09 HA 010 MA 0,08
11 0.0 .06 HA 0.09 HA 005
12 =008 =.82 NA <009 HA 0,08
13 =0.01 =0.02 NA -0.03 HA .02
14 =11 {12 HA 0,11 NA <010
15 =13 =11 MA .14 MHA 0,10
16 0,00 0,00 HA 0.17 HA =001
17 .05 .05 HA 005 HA 0,04
Masimum .06 o.11 MA 0.17 MA 0.05
Minimum .15 .82 NA 0,27 HA 1,80
Average .06 0,10 MA .07 NA =0.11
MA denotes not available
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f Barometric Pressure Efficiency for MW-18
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Figure 2-43. Barometric pressure vs. water level fluctuation for Wells MW-18, USGS-40, -43, 47, -52,
and -121.
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Figure 2-43. (continped).
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The effects of barometric pressure upon the water level were eliminated by combining the barometric
pressure change during the pump cycle with the barometric pressure efficiency calculated in Figurs 2-43.
The water level fluctuations without barometric pressure effects for each pump cycle are also provided in
Table 2-22. By eliminating barometric pressure effects, water levels in the SRPA decreased during 13 pump
cyeles, ncreased during three pump cycles, and demonstrated a mixed response in one pump cycle. Overall,
the water level in the SEPA decreased an average of 2.5 am (1 in.) during each pump cycle.

As shown by this test, water levels in the SRPA are affected by groundwater pumpage from the
production well Minimal responses [<2.5 am (<1 in.)] were observed in these six monitoring wells, however,
the wells are located approcamately 610 m (2,000 ft) from the production well. Increased drawdown would
be expected closer to the production well that could affect the local groundwater flow direction in the northern
ICPP,
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4. NATURE AND EXTENT OF CONTAMINATION

Dunng more than 40 vears of operations, radicactive and hazardous materials have been released to the
environment at the I[CPP. Releases, which are not unusual at mdustrial facilities, have occurred as the result
of spills, leaks in waste transfer lines, and through previous waste management practices. To date, 94
potentially contaminated sites have been identified Most of these sites were identified before finalization of
the FFA/CO and are grouped in OUs based on similar waste streams or conditions. Some release sites were
cleaned up at the time of the release and most have been sampled and characterized. The objective of this
section i5 to describe the major sources of contamination that have led to adverse soil and groundwater
impacts and subsequently describe the extent of coatamination to groundwater, This section will also discuss
efforts taken to verify the completeness of the data collected.

To this end, Section 4.1 will describe the natore of contamination in terms of the major sources and
Sections 4.2 and 4.3 will describe the resulting extent of contamination in the perched water and aguifer. It
should be noted that Section 4.1.3 briefly discusses soil contamination however, the nature and extent of soil
contamination will be described in detail on a site basis in Sections 8 through 26. The completeness of the
field invesngations in terms of the inventory of radioactive contaminants expected given the spent nuclear
fuel reprocessing mission of the ICPP is discussed in Section 4.4,

4.1 Sources and Source Inventory

Based on a review of the generation process and existing artifacts, the primary sources of contamination
at the ICPP include (a) historical waste discharge to the ICPP disposal well (Section 4.1.1), (b) leakage from
the concrete holding tanks in building CPP-603 (Scction 4.1.2), and (c) accidental releases to the environment
as identified in the FFA/CO. For all sources except the CPP-603 concrete holding tanks, the release of
contamination to the environment is from historical events. Wastewater is currently being discharged to two
active surface impoundments, the percolation ponds and sewage treatment ponds. According to existing
characterization data on the ponds sediments and the quality of the waste stream, these two sources do not
contribute significantly to the groundwater contamination. However, water movement from these ponds may
affect the migration of contaminants in other arcas of the ICPP such as the tank farm. Depending upon the
location of the water source with respect to the contaminated areas, this discharge may contribute to
contaminant migration in the subsurface,

4.1.1 ICPP Injection Well, CPP-23

Since 1952, ICPP processes have generated large volumes of plant cooling waters and condensates.
These service waste waters contained small quantities of radicactive and inorganic contaminants. The ICPP
mjection well (MEH-FE-PL-304), located north of building CPP-666, was used to discharge these low-level
radicactive and chemical wastes to the aquifer from 1952 to February 1984, The ICPP injection well was
drilled in 1950 to a depth of 64.6 m (212 ft) and deepened in 1951 to 182 m (597 ft). A 61-cm (24-in.)
diameter borehole was drilled and cased using 4 1-cm (16-in.) nominal diameter carbon steel casing. The
1256 to 137.8 m (412- to 452-ft) and 149.4- to 180.7-m (490- to 593-ft) bls. The sverage discharge to the
well during this peniod was about 1.4B LA (363M gal ) or about 3.8 ML/day (1M gal/day). Figure 4-1
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presents the monthly volume of wastewater discharged to the ICPP injection well. The available data for
1953 to 1961 are yearly totals and are plotted by assuming equal volumes discharged every month.

h]nlg?ﬂ.mmwmwmlmmﬁuhlhdﬁpmdnﬂ It was
discovered the well had collapsed and was plugged at a depth of 68.9 m (226 f). Consequently, waste water
was being injected into the unsaturated zone above 68.9 m (226 ft) (WINCO, 1990). The waste water
anmﬁﬁmdﬂmm{ﬂ'mm'ﬂm“kyﬁﬂhdﬂmmtmmy
200 to 250 mg/L). The salty, acrated waste water apparently corroded the casing until it collapsed, allowing
the gravel pack and intruding sediment to fill the well up to the 68.9-m (226-ft) depth. Omnly fragmentary
mndndpinmufduuigimlﬂvmﬂﬁ-n}:uhgmhﬂnilﬂi:ﬂadhyn&pningsmdﬁmmm
at cleaming the well. Measurements made in 1966 showed the well was still intact  Therefore, most of the
collapse took place in 1967 or carly 1968. Additional evidence supporting this time frame are levels of H-3
and 5r-%0 in USGS-50 which occurred in 1969 and 1990 (see Section 4.2.4).

hSeptm:b#l?TU,ld:ﬂkhgmhtgmMmdﬁumdrdﬂﬁ:hjﬁﬁmnﬂmmw

depth. By October, deepening had progressed to about 152.4 m (500 ft) and the water level in the well had
resumed its normal depth at about 138.7 m (455 ft). During this period of well rehabilitation, waste water
was disposed to USGS-50. It is assumed during or after these well rehabilitation operations, the well
collapsed agamn and was reopened to the water table in late 1982. At this time, a 2.5-cm (1-in.) thick high-
density polyethyiene line was placed in the well from ground level to the bottom of the well. The liner was
perforated from 137 m (450 fi) bls [approximately 2.4 m (8 ft) above the water table] to the bottom of the
well (WINCO Installation Assessment Report, 1986).

Un February 7, 1984, the injection well was taken out of routine service and waste water has been
pumped from two parallel collection vaults to Percolation Ponds | and 2. Disposal of waste water decreased
mn 1985 and 1986. The mjection well also served as an emergency overflow protection for buildings
CPP-709, -734, and -797, which contain the vaults from which the service waste water is monitored and
pumped. The overflow protection was only required on a temporary basis if the operating and standby pumps
from one of the parallel streams failed simultaneousty. All the lines have been plugged and can no longer be
used 1o route service waste water overflow from the vaults in the buildings.

In 1986, modifications were made to the injection well entry, which further decreased use of the well
resulting in a decrease to approcamately 12,200 L (3,220 gal ) to the injection well in 1986, No releases have
occurred to the well since 1986,

In October and November 1989, the injection well was sealed by perforating the casing throughout and
pumping i cement. The well was sealed from the basalt silt layer [145 m (475 ft) bls] to land surface to
prevent bydraulic communication between the land surface, perched water, and SREPA.

4.1.1.1 Waste Disposal. From 1952 to 1984, the injection well was used for the disposal of waste water.
According to the RWMIS database, it is estimated a total of 22 200 Ci (approximately 96% consisting of
H-3) have been released in 4.2 = 10" L (1.1 x 10" gal ) of water, This database provides a qualitative
estimate of the activity and volume of waste water discharged to the imjection well. Table 4-1 presents a
summary of the total cunies discharged to the injection well for cach radionuclide and includes the curies
remaining after radicactive decay. Based on drinking water standards, the major radionuclides of concern
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Table 4-1. Activity of radionuclides discharged to the ICPP injection well (RWMIS Datsbase).
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disposed 1o the mjection well were H-3 and Sr-90 wath Cs-137 exhibiting the second highest remaining
activity, Figures 4-2 and 4-3 provides plots of the disposal history of H-3 and 5r-90 to the ICPP injection
well, respectively, The waste water also contamed low concentrations of various chemicals. Since well
closure in February 7, 1984, the well was used only for emergencies such as loss of pump power and
overflow protection for bulldings CPP-709, -734, and -797, which contain vaults from which service waste
water was monitored and pumped.

Since the percolation ponds were placed in service, the volumes of service waste effluents transferred to
the injection well during emergencies decreased to about 2.96 x 10° L (7.8 = 10" gal ) in 1984, 185 490 L
(49,000 gal ) in 1985, and 12,190 L (3,220 gal ) in 1986. Emergency releases to the injection well decreased
from 1984 to 1986 because the percolation ponds were placed in service and volumes of service waste
effluents transferred to the injection well decreased. No discharges to the mjection well occurred after 19846,

During the ICPP operational life, known accidental discharges to the injection well occurred and are
described below (WINCO, 1992).

. July 1953: The contents of a tank discharged to the waste water flowing to the well. A post
discharge analysis showed that 51 mCi of radicactive contaminants were released in 923 640 L
(244,000 gal ) of water,

2. December 1958: About 29 Ci of radioactive contaminants, including 7 Ci of Sr-%0 were released
1o the well

3. September 1969 Two separate releases resulted in 19 Ci of fission products released to the well.
Releases incloded Cs-137, Cs-134, ceriom (Ce)-144, and antimony (Sb)-125in 12.4 = 10°L
(3.28 = 10*) of waste water.

4.  December 1969 Two releases occurred in which the quantity of Sr-90 released was higher than
expected  About 1 Ci, including 30% Sr-90 was released.

5. March 198]: mercury was detected during routine monitoring of the ICPP Service Waste System.
Mercury in the form of mercuric nitrate was released from CPP-601, through the ICPP Service
Waste System to the ICPP mjection well. An estimated 0.207 mg/L of mencury was detected in
service waste (RCRA EP Toxacity himit for mercury 1s 0.2 mg/L).

Soluble mercury, 2s mercuric nitrate, is used as a catalyst in certam [CPP fuel dissolution
processes. These operations are the onbv ones in which significant quantities of soluble
mercury have been used at the ICPP. In March 1981, a batch of catalyst was mixed, then
found to contain solids. The solution was discarded and it is assumed it was drained to the
waste system.  Assuming the worst case scenanio of draining one batch of catalyst, the
maximum catalyst lost would be 250 L (66.0 gal) of solution contaiming 15 kg of mercury.
This is the only contaminant release to the well identified as a RCRA concern.

4.1.1.2 Monitoring. Eight monitoring wells within (.40 km (0.25 mi) and downgradient of the injection
well have been established by the USGS. Although there is typical dispersion of waste plumes latcrally and
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longitudinally, there appears to be little vertically because of relatively low vertical permeability and apparent
lower permeability at depths greater than about 76.2 m (250 ft) below the water table. Analyses of water
samples collected from the USGS wells downgradient of the ICPP indicated detectable mercury
concentrations (0.2 pg/L) in three USGS wells (36, 37, and 41). Becanse heavy metal analvsis is not
conducted by the USGS on a regular frequency, it is not certain if these analyses indicate detectable mercury
becanse of the March 1981 mjection well release.

A sample of the sediment within the injection well was collected on August 31, 1989. PCB 1260
(Arochlor) was the only organic compound detected above method detection limit (MDL) in this sediment
sample; however, the sample was collected from the top of the sediment column in the injection well and may
not be representative of contaminants and concentrations at deeper mtervals of the column.  Arochlor was
detected st a concentration of 10 pg/kg; the minimum detectable limit is 8.3 pg'kg Downgradient
the injection well measured indicate beta activity at 150 pCi/g and three radionuclides: Cs-137 at 100 pCi/g;
Eu-152 at 3.8 pCi/g; and Eu-154 at 2.5 pCifg.

4.1.2 CPP-603 Basins

CPP-503 fuel storage basin has been operational since 1952 and is utilized to store spent fuel
assemblies until such time a sufficient amount of fuel was accumulated for a processing ran. CPP-603
consists of three reinforced concrete fuel storage basins connected by a transfer channel. The basins are
6.1 m (20 ft) thick and the water inventory is maintained at approximately $.7M L (1.5M/gal). Based on two
studies performed im 1986/87 and 1993 the estimated loss rates from the basins are between 500-700 Liday.

Limited basin water quality data collected by plant operations is available over the period from 1976 to
1996. Water quality parameters analyzed for during this period included pH, chiorides, conductivity, nitrate,
and total activity. During this period pH has ranged from 7.2 and 8.3 (1977-1996 data), chlorides 382 mg/L
(1977 data) to 35 mg/L (1995 data), conductivity 592.5 to 511 uS/cm (1995—1996 data), and nitrate
682 mg/L (1981 data) to 149 mg/L (1995 data). The total activity for the period 1976 to 1996 has ranged
from 0.12 uCi/mL (1976 data) to 3.3 E-05 oCi/mL (1987 data). The major contributor to total activity over
this period was Cs-137.

4.1.3 Soil Contamination

Based on the WAG 3 RLFS Work Plan (INEL-95/0056, Rev, 2), 73 different contaminants have been
identified at the ICPP mcluding 13 metals, 25 organic compounds, 32 radionuclides, and 3 other (fuoride,
mutrate, and oil and grease) contaminants, Fesults from the Track 1 and Track 2 mvestigations mdicate that
radionuchides are the most significant contaminants at the ICPP. Most if not all field investigations to define
the nature of contamination within the soil release arcas and groundwater were scoped during the Track | and
2 process. Of course, the more recent investigations in 1995 were scoped during the RI Report work plan
phase. The sampling programs were designed with the use of process history to the extent that it was
available and therefore, the analysis suite was in large part defined by what was known to have been released
at a particular site. For example, the soil samples taken within the releases associated with the operation of
the HLW tank farm were anahyzed for contaminants known to be present in the HLW inside the 11 tanks.
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The soil sample results are located in Appendix G and are summarized on a site by site basis in Sections 8
through 26 of this document.

4.2 Perched Groundwater

Perched groundwater zones have been identified to occur in the basalts beneath the ICPP at depths
ranging from 30.5 to 42,7 m (100 to 140 ft) bls and 110 to 128 m (360 to 420 fi) bls. Within the upper
perched water zone, one perched water body is being monitored beneath the sewage treatment pond, two
perched water bodies are being monitored beneath the Tank Farm, one perched water body is being monitored
m the vicinity of building CPP-603, and one perched water body is being monitored beneath the percolation
ponds. The extent of the lower perched water body(s) is less well defined, being monitored by only three
wells in the northern portion of the plant and onby one well in the southern portion.

As part of the WAG 3 RI, a complete round of groundwater samples were collected durmg May and
Juns 1995 from all perched water wells having sufficient water for sample collecion.  The results from this
sampling effort are provided in Table 4-2 and described in the following subsections. The results from
previous groundwater sampling efforts have been described in the WAG 3 RIFS Work Plan (INEL-95/0054,
Rev. 2).

4.2.1 Morthern Perched Groundwater

Wells that monitor the groundwater quality in the upper perched water zone in the northern ICPP
nclude CPP 33-2, CPP 33-3, CPP 33-4, CPP 37-4, CPP 55-06, MW-2, MW.3, MW-4, MW.5 MW-6,
MW-8, MW-10, 2.IW-11, MW-12, MW-18, and MW-20. In addition, well ICPP-Mon-A-024 was mstalled
to monitor the perched water beneath the sewage treatment plan. In addition, well ICPP-Mon-A-024 was
installed to monitor the perched water beneath the sewage treatment plant During the WAG 3 R, sufficient
water was available for the collection of groundwater samples for analysis in all wells except MW-3, MW-§,
MW.-11, MW-12, and in the 113.5 to 123.5-f completion zone of MW-18.

4.2.1.1 Chemical Cortaminarnts. The only chemucal constituent in the upper perched groundwater zone
that was detected above either a Federal primary or secondary maximum contaminant level (MCL) was
nitrate. Nitrate/nitrite was detected above the Federal primary MCL of 10 mg/L in wells CPP 33-4,

CPP 37-4, CPP 55-06, MW-2, MW-4, MW-5, MW-10, and MW-20 (Figure 4-4). The highest nitrate/nitrits
concentrations (35,4 mg/L in well CPP 55-06 and 26.8 mg/L in well MW-10) were measured in the
southeastern portion of the perched groundwater body. As shown in Figure 4-4, Nitrate/nitnite concentrations
decrease toward the northeastern portion of the perched water body.

4.2.1.2 Radionuclides. The distribution of radionuclide contamination in the upper perched water zones
is illustrated by plots of gross alpha and gross beta concentrations (Figures 4-5 and 4-6, respectively). These
water body, particularly associated with wells MW-2, MW.-5, and CPP 55-06. The maximum gross alpha
and gross beta activity measured in the upper perched groundwater were 1,1404220 pCi/L and

589,000=2 600 pCi/L, respectively, in well MW-2. At a depth of approximately 42 m (140 ft), the
maximum gross alpha and gross beta concentrations measured in the perched groundwater were 13725 pCi/l.
and 65,300600 pCi/L in wells MW-10 and MW-20.
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Table 4-2. Water quality results from the perched water wells (May—June 1995).

s — e — ——

Wl MW.17 MW7 MW-18 MW-20 UsGE-s0 MW-5 WS NW-5 NW-5 TNGS-i CPP 334
Duis May-93 May-93 Jum-93 Juar¥3 May-93 Oct-95 Oct-93 Out-93 Oa-93 Duwplicese Duplicese
Sasvple Dapth 190.18 8 195.2 3548 . 321 T8I mals 131733 m 1404 3844085 START MIDDLE END MIDDLE. Id-u's 1M2ESm 1182
Sample ID Daits 31323101 31313301 31323301 31323601 313001 T 33201 31324001 31324101 31324201 31324301 31314401
Fiold Farumatens

Tompermwre (reluinn} 1785 19.96 184 1568 NA WA NA NA NA NoA na
pH Al .05 a8 172 N/A NA NA WA NA NA NiA
Comductiviey [~ 0.434 0613 033 [ 5} N/A NA NA NA NA NA WA
Mise. Inorgamics

Alkalimity (mel) 152 611 43 ™ 129 ND ND ND ND 1o 216
Bic Alloaline {mg/L) 152 359 M3 34 ¥ ‘ND ND ND NI 130 116
Carboamte (mg/L) 2v 54 2 U U 1v ND ND ND ND U v
Chloride (mg/L) s 123 e %3 “ ND Mo ND ND ©s 03
Pruoride (mg'L) a3 0.28 ®.21 o3 436 ND ND ND ND 033 ¢.15
Sulfasr (mgl) w1 138 e "3 “s ND ND ND ND 4.3 6.1
™ {mgL} ol 02 137 W o1 ND ~ WD N (28] 01U
. (gL} ol 01U [ ¥ [T} a1 ND ND ND ND 10 (AR ]
WOIMNOLIN (mg-NL) a LY k¥ ) 121 313 ND ND ND ND n2 127
TAL Iswrgumics

Alunin (L) 6.3 BU %3 T 6.7 BU %3 U %48 U ND ND ND ND 31 BU %30
Antimeyy {wg/L}) 190 &4 B A 18 U 1.* U ND ND ND ND U 120
Armeaic {w/L) 40 40 4B 40 4T ND ND ND ND avu au
Barmm {wg/L) T2 B 1% B MIEB B T ) ND ND ND ND 163 BU 64
Baryilios {ug/L) 01 vu 01 0 alu oLy 810 ND ND ND ND nu [ Ao
Coaciminm (L) 04U 04 U 03U 04 v ND ND ND ND 040 0 U
Calcian (/L) 40600 peal ] 49100 870 3300 ND ND ND ND €700 193000
Chrominn (L) a0 au 111 v as ND ND ND ND 1B “ao
Cobalt (oL} s v [LR] 04 B (XN wu ND Np ND ND 128 2B
Copper (/L) 27 B s B 229 s 1B ND WD ND ND 14 B 13w
L (L) i1 2130 »EB I U ns v ND ND ND ND s U nsv
Lead {(wL) 22U 1y 2v 2u 1 v ND ND ND ND PR ] 20
Mgyt tiniin (agl) 10400 2250 18900 13400 20000 ND NP ND ND 18490 27000
Mangancee (ug'L} 517 EAR 13 BU (TR 15 B ND N ND ND 1B 0 U
Mercery {wg'L) ot U ol vu [ A4 v 0L U ND ND ND ND 0ls Qv
Nackosl {wpll) 340 340 258 40 34 T ND ND ND ND sB s U
Potusinn {noL} 5160 EJ 24500 060 EJ me %0 N ND b ) ND 5730 390 BEJ
Seicainm (/L) 31 1270 230 170 70 ND ND ND ND 14 B 34 BU
Silver (w/L) 4.6 NI 0¢ U 4B WU L LR ND ND ‘ND ND 16 U 0.6 NI
Sodimm (wp/L) 33300 13680 75200 EX 4TI00 6200 ND ND ND ND 39400 30300
Thaliiem (/L) 46T 46 0 11U 45U 460 ND ND ND ND [X Q) 46U
Vanndium {wgl) L3 B 67 B 34 BU 13 BU (S 3 ND ND ND ND 4B i1 B
Zmc {wg/L} 34 BU 4.1 BU M1 E 116 BU 108 BO ND ND ND ND 128 BU 1Y B
Zirconiam (w'l) ND av ND navy nav ND ND ND ND 2 ND
Rondbmnc s

Ciross Algia (pOVL) 2341 011 T 324170 1618 U 434170 ND ND ND ND 16207 Bds2 é
Orom Beis: (pCiL) HEC Y 4542 TIELT 65300400 435S ND ND ND ND 4TS 4917
“Tritham {pCinL) 2370006 251006400 TI000700 1158180 1900700 ND ND ND ND S2000 00 #714143
90 {pCiL) 1614 T 0Hb4 U 20742 25800430 15142 76100400 984904500 1040001500 101000::500 Hic 173l
Pells {(pCiL) ND ND ND 12 U ND ND ND ND ND HD 0.060.07 U
P 2797240 {pQilL) ND ‘ND ND 0.074:0.08 U ND ND ND ND ND i} uH07 U
Am-241 (pCilL) ND ND ND 4406 U ND ND ND ND ND ~D D04 1T
Np-237 {(pCiL) ND ND ND 0.0240.14 U ND ND ND ND ND ND &8O U
129 (rGi1) s U g3 U D3 U 003 U D3 U ND ND ND ND a0 U 0.3 U
Te-99 (pCil) G4l & 39404 Tkt J 18.340.5 6341 ] ND ND ND ND il 05405 U
U-234 {pCilL) ND ND ND 33s0.8 J ND ND ND ND ND ND 3.2x06
U-135 {pCiL) ND ND ND 0.2 U ND ND ND ND ND ND 0302 U
U-138 (pCil) ND ND Nb 187 ND ND ND ND ND ND PATE]
NA - not smlysed

NI - mot deseced,

NS - st sampled.

U - analverd, not deteeted.
B - contmmmiey in nasocisbed blank.
R. . dir .
J - estrmmted comcestration.
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- Table 4-2. (Continued).

Ve P 332 CPP 334 PP 374 CFP 33-06 MW-1 NW-2 T MW.5 W6 NW-10 MW-15
Dete May-93 May-95 (YR I35 T Jm-95 o Jm-93 Mo Jm9s 23
Susple Dapth Miwicls 10283 w1182 1933w 1099 18623 w1131 INnnkw 36 197490 112 15.63wm 1106 1115w 1262 122.7m13? 1481200 151 121285 w1313
Sample [ Dalin 31320201 31320401 31320301 31320601 31320701 31320901 3ilz1r01 31321401 31321501 301 31322901
Piald Porumstars

Tempermars {colois) 19.97 .l 160 164 154 199 109 7Y .6 14 n3
pH 718 119 mmn 188 1.3 7.3 1.7 1357 1.1y 19 184
Condurtivity {mvbwmen) 0 0.7%6 en 128 0993 L1t 991 1 3T as .53
Miec. Rastgunies

Alkadinity (mgL) 168 27 114 =23 163 3 us m 1 n7 I
Bic Allcalins {mg/L) 168 0n7 4 s 163 3 248 33 it n7 17
Carbomte (ma/L) 27U 2 2@ v v v TuU R PR 27U 2U
Chloride (ma'L} 274 5.2 L6 a8 84 w7 assg 76 557 34 .1
Flnaride (=) a1 ois 017 w (¥ 024 0.28 .29 0 o 03¢
Sulfae (mg/L) 217 s e »3 %4 318 426 279 %32 e ns
TEN (mp/L} [ ¥ [ B 1) [ S [ 3] a1 W [ R0 1 a1 U v [ B 13 a1l w [ B )
AsmoniorN (my/L) @“uo [ I el v &l U [ o 61U uvu el T [ B} a1 yu
NQIMNOI-N (myeNAL) 13 i 17.7 134 .6 15.7 109 i) 44 258 | LA
TAL Inargasice

Abaimm (L) %LU %eU 45.7 BU 0.5 BU %80 47 BU st.2 BU 6.9 BU ™5 BU 4By 453 BU
Antiaay (L} 12U 190 253 Y} 4B 12U 19U 4B 970 277 120
Arvamic (wl) 40 4T 40 4B 4«0 44U @z B 40 LR 240 5.1 BU
Barim (oL 1198 1t B 120 29 93 38 227 I ™0 1S B Nnan
Berylliom {wp'L) [ A1) 61U 01U 01 v 01U 010 21U 01U 10 [ R+ [ i)
Codanian (wpL) [ L] [ T ) [ T\ [ L1 o4 04 0O D4 U 4T 840 030 [ L)
Calcins () [ 51000 72000 100 114000 34400 #3700 24300 T390 mwo 2700
Clremins (wo'L} 57R 41U 41U SB o 4B S4B 41 v 4z 160 RN
Cobalt (L} WU 05 U 138 s B 6B 063 B %66 B bt B LT B es U (LR
Coppet (wph) 13U 130 138 130 4 120 278 LTB W 220 11U
e {(wg/L) nsu 50 220 Ns50T 13U AU 318 B 7B nu 33 BD 213U
Lewd {wp/l) 10 iU XU 2 20U 1w W 27 210 20 2B
Nagaium asl) 14300 1370 23000 e 34000 72900 24300 19200 17960 27300 15200

¥ ——— (wL} 15 B aes B 1zB 128 e sy L4 156 12 m e L7B
Marcwry (L} el U el U v wo “mo uv Lv wurv 0o oL U wav
“Nicknt (L) 34 U 340 1B 5B 340 34 v 340 340 40 I 340
Potaasion {wp/L) 2910 BEY 1910 BEJ 0B 20 60 B 5340 4490 B 1300 30 BEY €510 EF 7980 B
Seloniom twel) 11U 27U 4B U 17U 210 27U 270 7y B 3B
Silver (wl) &6 UN o7 BNY [T ] "o (T3] (TR 06 U (T3] 06 Nuy 03 ON 06U
Sodimn (L) 21900 . 14300 48200 48000 35800 §9000 38500 41700 19680 44400 EJ e
Thudinm (L} 3B 46U “ U _ U T3] 46T sy 44U Yy 3P U
Vit (gL} 3B i4 BU 4“1 8 6B 12 80 5B 7B 8B N 1B 528
Zimc (wL) @3 E 7.6 BEUJ 19 WO 23 ) %3 3B 302 41 B 16T B n1g 43 8
Zircosiam () ETER 130 20 n1ye nav N2 0 LU navy ND s T nv
Radisaciides

Grem Alpha (pCifL) id 11l T 3.8kl € 249 Ml U 11481228 2344 2654108 0314 U 1319 28t
Ciroms Bem. PpGL) 31TA 30536 ¥l 1790004200 263 SE9000:+:2600 2340040 2070004:1 600 52407 45800100 44700£180
Traian Prin) 25404170 391 1690190 21413 247004000 0260 IN2+106 U 133002400 RIn o 380004300 36301 76
-0 pCiL) 1021 19122 4.5 300600 i 5404 32000043000 11900200 1640001 000 4. 7403 17200200 22100::200
Po-238 »CiL) ND ND ND 0.1M0.11 T ND 004 007D 88 U G 01 ND 0.0348.06 U 0031807 U
Pu-139/240 (pCiL) ND ND ND L2606 T ND [ L] 004 U .5 ND ah o4 U7 201:808 U
Am-241 @CI} ND ND ND telof U o 0.16s0.1 610.06 U 0.03:40.08 o ND 811401 U
Np-237 {PCIL) ND ND ND a4 U ND 9 U 000 U 048 34 U D Q). 18 U .13 U
12 (pCiL) 0.5 U o403 002 U &2 T 803 U 8583 U 8+13 U 0.540.3 U Mol U abé U oxld4 O
Te 99 pCiL) 21407 04406 3046 Tl J €303 T THZ J 119407 10542 J 043 U 12142 D6 )
U-234 (PCiL) ND ND ND 13406 J ND 17406 7 41206 I L9sdd I ND 4aa07 1L822
0-23% (pCi/L) ND ND ND 001 U ND 0.2 U 0.1202 U 02 U ND o2 U 02403 U
v-23% {pCin) ND ND ND 1105 J ND Lkdd4 J 19204 3 0.503 J ND 2.240.5 13405 J
NA - sol malyzed.

ND - a0t detecerd.

NS - not snmpled

U - amalymd, mot dowcand.

B - contmmisent i Sowcisied bl

R- wtion repared is wbl
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The most significant radioouclides in the upper perched water body are 5r-90 and Te-99. Low levels of
H-3 were also detected mn the upper perched water zone, however, none of the water samples exceeded the
Federal primary MCL of 20,000 pCi/L. The low H-3 concentrations in the upper perched water zone
significantly contrast the waste stream that was directed to the ICPP disposal well where the vast majonity of
the associated radioactivity consisted of H-3.

Radiocactivity from fission products is due almost equally from Sr-90 and two Cs isotopes (Cs-134 and
Cs-137) with minor contributions from several other intermediate term radioouclides. Cesium isotopes have
not been detected in the groundwater, probably as a result of the high sorption capacity of Cs, which makes it
relatively immobile in the environment.  Strontium-90 was detected in all wells completed in the upper
perched water zone with the distribution shown in Figure 4-7. The macdmum Sr-90 concentration detected in
the upper perched water zone was 320,000+3,000 pCyL (well MW-2) followed by 104, 000=1,000 pCi/L
(well MW-5) and 66,300600 pCuL (well CPP 55-06).

The only other fission product detected in the upper perched groundwater is Te-99, This radionuchide
has been detected in all wells except CPP 33-4 and MW-6 with the distribution provided m Figure 4-8. The

macrmum Te-99 concentration detected in the upper perched groundwater zone was 10542 pCyL in well
MW-5,

Two wells (MW-10 and MW-20) are completed in water-bearing zones at depths of approcamately
42 m (140 ft). The maamum concentrations for H-3, 5r-90, and Te-99 from these wells are
38,000+50 pCUL, 25,800=30 pCi/L, and 12742 pCi/L, respectively, A comparison of the water quality from
the wells completed m the upper perched groundwater body [Le., at approximately 33 m (110 ft)] to this
deeper zone indicates an morease m both H-3 and Te-99 concentrabons and a decrease in the Sr-90
concentrations.

4.2.2 Southermn Perched Groundwater

Two perched water bodies have been identified in the southern ICPP. A small perched water body has
been identzfied in the vicinity of building CPP-603 and a larger perched water body has developed from the

Wells that monitor the groundwater quality in the upper perched groumdwater zone around CPP-603
include MW-7, MW-9, MW-13, MW-14, MW-15, MW-16, and MW-17. Of these seven wells, wells
MW-7, MW-9, MW-15, and MW-17 have historically had sufficient water for sample collection. Dnuring the
WAG 3 Rl, sufficient water was only available in wells MW-15 and MW-17.

Water samples were collected from wells MW-15 and MW-17 and analvzed for miscellaneous
morganics, target analyte list (TAL) norgamics, and radionuclides. From the inorganic analysis, only
mirate/nitrite was detected at a concentration excesding either a Federal primary or secondary MCL., The
nitrate/nitrite concentration in well MW-15 was 14,7 mg/L, compared to the Federal prumary MCL of
10 mg/L. The nitrate/nitrite concentration m well MW-17 was 4.9 mg/L.
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25,700--400 pCi/L) and Tc-99 (6.420.6 to 23.740.6 pCi'L). In addition, Sr-90 and U-234 were detscted in
MW-15 at concentrations of 17,200200 pCy/L and 11.8+1 pCi/L, respectively.

423 Percolation Pond Perched Groundwater

Sj:wd]s,deﬂgnmdn[‘?-’alﬂnw;hPW—ﬁ,mh:mﬂndinlﬂaﬁmmmeuppu-mﬂpcmw
groundwater body associated with waste water discharge to the percolation ponds. These wells have been
momitored by the USGS since 1987, Wells PW-1, PW-2, PW-4, and PW-5 have been sampled on a quarterly
basis as part of the ICPP groundwater momitonng program smece 1991 (INEL-95/0056, Rev. 2). They were
not sampled however, as part of the OU 3-13 RL

Since the waste stream to the percolation ponds is virtually the same as the waste stream formerly sent
to the disposal well (with somewhat better contaminant removal than m the past), the contamination in these
wells should not differ significantly from that observed downgradient from the disposal well. As would be
expected, most of the hustoncal radicactivity present in the PW-series wells is from H-3, with Sr-90 providing
a secondary activity contributton. According to the USGS monitoring, activities from both H-3 and Sr-90
have remamed relatively stable with the exception of an increased H-3 activity period in mid- 1988
(Figure 4-5).

According to the results from the ICPP groundwater monitonng program, the constituents detected in
the upper perched water zone that exceeded either a Federal primary or secondary MCL nclude chloride,
mitrate, manganese, iron, and 5r-80. Chloride concentrations generally exceeded the Federal secondary MCL
of 250 mg/L in all wells. Nitrate concentrations excesded the Federal primary MCL of 10 mg/L in a single
sample collected from well FW-4 (14.1] mg/L from the October 1993 sample). Manganese concentrations
exceeded the Federal secondary MCL of 50 ug/L in two samples collected from well PW-2 (165 ug/L from
the October 1991 sample and 60.2 ug/L from the August 1993 sample). Iron concentrations exceeded the
Federal secondary MCL of 300 ug/L in one sample collected from PW-1 (324 ug/L from the April 1993
sample) and the first three samples collected from PW-2 (i.e., prior to September 1992). Strontium-90
concentrabions exceeded the Federal primary MCL of & pCi/L in samples collected from PW-1, PW-4, and
PW-5 wath the maximum concentration measured during October 1991 sampling event at PW-1
(15.7 pCuL).

4.2.4 Deep Perched Groundwater

Four wells at the ICPP monitor deeper perched groundwater zones. These wells melude MW-1,
MW-17, MW-18, and USGS-50 that are completed in water-bearing zones occurring at depths between 99.4
0 102.4 m (326 to 336 ft), 109.7 to 116.1 m (360 to 381 1), 120.1 to 126.2 m (394 to 414 ft), and 109.7 to
123 4 m (360 to 405 fi), respectively. Historically, two rounds of groundwater samples have been collected
from MW.-1, one round of groundwater samples have been collected from MW-17 and MW-18, and a
substantial database concerning radioactive contaminants is available for the water quality from USGS-50,
Results from these water sampling events are described in the WAG 3 RIFS Work Plan (INEL-95/0056,
Rev. 2).
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Figure 4-9. Historical H-3 and Sr-90 concentrations in the PW-series wells (USGS records).
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body. The onty chemical contaminant to exceed either a Federal primary or secondary MCL was
mitrate/minte. Nitrate/mitnite was detected above the Federal primary MCL of 10 mg/L at a concentration of
69.6 mg/L. The radionuclides detected in water samples from well MW-1 include Sr-90 (4.520.4 pCiyL) and
H-3 (24,700=400 pCiL). Of these contamnants, only H-3 was measured above the Federal primary MCL of
20,000 pLiL. Smce H-3 concentranons in the deep perched water zone are higher than the H-3
concentrations in the overlying perched water bodies, the source of this contamination is either from a
hastoncal release where the contaminants have moved through the system or waste water disposal to the ICPP
mpection well.

Well MW-18 15 completed in the deeper perched water zone near the eastern boundary of the ICPP.
From the June 1995 sampling event, only mitrate/mtrite concentration at 34 4 mg/L exceeded either a Federal
prumary or secondary MCL. The radionuclides detected m the deep perched groundwater at this location
nchude H-3 (73,000=700 pCyL), 5r-90 (207+2 pCi/L), and Tc-99 (736:6] pCi/L). The H-3 and Te-99
concentrations from this well are some of the highest concentrations measured mn the perched groundwater
beneath the [CPP,

USGS-50 was ongmally mtended to be completed i the aquifer, but was ultimately drilled to a total
depth of 123 m (403 ft) to momitor a deep perched water zone, This well is located in the north central
portion of the facility, to the south of the northern perched water zone and upgradient from the former ICPP
disposal well. According to the histonical water quality, the highest concentrations of H-3 and Sr-90 occurred
m 1969 and 1970 (Figure 4-10). These elevated concentrations were attributed to the failure of the ICPP
disposal well where the waste water was mjected mto the vadose zone rather than directly to the aquifer. The
relationship between the ICPP disposal well dis~harge and the water level and H-3 concentrations n well
USGS-30 is shown m Figure 4-11. Based on the response cbserved i well USGS-50 and the ICPP disposal
well records, it appears the weil failed in mid-1967 and allowed approcamately 3.41 = 10° L (9.0 = 10* gal.)
of waste water to be injected into the basalt above the 69-m (226-ft) plug (Robertson et al., 1974). The ICPP
disposal well was repared by early 1971, It agan failed in the 1970s and was repaired in 1982.

Smee 1970, H-3 and 5r-90 concentrations have vanied little between sampling events, indicating an
overall shght decrease with tme. Two penods of slight merease are noted with the first period occurring
from the late 1970s until 1982 and the second peniod from late 1986 to early 1988, The first period of
increase (from approsamatety 1978 to 1982) was probably the result of the ICPF disposal well failing and
injecting waste water directly mto the vadose zone. 1f is uncertain exactly when the ICPP disposal well failed
the second time, however, 1t was reportedly repaired by 1982, The second penod of merease, from late 1986
to early 1988, 15 after the ICPP disposal well was taken out of service. The increase in Sr-90 concentrations
during this period suggests either (1) a local, post-disposal well source ar (2) a delay in the migration of
contamnation from a near surface source. It should alsc be noted water from overhying perched water has
been observed leaking into the wellbore though the annular space. This mixmg of water from two perched
water zones placss additional uncertamty on the representativeness of the water quality from USGS-50. The
leaky borchole annulus was repaired durmg the FY-94 ficld scason

From the May 1995 water sampling of USGS-50, the concentrations of all chemical contammants

except mitrate/monte were below Federal primary or secondary MCLs. Nitrate/mitrite concentration was
measured at 31.3 mg/L, compared to the Federal pnmary MCL of 10 mg/l. Radionuclides m the
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Figure 4-10. Historical 11-3 and Sr-90 concentrations in well USGS-50 (USGS records).
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Figure 4-11. Relationship between discharge to the ICPP injection well and water level and H-3
concentrations in USGS-50 (Robertson et al., 1974).
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groundwater that were detected mclude H-3 (61,900£700 pCi/L), Sr-90 (151£2 pCi/L), and Tc-99
(63x1] pCi/L). The concentrations for H-3 and Sr-90 are within the expected values based on the historical
sampling conducted by the UISGS.

Well MW-17 is the only deep perched water monitoring well located in the southern portion of the
ICPP. Thus well has been constructsd to monitor three perched water bodies: an upper zone from 55 .4 1o
584m (181.7 o 191.7 ft) bls, a middle zone from 80.4 to 83.5 m (263.8 to 273.8 fi) bls, and a lower zone
from 110to 116 m (360 to 381 ft) bls. During the May 1995 sampling event, water was only present in the
upper and lower zones. Nooe of the chemical constituents detected in the groundwater exceeded either a
Federal primary or secondary MCL. Ouly two radionuclides (H-3 and Tc-99) were detected in groundwater
samples collected from MW-17. The concentrations of these two radiomuclides were similar between the
upper and lower perched water zones. H-3 concentrations varied from 25,1004400 to 25, 700400 pCi/L and
Tc-99 concentrations varied from 5.9:0.6 to 6.420.6 pCi/L.

4.2.5 Sedimentary Interbed Results

Twelve perched water wells were drilled and instafled in 1993 and 1994 during the perched water
imvestigation at the ICPP. Sedimentary interbed samples were collected and analyzed. The results of this
analysis are summanzed in Table 4-3. A review of the data indicates a large presence of gross beta activity at
the MW-2 location, most of which is due to S5r-90. This confirms that Sr-90 has migrated to the 110 fit
interbed from a mumber of possible sources that include the release areas within the tank farm or possibly
from the old calcme bin storage located next to MW-2.

4.3 Snake River Plain Acuifer

The water quality in the SRPA at and downgradient from the ICPP has been adversely impacted due to
past facility operations, primarily related to the disposal of wastes through the ICPP injection well. This well
was the primary source for waste disposal fram 1952 through February 1984 and used mtermittently for
emergency situations until 1986, It has been estimated a total of 22,000 Ci of radicactive contaminants have
been released m 4.2 = 10°° L (1.1 = 10'" gal.) of water (WINCO, 1994). The vast majority of radicactivity is
bemg attributed to H-3 (approximately %6%) with minor components of Am-241, Te-99, 5r-90, Cs-137,
Co-60, iodine (T)-129, and Pu. During the last 2 yrs of operation (1984 to 1986) when it was onky used for
emergency situations, the injection well discharged 0.002 Ciin 15.2 * 10°L (4 = 10° gal) of water, A
discussion of the waste discharpge to the ICPP injection well is provided m Section 4.1.1.

Since the 1950's, the USGS has installed 33 monitoring wells around the ICPP to characterize the
occurrence, movement, and quality of the water in the SRPA. The radioactrve and chemical character of the
water in the SRPA is determimed from analyses of water samples collectsd as part of a comprehensive
sampling program to identify contaminant concentrations and define the pattern of waste migration in the
aquifer (Orr and Cecil, 1991). This sampling program has been in place since the carly 1960s and provides
an excellent database to evaluate the impact of facility operations on the SRPA. The location of the wells
completed in the SRPA and the frequency of groundwater sample collection by the USGS are provided in
Figure 4-12. -
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Table 4-3. Summary of radiological resulls from sedimentary interbed samples at the ICPP (pCig).

6CTF

uin ft Groas Grom 241 Coldd_ Co60  Celd4_ Cal37  EulSd  ELLISS

IPOIDIOIBG  MW-1 2312325 13+ 3 214 2 HND ND ND ND NI ND NI
IPOI0IBO MW-1 3753781 13t 3 %t 3 HD ND ND ND NI ND ND
APGI0S01BG MW-2 1116112 140 & (i TG00 4+ 100 09 & 7 HI HD HI» ML I M
POIOINIBG  MW-2 942945 %4 4 400+ W0 06+06  ND ND ND ND ND ND
APGHID40 B MW-2 1091105 520+ 1% T4000 + 100 LR HD HD HD HIL¥ My HL¥
IPOIOIOIBG  MW-3 1181183 15+ 3 7 3 ND HD ND MD NI ND ND
WPOIBIIBO  MW-3  138-139 164 3 Wi 31 ND ND ND MD ND ND ND
IPCIIO0IBG  MW-4  106.8-108 16+ 3 75t 1 ND ND ND NI NI ND ND
I 130VRG MW-5 1195120 Bld+24 520+ % M HD [l M HILx HID» HD
IPGIIE0IBG  MW-6 10621068 Be24 I5¢ 2 ND ND NI} NI NI ND NI
3G BG MW-a  141-141.5 9% 3 oz 3 0+ 02 Ly MY HI¥ HI» HD ML
IPGII0IBG  MW-7  103.6-104 95224 254 2 HD D ND ND ND ND NI
IPGI2201BG MWA  1217.124 174 3 /e 3 0+02 ND ND ND ND ND ND
IPGI2E01BG  MW-9 14561484 e 3 Br 3 002 NI ND ND ND NI NI
AP0 2500 BG MW 05 8-106.1 4+ 4 1300+ 10 M M HD HI» ML MY NI
IPGI2B0IBG  MW-10 109-109.5 18+ 3 87+ 3 ND ND ND ND ND ND ND
IPOI290IBG  MW-10 154.0-154.3 124 3 754 3 HD HD ND ND ND HD 24 .05
IPOIZI0IBG  MW-11 11371153 18+ 3 %+ 3 11£05  ND NI ND ND ND ND
WPOII0IBG MW-11 1341354 13+ 3 1+ 2 ND ND ND ND ND ND ND
IP1 3301830 MW-12 117.E-118.1 5424 Gl 3 Mk HI» M Wy M HD HD
AP0 3401 R0 MW.12 1520.1525 i+ 3 Wi 3 08 & 03 My [ |1 My L 10 ] NI} 21 £ 05
NINI0IES  MW-17 2082105 M4+ 4 4+ 2 03£03  ND ND ND ND ND ND
JIOIOIES  MW-1B 1961965 94117 s444 6  ND ND ND HD ND ND ND
IN00IES  MW.1E 3976308 124 2 M+ 2 ND ND ND ND ND ND NI
JINGOIES  MW-18 397.6-398 e 2 7+ 2 ND ND MDD NI ND ND ND
JIN0I0IED  MW-18 42075421 17+ 2 3+ 2 ND ND ND ND ND ND NI
INSOIES  MW-20 108 29+ 5 We 3 03LOF WD NI ND ND ND NI

NI = Mot Dielected
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Table 4-3. (continued)

Sample Number Well _ [epth(fl) Nb9S  Pu238  Pu2i9240  Rul0d  Re06  Sb-125  Se90 UZ34 U235 L2
IPOI0I0TBO MW.l 2312828 HD M HI¥ MY WD HD M W NIy NI
APGIOI0IBRG  MW-1 3753781 M M WD MY M D 2] ] NI M HD
AN B MW-2 1116012 HI3 0 +103 0+ 04 M HID NI 40400+ 10 1 & .10 0. 10 LEN ]
AFGaD) Bo MW-2 94 2945 M 0 +03 0+ 05 HD HID NIy FENO 10 94 .10 0& 10 8+ 10
IFGIM0IBG MW-2  109-100.9 ML 003 i HI» HIY ML FELIER Bi 10 o 10 B0
IPGI0T0] B MW.3  JI8-1183 HID HI HI» HID M I NI My ML¥ HIL»
IPGIOSOIBG MW-3 (38139 MY HID WLy HD MY e |1 D MY HI¥ HI¥
IPGIIDOIEG MW 1068-108 M I MIY M L] ML) 2R 50 MDD M1 M
APCH 1 300 B MW-3 119.5-120 (31N ] W ML ML NI WD 2i+2 [ ] N M
IPGlIsMBG  MWE  106.2-1068 My MY HI» HD HI» HIx LY HD M HID
APGITMIBG MW-E  141-141.5 HI 0 .03 0 i 03 MY HD HD 3745 Bt 10 0 10 94 10
IPGIH90IBG MW7 1036-104 HD My MDD M HID HD MY M HI 4 |
IMGIR0IBG 2 MW.E 1237124 N 0+02 L [ ] M NI 4+ M L1210 010 1.1& 10
IFH2G0IB0  MW-S  1496-148.4 I 0 +02 002 M ML) M} Blo+2 132,10 02 10 id+. 10
IFOIS0IBG MWW 1058-104.] M HD HI HI» HD HD HI» ML ML M
IPGIB0IB0  WMW-10  109-109.5 WD M M M HI» ] 322+ %0 HI» M HI»
IPCI2A0NIBG  MW-10  154.0-154.3 HI¥ Ml HIY Iy M MY 2.5 T My MY HD
AFGN3I0IBG MW 113.7-115.3 HI} 0032 03 .04 M1 NI HD o [] 1,10 0 10 1.1 & 10
APGIIZNBG BOW-11 1341354 HI» M HD HD HI NIy HD I HD MY
IPGINIBG MW-12 11TE-11R1 WD HD NI M WD HD ¥+ 00 HD D ML
IFGH0IBG  MW-IT  1520-152.5 W 001 0402 HI M WD ] 164 10 D6Ex05 14410
I3 noeEy MW-1T DE-210.5 HI O 202 D202 HI MY Lk 04 30 6T+ 06 01405 GR+ .06
JII0I0IES MW-1B  19%6-196.5 HD ML HI¥ [y |} MLy ML 321 & 200 HD HD NI
N NED W-18 397 .6-398 M M HD ML HD HD M4 20 D HD K}
A3 1601 ED KW-1R 397.6-398 HD MY HD My HID HD J&.10 D HD M
JNI0BNES MW-18 42075421 [ K] HD M N I HD J£ 20 MY M M
J3501E9 MW-20 108 NI 0.0 002 HD [ ] I 0+ A0 T4+ 07T 02105 744 07

HD = Not Detected.
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mm&mmﬁsmhm}hgﬂﬂlmwﬂﬂywmm 1997), detectable
concentrations of H-3, Sr-90, Co-60, Cs-137, Pu-238, Pu-239/-240 (undivided), and americium (Am)-241
Em:mhnhﬁmﬂhhhﬁﬂhuMMNmmmwﬂ—lﬂi
Dﬂfrus?dmm:mﬂfmmmmhudmunfndimcﬁwdhpuimﬁmm
rndmlcuv:tuymddunaummdlmuﬂmm Chemical constituents detected in SRPA at the
INEEL mclude total chromium, sodium, chloride, and nitrate. Purgeable organic compounds were detected in
mplgﬁw_mﬂ:ldtlﬂEEL This report provides information concerning the distribution of chemical
and radionuclide constituents in the SRPA and covers the period from 1992 ta 1995, Of the 14 purgeable
organic compounds detected at the INEEL, only 1,1,1-trichloroethane was detected in the vicinity of the ICPP
ummmﬂmwmmmnwnﬂudm}dzm“nm

_TI_::IEPPhu 2 groundwater sampling program of selected SRPA wells to satisfy the groundwater
monitoring requirements for the RCRA and DOE Order 5400.1. This sampling program, implemented in
October 1991, uses selected USGS wells and collects samples on a quarterly basis to be anahvzed for the
quality parameters, and selected radionoclides. The resalts from this sampling program are provided in the
WAG 3 RI'FS Work Plan (INEL-95/0056, Rev. 2). Also, wells ICPP-Mon-A-021 and -022 were installed to
monitor the SRPA water quality beneath the sewage treatment plant.

In May and June 1995, a complete round of groundwater samples were collected from the aquifer wells
located near and downgradient from the ICPP (sec Figure 4-12). The results from this sampling effort are
provided in Table 4-4, and described in the following subsections. '

4.3.1 Contaminant Distribution

4.3.1.1 Cesium-137. According to Bartholomay (1997), Cs-137 has been detected sbove reporting levels
through 1985 in wells USG5-40 and USGS-47 at the ICPP due to liquid-waste discharge to the [CPP
mjection well Durng 1982 to 1985, maximom concentrations in wells USGS-40 and USGS-47 were
237445 and 200450 pCi/L, respectively. During 1986 to 1988, Cs-137 was not detected in these wells (Orr
and Cecil, 1991). Since 1988, cesium-137 was detected in one sample from well USGS-40 (70430 pCi/l. on
January 15, 1990) and one sample from well USGS-47 (70230 pCi/L on April 29, 1992). Cs-137 was not
detected in any of the aquifer wells sampled during the WAG 3 RI. The half-life for Cs-137 is 30.17 yrs.

4.3.1.2 Plutonium. Monitoring the quantities of Pu-238 and Pu-235/-240 (undivided) discharged to the
ICPP disposal well began in 1974, Prior to that time, alpha activity from phatonium disintegration was not
separable from the monitored, undifferentiated alpha activity. During 1974 through 1985, about 0.15 Ci of
Pu-23% and 0.05 Ci of Pu-239/-240 (undivided) were discharged to the ICPP injection'well. During the

period from 1986 to 1988, approximately 0.06 Ci of plutonium isotopes were discharged to the infiltration
ponds at the ICPP. The half-lives of Pu-238, -239, and -240 are 87.7, 24 100, and 6,560 years, respectively.

According to Orr and Cedil (1991), plutonium has been detected in the SRPA near the ICPP in wells
USGS5-40 and USGS-47. Both of these wells are located near the ICPP mjection well. In well USGS-40,
Pu-238 and Pu-235/-240 (undivided) were last detectad m Jamuary 1987 at concentrations of
0.47+0.16 pCi/L and 5.520 4 pCu/L, respectively. In well USGS-47, Pu-238 was last detected in October
1983 at a concentration of 0.5+0.06 pCi/L. Since the 1986 to 1988 period reported by Orr and Cecil (1991),

4-32



'_I‘!hh 4-4. Wﬂumﬁmhnﬂhmlﬁaﬂ:&ﬂn SRPA (May—June 1995).

Well MW-1t USGS 34 USGS 33 USGS 3
Demte L) May-95 bday-95 M-85
Sample Dirpth 46419 0 479 47733 10 700 4T7.76 1o 380.5 477481 367.1
Sample [T Ulmies 313300401 JIRIGR00 31330301 il n il
Fleld Furumssiers

Temperanars { cvinsen ) 133 1231 12,08 1278
pi 788 757 7.7 711
Comdactivity { e on 0468 0.454 0.486
TAL Lo pasbcy

Abaminuen (gL 68U 499 B 514 BU -4 R
prs—— fug'L) 15U 22U 23U 19U
Arsens (ugl) 4 lzu LB U iU
Farmm {ug'L} 12 B 951 B sl B 109 B
Baryikium (L) ol AR 01w a1y
Cademien {ng'L) a4 U 29U 18U 04U
Calciam {ug'L) 2300 7000 57400 17200
Clenivan {ugL) alv 216 ™3 135
Cohalt {ug'L) s u sy AR U 0s
Copper {ug’L) 1% B (AR 71U 2 BU
Lpvan. {upT.) nsy T MNig 213U
Lismd {ugL) F3 ) 11 W] 15 Uw 1
Tl geien {ugl) 1Ea 14300 14500 14700
blargancar {ug’L} 18 12u 12u nE U
[edaraary {ugl) 1o [ 1w ok U
Bkl {ugLy v 114 U 124 U AU
Folammam (uglL) 4% B 2640 B 0B ITh BEY
Seelermum {ugl iTu 120 120 2T
Silver fugL) 08 U i3 BNR £5 ENR 0 1M
Saalirern (ugL) 3a00 10000 w930 1 &500
Thhaalliarrs e Y 45U 3w 13 UW 45 U
s mmmidnam {ugL) I B [N 4U 3.7 BU
Imc [ 142 B} 2.6 B isB 2 BELD
Larvonsam {mgl) nau Jau Mauog auy
B b il

G, Alphs {PCILY B2 2al3 U T4kl Adild
Croms Beta {pCiL) 460 131 Tkl 3243
Tremm {pCiL) DA ATME21T £530=7%0 G40
Sr-0 PGy B ] T3 Loekll Y Bl 5
Pu-I33 {PCiL) =007 U WD O ND
Pu-T¥0240) (pCLL) DBkl 0S LT ND KDy WD
Ame-T4 (pCiLy OLl&E00T LY ND HD WD
Np-17 pGiL) 3103 U ND ND ND
129 {pCiL) O3 LT [ Gel3 U =3 U
Te=59 {pCiL) kil T L 0505 U EREL
U2 {pCiL) 07603 ND ND ND
Lhz3s (PO G2 LS N HD WD
L=I3R ?ﬁl‘l.] 0801 NI ND [o'1%]
MA - o menaymed.

L - mel. chotaciad.

ME . mot sasnpled
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Table 44, (contmued).
f—

Wl LISGE 37 LISGE 34 LSGS 39 LGS 40
Dt hllary-33 Illay-5% bary-51 blay-85
e L i 4TT6] 1o 573 STR03 i TH AT9.16 1 5TIS 461,58 to §79
Sasnple IV Thudis 31330501 V1AB0601 1330701 31330801
Fiedd Furmmerisr

T enperansy { clmin) 13,46 14.41 121 1431
pH 1.7% 759 .M T4
Copdactivity | I | 0751 0737 0434 0534
TAL inargusics

A {agl) WME U &R U 429 U WET
Ay gL} 15U 15U 413U 15U
Arsmic gL} 4U 4U 1LEU 4U
Hariam fagL) mB 197 B o B 3B
Herylinam fag/L) (TR v v a1y
i gL} 04U o4 U 1B oey
Cabsitam {agrL) 71200 AN SBO00 E2100
Charmmaer fapl) T1B 16 B ! ¥ 3B
Cobalt fag/L) sy LR A5 U LU
Copper fagl) 13y 1au iU 13 u
Trom (gL} nsu 23U 948 2130
Lamd (L) A5 E U LS UwW U
Jelagnoium {ag'L) 15900 1R 15700 100
LTS T T {apl) oxuy 084 B L4 BU g w
Marcary (ugL) 0l u alu a1l a1 v
Wickesl {agiL) 34U 14T 124U 40
Prstmsssam (gL £330 BEJ 4500 BEJ 50 B 1510 BEJ
Sebeviing (ugL) iTU a7u 12U iruy
Sibver (gl 0E UN 06 UK 51 UM 06 UM
Sl {apL) 41900 TI000 L4 16190
Thallmre (gl 48U PR 23 Uw s
 aneiuam (ag'L) A BU is B 1B 15 BU
Zime (gL} I E 186 BEJ 1] ] 216 EJ
Liroomium {og'L) I3 u jlau 3 u nsuo
el losarne ol

arcams Al (pCiL) 1718 U FL ] 162] U kS ]
Cirom Bastn (pCiL) 1847 (5 *%] 32412 S
Tiritism (pCiL) 17700400 1 Th00:400 TG0 SR04
] (Pl TS 19407 03 17 a6 I
Pe-138 (pClLy KD HD ND 14
P T2 (pCL) i s WD 1] KD
Aum-T4 1 (pCiLy ND ND ND KD
Hp-IIT (poiL) WD ND MND HD
K19 (pCiL) [ 3 17 Chisl 4 Oeld T
Tes® (pCiL) 7305 L] ¥l 39409
(5L T] [Py ND ND HD KD
1235 (pCaiLy ND ND ND KD
1238 (pCiLy ND ND ND KD
K - ot smabyzed.

NI - et dhetacalan].

HE - mot gl

1 - madyred, ot detected.
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Jable 44. (continued).

Well USGE 41 U508 42 USGS 44 USGS 45
D b33 Muy-33 M35 hary-52
Sample Depih 646,53 1o 6744 464 B3 w0 6T 451 5K o 650 741 a3
Sample T Umtn 31330901 31334301 31331160 31331200
Fudd Pareseicm

T omperaturs {cotana) 13.08 1339 1218 1233
pH 741 737 7.69 1.5
Conductivity { Ermueman | 0484 0. 46K 0T 0.441
TAL Imorpasico

Ahamirmum {apL) WE U e E-L R 72 By
Animeary fagl) 15U 12U g2y 15U
Arenic {agL) AU 4 LL U R
Flasnaem fagL) I H LIRS HSE <3 ]
Beryllum fag'L) oo 01U L (N
Lackmuan gLy o4 U 04 U 2910 [ PR
Calciam {agl) SOROD SER00 6300 4400
Chresmiumn {ugl) 3B 54 B 35U 518
Cobak gLy oSy LR PR 0w
Capper fagL) 1au L BU Taiu 13w
T (gL 2141 i 0] Tn nauy
Lizaci {ugL) iUl U 15 Lmar 2U
Magnesnies {ugL) 16700 16200 L4 14700
Mlangmness (gl 08 1 OE Lr 1.3 B 0E U
Telaroury {agL) 0l B ol u Ll [N
Hackel fugL) 34U 341 124U 34U
Frotaseius (gL} 2410 BEJ 350 BEY 2% B 1510 BES
Sclouam gL} 27U 27U 12U Ty
Sisver fagL) 06 UM 06 UM 51 UM 06 N1
Sebiuam fgL) 13200 10500 a6 100
Tl (ug) 461 45T 11U A6 U
Vanadum (ug'L) 4.1 B 4.1 B 428 BT
fox fug'L) 0.8 BELY 11.1 BELS 3B 4.5 BU
Zaconium {ug/L) I 31310 13U ND
Hadbmmnchiden .

Croms Albpha (PCIL) dlzl4 18213 Tkl 3 2312 U
Gross. Bty (pCILY 124a23 133 14kl ]
Tratuem (Pl TT 250 TER( 200 SEl=138 2540 150
R0 (PO 15 Rall 6 9, 7wl 1503 TR0
Pu-133 (pCiL) WD L0 T WD 18]
Pu-2/240 (L) ND D03 1 D N
Am-241 (pCiL) ND Bk, 14 ND ND
Fp-237 {pCiiL) i) Bt 11 U MO ND
k129 PCEL) D03 U B3 U 003 el 3 U
T (pCiL) E2s06 Rall OLdsllE T AslS 1T
-4 (PCEL) KD [ N WO
L-zas {pCEL) WD Bed.2 U KD MO
[hh] ] (pCaL) KD 0909 ND N
WA - pot snalyzed

W - el el d

HE - ool mampled
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Wl TSGs % T USGS 43 08 51
Do Mlayegts b 55 M43 ]
Sample Terpth e BTt ] 45035 w0 653 Al 16w TEI 38, TT w0 659
Sample ITH Unitn 3131301 3134401 31331401 31331600
Fleid Parssssicrs

Tomperinice {owlEiuE) 13.32 162 14.77 1amn
pH 755 ™ 743 788
Comcductinery i e | 0.5l 054 055 .53
TAL Inorgunics

Alssrnm (gL} 120 BUS 253 BU £1.5 BU 68U
Amtwroery (agL) sy Tu a3 U 15U
Arsamc (gL} iU 24U 12U 40
Harwen ugL) 107 B M1 B BB 1 B
Beryilios (ugL} a1 u ol u a1y alu
Cacheingm, {ugL) 04 U a3 U 59U 04U
Caloie {ug'L) 4300 AR 700 0400
lwernasm (ugL) 47H &TH 53U L: B
Cobalt (egL) 053 B 0E U a8 U oS U
Cogpper {ngL) 3y 1l ¥ o 146 BU
rom {ugL) 119 1B T IsuU
el fugL) iU iv LS Uw 9 B
Mol grieiiios: {ugL) 17100 17200 15700 000
biangasear (gL} 13 B 0y LY B nEU
Maraary (ag'L) ol 033 ol B 0 U
Micka| (gL} U 1.k U 124 U 34U
Foussmiiien (ug/L) M40 B 200 B 2930 B 3000 ET
rimnium (sgL) aTu 2 B LB 1Tu
Sibwer fuglL) 06 TT og U 535 BNR 06 UN
‘v {ugl) 1] 20000 14500 23700
Thalliss {ugL) 456U 33U U 45U
v i, (ugL) 4B SR | 418 57 BU
Zins: {ugL) 76 BU 180 LN 165 EJ
Ziroonsam (ug'L) Mavu 1L6 U Mnay nawuw
Bl b el

Cirums Afpha {pCiL) 1813 ] 1315 U 1313 U 03213 U
Groms Pt (pCiL) Py ] 233 Biad 57=14
Tritiam Py OB B0 15800400 11 AENTYY TR
S (pCiL) Ikl g &Tal 1 F R L] DLk 3 1T
Pu-23% (pCilL) ND ND G003 U 1]
Pu-2357240 (PCL) MD D Dt Y MDD
Am241 {pCilL) ND e G003 U i)
Np-237 {pCAL) i) WD Dall1] T D
k129 {pCiEL) Qa4 U 0103 U [ LR Ol 4 T
Te-o ipCiLy 9.7:0.7 1743 2ul)7 08408 1
Ly pCiL) WD L0 8 I 5l 4 HD
.23 Py ND Lk [ ] D
L-x pCiL) D DLl S 1 08403 KD
MA - mot mnalyasd

D = ot chetcal].

ME - mot ssmpbed

U - mmadymend, oot desissciend,

B - contmmines in biank

E - concentralion & o bl

F o st comcaniTarion,



L

Wl UsGs 52 UsGs 57 US0s USGS &7
Lbmte Doyt ] Rl ]
Sl (il AT T 630 47 %8732 470 4o 657 467 50 &0
Barnple [T} Ulnitn 31331701 YR AIE ] 31331%0] 31332001
Fleld Parsmssier

Tenperanse [t ) 3.9 11,77 1489 P
pH 748 17 1.1 748
Condursivery [rscrmen | 0473 LELL 0ET 0278
TAL Insrpamies

Ahsrwam fugrL) 265U WA 364 BU 5.7 BU
Astmmoery {mgL) 15U N 3B 15U
Armorme gL} 41 40U 0L B FRij
Barium {ugL) LN 0.9 B 188 B 135 B
Beryllnmm gLy ol a1y olw ol w
Cadanisiemn (gL o U 04 U o4 U 04 U
Calsim jugrL AET00 SO000 E2%00 T
Chromium (gL} 61 B 41U 31 B 36 B
Cosbuaclf {ug/L) a3 U GEN LR s
Copper {ugl) 1.7 BU 13y 14 RS 13w
b gLy nau svu nsu TR
L {ag'L] U 21U 2u 5 BU
himgremim gLy 14100 250 16800 21700
Bugares (=gl) 0E U 08 U o o8 U
hdrcaary gL oy LR B o1y a1
Mickal fug'L) 34U 34U 340 4y
Frtasigem fug/L) 280 BE! 1% BES 140 B 40 ET
Sebermm fug'L) 27U 17U 413 BU 5 BT
Sy {ugrL) e LN 0s UN s WL a6 NUT
Sl {ugl) 400 4400 TETO0 44700
Tinallingg gL 48U 45 U 4501 45U
 ensdE inglL) 4% BU LE BU a1 | 1.1 BI
i (e 5% BELD 4.4 BELT %6 k7.
Zircomsurs, iegl) AU 13y D MO
el i .

Ciroms Alpha (pCiLy 1831 1R T 1217 U 1&k18 U
Ciross Bt (poiLy 1633 321 4349 L
T (oL NP0 300 1 R} 1 TR0 21 D400
S0 (pCiL) 121408 70T 12:0.9 10 %004
Pu-TiR (poyLy ND Gl 87 T HD D
Pa-X¥0240 (pCILy ND Bl i 1 N0 ND
Amm-24] {pCIL) ND 0.09+0.07 U ND ND
Hp-137 {pCEL) MO Ol 14 U D ND
B (L) o= I 4103 U 003 T 103
Tods {pCiL) e L7 p: M M) 1341
=23 {pCIL) KD Dl 4 MO HD
T334 {pCiL) HD 03 T HD KD
Oz __[lﬁrl.: WD L8=03 U D D
NA - oot snabyzed

| Qe —

HE - mol wasmplad.

U - snabyzed, s doincted,

B - certemmant in blask
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Table 4-4. (continued),

Wl ~ USGE 77 Us0s 12 SGS o USGs 85
Drue Moy ] Mday-33 blay-9% May-51
Sarnple Derpil ATL26 w0 610 Al 5 OO ARE 56 i 505 ATH 07 10 637
Bammple T Unlis 31333101 31337301 3133201 Y h ]
Fleid Parssseiers

T i [cxdmnm ) 1305 1148 1223 117
pH Ty bk | 731 T
Condactivany {Ermerner ) 0704 0.1 0454 0308
TAL [morgemb

Ahsngnun {agL) HIU A4 BU 63U x4 BU
Anirrery fupl) iU 220 L5y sy
Arseme fuglL) R 1B 40 40U
Biasriaam {mgL) 147 B B ¥L6 B ITE
Beryllius L) a1y alu Ly a1y
Casiierguom {mpL) 04U 19D oy 04U
Caleiam fugL) AR000 5300 A5300 A0
il {ugL) 114 isU 199 163
Coball (gL} LER 45U oS U CELS ]
Copper (gL} 3 BU 71U 47 B 13w
T {agL) 214U LE B 1B iy
Lasmd (ag'L) iU L5 LW T3 8B iU
[ETTs—— fugL) 206600 L3000 170 16200
Flangaress (agl) L 1.4 B LEu i*B
belaraary (gL} 01U a1y a1 U Bl U
Hicicel gL} 140 124 U 40 LR
Frstusgiam {agL) #4030 BEJ G0 B 00 BET 3530 BES
Salenam (agL) 'y 120 T u Ty
Silver (gL} 07 B 3.8 BMR 0.6 LN 0.6 AN
Bosfinen (agL) 00 10400 e 25600
Thadlam (gL} 45U 13U 46U 45U
* anaduumn {mgrL) 17 BU 99 B 11 B 11 B
Zime: gL} 53 BELD 10u 41 1 E5 B
Lo (ugL) au nauy Mau NI
| R— -

Do Allpia (pCaL) A5]7 1511 lall U Bl
Uit Fcta (pCiL) 132 A1+l Lokl 3 Dk
Trmie (pCELy A0 0000 I U £700:210 11800300
-3 (pCaLy L3 A8 U a3 U Al 4
P14 POy ND ND ND ND
Pu-230240 (pCiL) D KD HD HD
A4 Py ND ND ND ND
Mp-3T7 (pCaL) HD MO WD ND
k129 (pSiL) LTk Gy T el 3 17 03 7
Toi pCiL) 7507 0148 T 0.Rad 6 17 646
134 (pCaL) 1] D ND ND
=133 (pCiL) ND D ND ND
s {pCiL) ND ND ND ND
HA - oot snshyzed

NI - i chettnrstiond

ME - et ke,

U - nabyned, st desimotod

B - contsminsms in bismk

B - comoeiralioos b urmabds

L=
i
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Well USGS 111 USGS 112 UsGS 113 USGS 114
Dot By 5 TR hlwwtts T
Sampls Derp ATH9 10 357 479,67 363 A0 w0 564 AT4.0T w 364
Sample [T L™ 31332401 11332501 31333601 I1AFTMN
Flchl Farmmrice

T aperatun {oelsius)| 13,46 1354 1337 13,95
pid g2 14 ™ ™n
Conductiviey | messrnen | 0,608 0.1% 0543 K]
TAL Imorgumies

Fy— {ug'L) T4 B 441 BLI 83U BEU
Antnomy fug'L} a3y 190 R 15U
s {mgL) e 41 AU AU
Barsam {ugL) 103 B 05 107 B 2B
Barviliusn gL} a1y 01w o1y ey
Cadmium (gL} 25U 04U o4 U 04U
Caloium (gL} SE100 T1500 000 25500
Chrmamisaz {agL) 98 &8 a1 AR
Coball {mgL) 49U (LR s U (LR H
Copper {ag'L) AR 13 W 1.7 BU 3.5 BU
from (agL) IR i3y a3 U FiE NN
Lesd gLy 15 Uw U Iy R 1]
Maymeansm (ugL) L] 19000 0 1700
Sl anga reas (L) 120 LEU 0E U o i
Morosy gL} a1 u a1l | oy oy
Tadkel gL} 124U 4 u 14U 4 U
Protamen e gL} 3600 B 4910 BEJ 1310 BEJ 3830 BEJ
Seberimm, fag/L) 14 B 17v 11y iTu
Silver {agL) 51 UM L8 LT 038 BT 0 U
Sanem, {ag/L) 21700 17000 13500 19800
Thallusm gLy 23 W A6 U AU a6 U
 snadicm {agL) &l B 16 B 1.8 BU s BU
Zinc L) 200 169 907 EJ 261 EJ
Ziroomsium [ug/L) Ay KD AU AU
i bmmctidees

Carvem Al poaL) 0212 U I%17 U GalE U O.4al.l U
Coreas Enin {pCiL) A5k13 TRl kP 10l
Tritism {pCiL) AP0 O 1 Tk 15500300 T OO0
S (pCIL) 02803 U 20 5ad.7 1205 05204 U
Fe-138 {pCiLy ND o 1 KD ND
Fua- TV T 40 (P ND kil 04 7 D KD
Am-341 {pCilL) KD 0.09:007 U D ND
Hp-Z3T {pCaLy ND 0020, 14 1) ND NI
[N ] (pCIL) 0wl 3 U 0. lad4 U 0103 U G003 U
Te-5% (pCL) 1.3=0.% U 1Ex] 9607 11
L (PCL) KD L3l ND KD
E L] {pCiLy i) G2 U 14] WD
L {pCiLY ND Okl 3 U ND ND
Bk = mot mmmbyad.

N - ot et

NS - nol smpled

1 = enabyzed, pot detecied
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Table 4-4. {contimued).

Well ISGS 110 “LBGE 116 USGS 131 USGs 12
Dot hdwp 55 by 35 a5 hday-2d
Sample Depth AT 10 581 46471 0 55D 455,12 18 4T3 A e 7
Sampls TD Unbis R il 33T 31333001 11333101
Flaid Farmmsstery

T-——I- | o 1331 1199 128 1139
pH 789 i | 7.5 765
Comdaciiviry { e 0URS 0.6 CLdzd s
TAL Inorpunies

Alurmmem fugL) MET 6E U 3.6 BU HE T
Ay (gL} 18U 19U 19 B 18U
Arsenic (gL} AU i 148 R
Harnam (gL} B 1T E ELi B 114 B
Eearyllinm (ugL) 01U ol U iy 0l u
Caderman fagL) 04 U (TR 04 U 04 U
Calboims (gL} 40100 9000 STHO0 G000
i, {agL) TTE 1B i1 B a1t
Cobult fugl) asu s o (LR a5 u
Copper {agL) 17 B 1 BUT L3 1o Ly
iron gL} 113U s v 213 U s U
Land {agL) 1B 1% B au 1U
bl gresiom {mgL) 12600 1 7000 14100 11500
Sengurcss {ug/L) TR (TR (TR o
Mercury {ug'L) 0lu (TR ol U ol U
Michie] {ugrL) 141 14U 14U i3 B
Frtamonn {ugL) 00 BET 4530 BEJ s BES EEO0
Selanimm (ug/L) 1Ty 17U 3 BUS iTUu
Silver (ug'L) b UM 6 UM 06 WL 0 U
Sodinm (ug'L) 13100 12200 T MEDD
Thallium (ug/L) BT 46T 46 U 46 TF
L {ugL) 41 BU 44 BU 14 BI 13 B
Lime (gL} A% ET 157 ET &1 BL 462
Lrmaniem (agl) AU nau WD nau
-

Ciross Alpha (pCiL) ek T | 15216 Lhll Likl] T
Circes Bata (pCiLy Edi]d 18 17aLl 1%l
Tt (pCSL) SRE0TI0 B RalS0 SR U 1ML
B0 {pCaL) L3 T T L 0303 U 12403
Pu-I38 (pCiL) ND ND ND ND
Pu-239/140 (pCiL) KD ] ND MD
Am-241 {(pCiL) HD D ND i
Hp-137 pliL) HD ND 1] ND
= (pCin) fdl A 1T DedlY T Ol 4 1 [ ]
To-8 PG &) 7 1405 01405 1 2i05 J
LL4 (pCiL) HD WD ND i
U233 (poiL) ND ND ND ND
L33 Lpﬂl.rl..} ND HD NIy M
A - mot snabhyzed

M = it detacted

ME - ool ssmpled.

L = mmaiyvEed, nol delscted

B - conteranent i ek

R - oonoentratsen o usoashde



Vel UsOs 1D CPP-1 CPP2 . LF0d
Dane May-23 Jun-53 bday-53 bday-53
Sample Dnepihi 4GE9 W 4TS L] 594 o
Sample [T Unitw 31333300 313343501 31334501 31333301
Fledd Parumsisrs

Tamperanre s ) 1451 16,6 1532 1184
pH B26 ki 17 T8
Conduativary Jrere—" (T ] 0347 LT oLl
TAL Imorgasion

Ahamimam gL} 69,1 B %R U 45 B 268 U
Ay {ugL) 180 R (R 18U
Arsersc {ugL) in FR i R 40U
Flamam (gL} ImB 1B 186 B 1% B
Barylimum (gL} (R ol v e1u a1y
Casieniie (gL} fé U bd U b4 U i1 W
Caloium [ugl) Tk X100 Trs00 Tl
Chaamisen {ugL) Lé B w1l mu 55 B %1 H
Cidah (gL} (e (LR 0.3 U 0su
g (gL} 118 3v 1w 218
Tron (gL} ] s 23T 50
Lasd {ug/L) iU iy 21 BU 377
beba g {ugL) 15500 17000 21600 20400
hnsgaren: {ugL) 1B iU 0Ev 0Euy
By {ugiL) 014 B Bln (AR ] B
Fackal {ugL) AT H 14U 14T 14T
Frolammuzm fug/L) AT B 2980 B 330 EI 6100
Sebemium (ug/L) 7y 17U 17U 17U
Sy (gl o U (TR 06 WL (TR
Saetharm (L) AG100 Bil0 FFLL 0G0
Thallsam (ugL) &6 U FE A A6 T AT
 armduen (/L) ish 9B 14 B il H
Zimc (L) 73 BU 13 B kL] 57 BU
Liroxsum iugl) Inau Nau KD 3zu
Ko kimmacilies

Cirrms. Adpshs (pCL) 1¥lS U 15%=l.1 U ND 2xl6 U
i Eicta {pCiL) a7 7431 KD p 7]
Traims (pCHL) paL L] Tk 173 KO 210000
Sr-50 (pCLy M) 0803 U HD Ol U
Pa-I38 {pCiLy OL0Re0.06 1 WD KD WD
Pa=XX0 T4} {pCEL) G003 1Y ND HD ND
Ass24] {pCiL) OO0 06 T ND ] 5]
Np-237 {pCiL) D012 U ND KD ND
i (pCiL) B2 U 203 U KD B4 L
To-¥d (pCIL) il el | KD 4. Tl A
Loy (pCiL) 1304 ND KD MO
1%} {pCL) il 2 T ND KD 1%]
- (pCvL) I Lad.d4 ND ] ND
NA - ool saalysed

NI - naoi: dhmisscieel.

NE - mo seraphedd,



*I_'lhl-n 4-4, (contimed).

——
LF3=10

—
LF3-11

Well LFa-13 Lrie
stz Bla- Aig 95 a5 TRl
Sampie [epch 763 &35 439 e
Sampae 1T Uity 31333501 I1FAMGD] Ry il 31 33%80)
Flold Farmssstsrs

T enpersnsre = il ) 1177 137 1189
pH | & Ell 759 i
Cancductity || T | o1 1035 024 o0
TAL Imsrgumics

Al (gL} kL U T63 BT 263U B3 U
Aoy {mgL) 1# U 46 B 18U 180
Amenic gLy 4U 141 41 40
Bl {agL) L1 B 127 B ime 13 B
Beryllioes {mgL) uw ol w aw o
sk o (gL} o4 1 B iTH o4 U
Caloiuem fmgL) E4E00 E200 TTO00 ]
s {agL) s B LEB 41U il
Cobal {ag'L) s v L4 B o4 B I B
Copper (gL} it B 13 BU i 138
Trem {ag'L) FTERH £3 BU IR niv
Lamad {mg'L) 10 2u 122 1
Ml gresiamm {agL) 1RO 1 She ) 20300 20100
hdanpness fagL) 6 U LR E7B g U
hderoury (ugL) ol 1 1w 044 Ll
ikl (gL} 34T 206 nip 34U
Protassiism {ugpL) 40 B 1490 ET 1340 950
Serbenaam {ugL) 7o iTH 178 38
Hulwer (gL} 04 I OEU [ L
SaediiEn {upL) 11700 34500 AP0 4T700
Thallnam {ugpL) 45 U 3.4 B a6 U As U
anadism {ug'L) 4B a7y 23 B iTH
Limnc {mg'L) 183 BU 112 BELD H.I 45
Lircooius {agL) Jauo 1180 Naw aw
bl i e i s,

Carcma Abpha. {pCalLy Tai3 U olT U Léklé U x| L
Groms Beta ALy okl 3 a3 133 172
Tritiusmn pCiLy T30 T 25200k 25200400
Sr-80) (piLy 0703 0.4 3 T 0303 T 0203 UF
Pu-I78 (pCiLy ND ND KD ]
Pu-219/240 (pCaLy ND WD HD D
Am- 141 (pCaL) ND ND KD KD
Mp-227 (Pl ND D KD ND
M= (pCiL) a3 U 03603 U 12403 Q303 U
Tess ipCiLy Ouisl.5 17 3. Liel).3 1 Suel] )6
T2 poaLy ND KD i) KD
113 AL ND MO MD NI
L2138 1pCEL) NI KD NI ND
WA - ot by

KD - ot dhtrnad

HE - ot sumphbed.

U - moabyped, not detecied,

B - oonlssnees o blask



Well LFa0% L3-10 US0S 36 UsGS 67
Dinix b5 Aug-53 Deplicasis Inmplucatr
Sample Tieptin 00 L5 ]| ATT A% 567.1 467040 1o 558
Sareple [T Uimita J1A33901 11324001 1I4R01 1TA500]
Fisld Parsssicrs

Tempersturs {oelemm ¥ 1296 127 1400
pH 18 L1 78 748
Conductiity { e | 0581 0771 0.ARE 0575
TAL Insrpanics

Alnmenem {ug'L) %3 U .4 BU 22U M
Antimey (ugL) 12U Ty 13U HA
Arsns {ugL) 4 U 14U i HA
Harnmm {ug'L} 1mB 1528 108 B M
Berydliven {ug'L) a1y (RN 01w HA
Cadrrmam gL} 048 B o4 BU 04T M
Cabriien fugL) SE%00 &5700 L5000 M
Claromium, {ugL) 41U ERN ] 129 M
Cokall (upL) 0B nes B (LR KA
Coppar {ug'L) 128 152 BU LE BU HA
Iroe (gL} & B £3 BU AN WA
Ll (gL} 119 258 2U HA
Pl i {agl) B0 150 14300 Na
SangEnams fag’L) 11 B o4 B aE U HA
Marcary (gL} oy alu aly Ha
Pkl {ag'L) 4T B TH 4T NA
Poussies fugL 5000 4210 BET X0 BES NA
Solamum (gL} 27U 2B 2Ty Ma
Sikver (ug'L} os U 0g L a6 UN Ha
Solinn {ug’L) 36500 A0 00 NA
Thallasm (gL} 46U T4 BLU €6 U MNA
Visadiem {ug'L) iB 25 BUI 13 BU A
Zine {ugL) 168 1% EJ &2 BELD Ma
Lireoasum {ug'L) a2y 116U nauy Ha
e bl

Ciross. Alpha (pCEL) 1Ral4 U 1%1E T 218s11 BElS T
Ciroms Bola {pCiL) 312 1% a2 £Ta
Trmusm {pCaLy 26500400 | TE00H400 6110230 31 ki)
Sr-00) (pCEL) 0203 U Tk ] FTa L] 12.8=0 9
Pu-238 (pCaLY HD 18 WD D
Pu-139/240 {pCIL) ND KD ND ND
A 4] (pCAL) N HD HD WD
N7 {pCIL) ND KD ND ND
Rl (pCiLy 0503 O2s03 T fad 3 U Ge03 1T
Tews {(pCalL) Gk & 105 4003 121
s (pCiLy N 1] WD MD
=233 (pCalL) HD HD WD NI
L3 (pCiL) HD NI ND NI
A - nol snabyzed.

M - mat dotected,

HE - noi ssmplsd.



|

B0 121

—_————
LISEE 47

Wl CFPa USGSE 47
e [hspincats Duplicsts Jun73 Jun-33
Sample Depth 455,03 w473 53 442 w0 4T0LE 453 w45 L5
Sample [T Unbis 3401 II4601 31340601 31340701
Flokd Parsmseters
Tamperature {eelsius) 1.6 132 163 163
pH 75 17 175 .75
TAL Imergemics
Abamiraam gL} LT BU 6.8 U MA A
Asizmeary fugrL) (ERY iR A A
Arveic (ugL) i i A HA
Farmum (gL} 0.7 B P B WA, W
Baryilluam {ugL) ol alu MA A
Cachrmum gLy o4 U 04U A WA
by (ug'L) 53500 23106 MHA MHA
Chrumum {ugL) 518 41 u MA MA
Coball (gL asu asu WA Wi
Copper (gL L3 Ul 13.5 8 N WA
Treny (ngL) nsv IR HA A
Land {ngL) r i iU HA HA
Bell grrmenn oy (gl 14304 16300 MHA HA
Mangames: (ug/L) 0z U (TR KA Wi,
Moy (gL} o1 0 A A
Wickasl (ng'L) 340 340 A N
Potnsizm {=g'L) IR0 BES M B A HA
Seremnar (gL} 53 B 17U MHA HA
Sidver (gL} 0§ WL (TR A Ha,
Soeiam (gL} 7430 110 HA HA
Thallsum (ugL) s U FF 4] i Ha
V amadinm {ugL) LR is B M M
Einc {ug/L) 85 B L6 B NA HA
Zrooniues fugL) ND 32U MA HA
PEN TR
Corows. Allphu. {pCiL) 47212 Lkl I LaslE T FETSN
Grom Beta, (pCiL) 18213 el 1052 265 Ted
Tritiam (pCiL) Ta0a123 U 136156 U 000 el
B3l {pCinL) B d 1) 073 U 34l k] U
Pu-I38 (pCiL) i) ND NI i ]
Fra-TH5240 {pliL) HND HD WD HD
Ame241 (pCiL) WD ND 21 ] ND
Hp37 (pCiL) HD ND 18] ND
| K} (pCiLy LR (RN B3 T B2E03 T
Te-9 (P OLl+05 U 11w 5 11943 1721
LI (L) i ] ND KD NI
U238 {pCiL) ND ND ND MD
ek it EpCiLY WD WD ] ]
M - ool analyzed
T - mt dbeiartad
M5 - mot smmphed.



Vel USG5 47 US0S 47 USGs 47 USGS 47
D S Jun-%3 ] Jun- 55
Semnphe Dhepths SIS 320 558w 5668 T SRR 450 e 4918
Sarmple [T} Undin 31340801 31380901 F134 01000 I1341101
Firdd Parmmricrs

T eespsaruure i ol 162 163 182 162
i .75 7 775 7
Conductrviry { e | .54 .54 .54 0.54
TAL Insrypamies

Az (gL} MHA Ha Ma MA
Atinsceny {ugl) MA HA HA HA
Arnam {ugL) MA MA NA MA
Esariums {nglL) MA MHA HA Mk
Bervllisan fugL) MA M HA HA
Cacrsun {uglL} NA NA NA NA
Calonam {ugl) A HA HA HA
Clwrossurer (gL} MA HA HA Ma
Cbal [ugL} HA Ma HA NA
Copper {ugL) HA Ha HA HA
I=m {ugL) A HA HA HA
Lead fugL) MA HA MA HA
Telm grewam (gl MHA HA HA HA
Bdangueese (el MA HA HA NA
Mdercary (gL MA HA A HA
Mkl (gL A MA HA NA
Fotasnuin {agL) HA HA HA HA
Sekeniiem (egl) MA M MA MA
il wer {mgil) MA MA MA NA
Sadiiam {ugL} MA MA MA Ha
Thalliem (ugL) MNA MA HA HA
Vmamcun (ugL} LY A M M
I {ugL) MA MA MA A
Lireonzem fuglL) KA Ma MA HA
Hadionsuides

Corms Alpha {pCiL) T3al2 J 15212 & 5] 4 ldal3 U
Ciross Fsta {pCiL) 14843 153 13143 26k
T (P 5310260 (YR ] TIMIR) 1 BT
590 (pCiL) wkx] 41zl Ak] dick:| 1
Fo-I38 Py ND join] WD NI
Pu-T¥240 Py MDD WD D NI
Am-241 {(pCiL) ND MD MD D
Hp-1O7 (P HD ND uD e
F1Z8 [l =N 003 1 003 1T a3 1T O.Ra03
To (L) [+ M sl 3] 18l
234 (pCirL) ND MD MND ND
L334 (pCiL) WD WD KD ND
[Fs (piciL) ND ND D ND
MA - mt mebyred

WD - moll, detlipcine].

MS - not smpbed.

U1 - anabvmed, not detected

B - conlemnan m blank.

B conoerraing o bl
I - catimmested comoemirateon



Wall USOS 47
Liwte Tum-94
Samphe The il 596 1o G048
Sample T Tnts 11340401
Fleid Puremssters
T emperanere |- DR NA
pH MA
TAL Inorgesies

(ag'L)
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fugL)
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Pu-238 was only detected in a single water sample collected from well USGS5-48. The sample was collected
in October 1990 and had a concentration near the MDL at 0,05=0.02 pCiL. During 1992-1995, all
phutonium measurements at the [NEEL were below the reporting level (Bartholomay, 1997). Plutonium was
not detected in amy of the aquifer wells sampled during the WAG 3 RI field investigation of 1995,

4.3.1.3 Americium-241. Amencium-241 is a decay product of Pu-24] and has a -life of 432.7 vears,
According to Orr and Cecil (1991), Am-241 has only been detected in the SRPA near the RWMC and TAN,
Since 1988, however, Am-24 1 was detected in well USGS-44 durmg July 1992 at concentrations of
0.07=0.03 and 0.0820.03 pCi/L, in well USGS-37 durmg October 1992 at a concentration of

0.0940.03 pCi/L, and in well USGS-85 during June 1991 at concentrations of 0.08+0.03 pCi/L. During
1992-1995, all ather plutonium measurements were below the reporting level (Bartholomay, 1997). During
the WAG 3 RI field mvestigation m 1995, Am-241 was detected in well USGS-42 at a concentration of
0.5440.14 pCo/L.

4.3.1.4 lodine-129. From 1953 to 1983, an esttmated 0.01 to 0.136 Cifvr (0.56 to 1.18 Ci) of 1-129 were
contained in the waste water discharged to the disposal well (Maon et al., 1988). For 1984 to 1986, the

anmual amount of 1-129 m the waste water discharged to the [CPP percolation ponds ranged from 0.0064 o
0.039 Ci.

Four rounds of groundwater samples (1977, 1981, 1986, and 1990-1991) have been collected by the
USGS from the SRPA at the [CPP (Mann and Beaslev, 1994), During 1990 through 1991, samples were
collected from 50 aquifer wells. Figure 4-13 displays approcamate areal extent of groundwater containing
greater than 0.1 pCi/L [-129 based on the 19901991 sampling results. According to Mann and Beasley
(1994), “In 1990-199]1 conccnirations of I-129 m water samples from wells that obtain water from the Snake
River Plain aquifer ranged from 0.00000060.0000002 to 3.82+0.19 picocuries per liter (pCi/L). The mean
concentration in water from 18 wells was 0.81+0.1% as compared to 1.3+0.26 in 1986." Mann et al (1988)
reported a similar decrease in [-129 groundwater concentrations between the 1981 and 1986 sampling events.
Decreases in the [-129 concentration in groundwater at the ICPP are attnibuted to (1) the decrease in the
amount of [-129 disposed annually, (2) a change in the disposal techniques from the disposal well to the
percolation ponds, and (3) dilution by infiltration of stream flow from the Big Lost River.

During the WAG 3 RL I-129 was detected in wells USGS-67, LF2-12, and LF3-08 at concentrations of
10,3 pCi/L, 1.2+0.3 pCi/L, and 0.9+0.3 pCy/L, respectively. Two of these wells are located several miles
downgradient from the ICPP indicating the contarination is from a historical release rather than an on-going
source. The Limited amount of [-129 contamination in the aquifer is consistent with the observations made by
Mann et al. {1988) where decreasmg [-129 concentrations were m‘buudtnd:aﬂnnglalzﬂdupmumd
the change in disposal techniques. The half-life of 1-129 is 1.5TE+{07 years.

4.3.1.5 Tritium. A H-3 plume has developed in the SRPA since the 1950s from disposal of liquid wastes
at the INEL, The principle sources of H-3 m the aquifer have been through imjection of hiquid wastes through
ﬂ::disp-us.-lwdluﬂ::I[:EPmddu:h:g:ufmmmﬂrhﬁhnﬁmpmd:ud:IEPPmdmm.
It is estimated approximately 30,900 Ci of H-3 have been discharged to the SRPA at the ICPP since 1952
ICPP. The remainder of the H-3 was discharged to the aquifer via the ICPP percolation ponds.
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5 = WELL FROM WHICH WATER SAMPLE FOR IODINE-129 WAS MHED
IN 1990-91—-Mumber, 57, is local well identifier; P indicates well obtains
water from a perched zone. See table 2 for lodine-129
concentrations in wells

Figure 4-13. I-129 distribution in the SRPA during 1990-1991 (taken from Mann and Beasely, 1954).



According to Orr and Cecil (page 30, 1991), "Tritium concentrations in water from the Snake River
Plun aquifer decreased by as much as 39,000 pCi/L during 198628, By October 1988, tritium
concentrations ranged from 7002200 pCuL to 61,600=1,100 pCi/L and the tritium plume extended
southwestward in the general direction of ground-water flow. The size of the plume in which tritium
concentrations exceeded (.5 pCi/mL decreased from about 51 mi® in October 1985 to about 45 mi® in
October 1988, The area of the phmme containing tritium concentrations in excess of the maximum
contaminant level (MCL) of 20,000 pCi/L (EPA 1989, p. 551) decreased from 4.4 to 2.8 mi® " They
attributed the reduced concentrations of H-3 and decreased size of the plume to radicactive decay processes,
overall reduction in H-3 disposal rates, dilution from recharge, and changes in the disposal methods. Long
term radioactive decay processes and an overall decrease in tritum disposal rates have contributed to
decreased concentrations and a decrease in the area of the tritium plume at the INEEL during 1992-1995
(Figure 4-14).

Ih:di.mibulimufﬁdinﬂ::SRPAfm‘hitylWiis:huwninﬁmn#-li.Thu:imn{lheph:meﬂm
exceeds the federal drinking water standard of 20,000 pCi/L. is approximately 3.3 km? (1.3 mi®), significanthy
smaller than the 7.3 km® (2.8 mi”) reported in October 1988, Using these areas, the distribution of H-3 in
May 1993, an aquifer thickness of 76.2 m (250 ft), and an effective parosity of 10% vields approximately
706 Ci of H-3 currently present in the SRPA. This is a rough approximation of high uncertainty due to the
assumptions that were necessary for this esumate. Of the 44 aquifer menitoring wells sampled during the
WAGER_T.,wi.tﬂslmplﬂﬁ'mll“ﬂsﬂnﬁdﬂdlh&dﬂﬂMCLme-Enflﬂ,Dﬂﬂ;Eh’L H-3
concentrations from these 11 wells was a maxamum of 30,700 pCi/L in well USGS-77. Historical H-3
concentrations for the USGS and CPP aquifer wells were provided in the WAG 3 RUFS Work Plan (INEL-
95/0056, Rev. 2).

4.3.1.6 Strontium-80. A plume of 5r-90 has formed downgradient from the ICPP primarily in response
to the ICPP disposal well According to Orr and Cecil (page 32, 1991), "in October 1985, the size of the
strontium-20 plume where concentration exceeded 6 pCi/L was about 2 mi® (Pittman et al , 1938, p. 53); the
concentrations of strontium-90 m wells 57 and 47 were 74+5 and 635 pCi/L, respectively. Strontium
concentrations decreased as much as 33 pCyL duning 1986-88. By October 1988, strontium-90)
concentrations ranged from 82 1o 48=3 pCi/L, and the area of the strontium-90 plume had decreased to
approximately 0.8 mi*. The strontium-50 concentrations in wells 57 and 47, both within the plume,
decreased to 4143 and 4823 pCi/L, respectively.” They attributed the reduced areal extent and concentration
of 5r-90 to the diversion of hquid radioactive wastes from the disposal well wo the infiltration ponds n
addition to radioactive decay, diffusion, dispersion, and dilution from natural recharpe. Since 1989,
concentrations of Sr-940 in water samples from most wells have remained relatvely constant. Figure 4-17
depicts the plume sxtent for 2, 8, 40 ad 70 pCi/L based on the most recent data.

The distnibution of Sr-20 m the SRPA for May 1995 is provided in Figure 4-17. The arcal extent of the
S5r-90 plume has decreased between October 1988 and May 1995, consistent with the previous years’ trend.
The size of the plume excesding the federal drmking water standard is approximately 1.6 km® (0.6 ma®).
Using the distmbution of Sr-%0 m May 1995, an aquifer thickness of 76.2 m (250 fi), and an effectrve
parosity of 10% yields approximately 027 Ci of 5r-90 currently present in the SRPA. This is a rough
approcamately of high uncertamty due to the assumptions that were necessary for this estimate, Of the 44
aquifer monitoring wells, water samples from 16 wells exceeded the federal dnnking water standard during
May 1995 of 8 pCy/L.. The maximum Sr-90 concentration detected in the aguifer was 84 pCiL in weil
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Figure 4-14. H-3 distribution in the SRPA during October 1995 (Bartholomay, 1997).
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Figure 4-16. 5r-90 distnbution in the SRPA during October 1995 (Bartholomay, 1997).
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MW-18. Historical Sr-90 concentranions for the USGS and CPP aquifer wells were provided in the WAG 3
RIFS Work Plan (INEL-95/0056, Rev. 2).

4.3.1.7 Technetium-99. Tc-99 was identified in 32 of the 44 wells sampled during the WAG 3 RI
(Figure 4-18). The highest concentration of Tc-99 were identified in the north central portion of the ICPP m
wells MW-18, USGS5-47, and USGS-52 having concentrations of 44844 pCy/L, 23543 pCi'L, and

17442 pCyL, respectively. The Tc-99 plume extends to the southwest of the ICPP and includes wells
US(G5-123, USGS-57, and USGS-39. The maxamum Tc-99 concentration outside the ICPP security
permneter fence is 49 pCi/L i well USGS-123,

4.3.1.8 Inorganics. During the WAG 3 Rl, water samples were collected from all aquifer wells and
analyzed for CLP metals plus drconium. From the 44 wells tested, only the water sample from well LF2-11
exceeded a federal primary or secondary MCL. The magnesium concentration mn LF2-1 | was measured at
62.8 .g/L, compared to a federal secondary MCL of 50 ug/L. This well is located approximately three miles
downgradient from [CPP and since magnesium was not measured in other wells above the federal secondary
MCL, this contamination is oot hkely associated with the [CPP

4.3.2 Background Concentrations and Regulatory Limits

The established Federal Primary and Secondary Maximum contammant Levels (MCLs) and back
ground water quality for the SRPA are included in Table 4-5 for morganic, organic and radionuclides. The
background inorganic concentration reported by the USGS m Orr et al. (1991) are for filtered groundwater
samples. The Primary MCLs are the maximum permissible levels of contaminants in water delivered from a
public water system. The EPA uses M”Ls under the Safe Drinkimg Water Act as reference pomts for water
resource protection efforts when groundwater in question is a potential source of drinkang water, The
Secondary MCLs control contarmnants m drinkmg water that primarily affect the aesthetic qualities. The
Secondarv regulations are not Federally enforceable, but are intended as guidelines for the States.

A repart by Orr et al. (1991) descnibes the background concentranons of selected radionuchides, organic
compounds, and morganic chemucal constituents m the groundwater from the SEPA in the viciity of INEL.
concentrations based on the mstrument‘method detection level. Any anabyses that resulted m non-detects for
a given constituent were not used for the determuination of background concentrations.

4.4 Verification of Source Inventory

At the time of this wniting, a mumber of issues were raised regardmg the inventory of contaminants
considered in this RUBRA Report Specifically, the concern focused on radicactive contaminants that, given
the nature of the former reprocessing mission at the ICPP, should be present m areas where HLW sclutions
have been released to the soil. The presumption is that raffinates produced by the reprocessing of spent U.S.
measured during recent and past field imvestiganions. To help address this concern, the computer code
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Table 4-5. Federal drinking water standards and background concentrations for inorganic constituents,
orgam . and radiommclides.

Federal Primary Drinlang Federal Secondary

Water Standard Drinlang Water Standard

40 CFR 141.11 40 CFR 1433 Background®
__Inorganic (ugil) (ugll) (ugil)
Arsenic 30 — 2=3
Barum 1,000 — 50-70
Beryllium 2,000 — —_
Cadmium 10 — <1
Chromium 50 — 2-3
Chloride - 250,000 —
Copper —_ 1,000 —_
Fluonde 4,004 2,00 400=500
bron — 300 —
Lead 50 — <5
Manganese -_ 50 —
Mercury 2 — <01
Mitrate 10,000 —_ <] 400
pH _ 6.5-8.5 —
Selenium 5 - |
Silver -_ —_ <l
Sulfare — 250,000 —
TDS - 500,000 —
Thallivm 200 — —
Zinc —_— 5.000 —




Table 4-5. (continued),

Federal Primary Drinking Water
Standard 40 CFR. 141,12
40 CFR 141.61 Background®
Organic {ugl) {ugl)

Yolagle Organic

Benzene L1 <02

Carbeon 5 =12
Tetrachloride

1, 1-Dichloroetiviens 7 =02

1,2-Dichlorcethyiene 5 <02

para- 75 <0.2
Dichlorobenzens

Total 100" =02
trihalomethanes

1,1,1- 200 < 2
Trnichloroethane

Trchlorestindene 5 =2

Vimyl chlonde 2 =) 2
Pesticides Herkicid

Endnn 0.2 ==).01

Lindane 4 <1.01

Methonowchlor 100 <001

Toxaphene 5 <]

24-D 100 .01

2,4,5-TP Silvex 10 <0.01

o Background for Snake Biver Plun Aquifer m the vicouty of INEL {Ovr etal, 19913,
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Table 4-5. (continued).

Federal Primary Drinking Water Standard

40 CFR 141.15

40 CFR 141.16 Background®
_ Padonuchde (pCi/mL) (pCi/ml)
Total Uranium® — 0-0.009
Radium 226 & 228 0.005 <0.0035
Radon 222 — 0-0.25
Plutonum 238 — 0
Plutonum 239,240 - 0
Amenicium 241 —_— 0
Tritium 20 0.75-0.15
Strontum 90 0.008 0
lodine 129 — 0-0.00005
Gross alpha® 0.015 0-0.005
Man-made beta Concentration causing 4 mrem/yr total body or 00008

organ dose

Cesium 137 — 0
Cobalt 60 — 0

& Background for Snaice Fiver Flam Aquifer in the viemity of INEL (Cwr ot al., 1991).

b. Total wranderm is the sum of T334 T1-235, and T-238,
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ORIGEN was used to evaluate the imventory of radioactive contaminants that could be expected in the waste
solutions released within several areas at the ICPP. The computer code simulates the activation, actinide, and
fission product yields for the fissioning of U-235. Ideally, the composition of the nuclear fuel, cladding
material, reactor time, and other nformation about the Navy spent fuel would need to be known to estimate
the irventory and quantities of radionuclides present in the spent fuel. However, this information is sensitive
and could not be obtained. The approach used to help address the issue of missing contaminants was to
compare the screened results of the ORIGEN code against soil contaminant field measurements and/or
assumptons used to estmate sources for use in the groundwater model. As a result, any contaminants
dentified as potentially mussing from source estimates can be explained as uncertainty and the impact it could
have on the results of the RI'BRA.

Results from two ORJGEN runs were used to provide a benchmark of the radionuclides that could be
present in areas where these wasts solutions were released  One of the ORIGEN nms was based on a high
ennchment fuel configuraion used by Oak Ridge National Laboratory (ORNL) to conduct irradiation and
material studies. This ORIGEN run was already available and was developed with assumptions of 93%
U-235 fuel enrichment (i.e., 285 grams of U-235 per element), aluminum cladding, 49% fissional yield (or
U-2335 “burn-up™), a fissionable period of 234 days, followed by a decay period of 10.8 years. The other
ORIGEN run was prepared by perscanel familiar with the reprocessing histery at the [CPP, especially during
the November 1972 release of HLW dunng a transfer between tanks WM-181 and WM-180, now known as
gite CPP-31. The assumptions for this nm are descnbed in Appendix N of the RI/BRA but mclude the type
of fuel and extraction chemistry being used at that time.

The raw results from both ORIGEN nms each included over 150 different radionoclides. These were
reduced to a more manageable number by separately placing the results of each ORIGEN run through a
screening step. The technique used is that recommended by EPA in the Risk Assessment Cudance that
consists of a tondcity-conceniration screen whereby nsk factors are calculated for each contaminant, and those
having a factor of less than (.01 can be screened out from further consideration.  Since site nisks are expectad
to be high, the factor used in this screen was lowered to 0.0001 or 0.01%. Approcamately 25 radionuchides
did not have health criteria and could oot be evaluated Normally, these would not screen out; however, thear
activity relative abundance were very small, ranging between 0.001 to 1E-10% and are not expected to
contribute significantly. The contaminants contributing to a relative nsk of #9.99% for both ORIGEN runs
are shown on Table 4-6. Many of these radioactive contarmmants have a half-life of 5 years or less and wall
decay by a factor of about 1E+06 or more by the year 2095, These are flagged n Table 4-6. Based on the
screened results of both OFIGEN runs, the most significant radionuclides at the ICPFP would be 5r-90,
Cs-137, Eu-134, Am-24], Pu-238, Pu-239, Pu-240, and Pu-241.

The next step in the use of these results was to compare this mventory aganst what has been measured
m the soil, perched water, aquifer, and the source estimates used for the tank farm releases. The purpose of
this companson is to belp identify potential data gaps. The results are shown in Table 4-7. For the perched
water and SEPA, they indicate that the samphng programs have mcluded those contaminants shown by the
screened ORIGEN runs to be of concern.  The results of the comparisons with regard to the soil
measurements at each site are further discussed in each site-specific section of this document.
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Table 4-6. Summary of the results for both ORIGEN simulations.

Simulated Radionuclide Half-Life

Having Risk Fector > 0.01% __ (vears) Potensial Problem Reason
ORNL Fuel
Sr-90+D 25.1 Y
Cs-137+D 30.0 Y
Cs-134 2.06 N Half-Life < 5 years
Eu-154 BE ¥
Eu-155 4.96 N Half-Life < 5 pears
Ce-144+D 0.8 N Half-Life < 5 years
Ru-106+D 1.01 N Half-Life < 5 years
Sb-125+D 2.77 N Half-Life < 5 years
Pm-147 262 N Half-Life < 5 years
Am-241 432 ¥
Pu-238 878 Y
Pu-239 24,100 Y
Pu-240 6,570 Y
Pu-241 14.4 Y
CPP-31 Release
Co-60 527 N Half life is within 5% of the screening criteria.
Cs-134 2.06 N Half-Life < 5 years
Cs-137 ' 30.0 Y
En-154 B.5 b ]
Sb-125+D 2.77 N Half-Life < 5 years
Sr-90+D 29.1 Y
Pm-147 .62 M Half-Life < 5 years
Am-241 432 Y 1
Pu-238 87.8 Y
Pu-239 24,100 Y
Pu-240 6,570 Y
Pu-241 14.4 T




Table 4-7. Summary of which nuclides were sampled for in the aquifer, perched water, and

Site Am-24]1 Cs-137 Eu-154 Pu-238  Pu-239  Pu-240 Pu-24]1  Sr.80
Aquifer X X X X X X X X
Perch>d Water X X X X X X X X
Soil Sites
Tank Farm
CPP-20/-25 X X X X X X X
CPP-16 X X X X X X
CPP-28* X x X X X x
CPP-31* X X X X X X X
CPP-3IE'W X X X
CPP-79 X X X X X X
Tank Farm South
CPP-15 - zome 1W X X X X X X
CPP-15 - zome 1E
CPP-15 - zome 2
CPP-27/-33 X x X X X X X
CPP-SBE'W X X X X X X X
WCF
CPP-35 X X X X X X X
CPP-36/-91 - zome 1 X X X X X X X
CPP-3&/-9] - zone 2
CPP-£3 X X X
Old Storage Poal
CPP-01/-04/-05 X X X x X X
CPP-08/09 X X X
CPP-10 X X X
CPP-11 X X X X X X X
Storage Yard East
CPP-03 X X
CPP-17A X X X
CPP-17B X



Table 4-7. (continued).

Site Am-24] Cs-137 Eu-]54 Pu-238 Pu-239 Pu-240 Pu-24]1 _ Sr-90
WAL 3 individoal sites

CPP-06 X X
CPP-13 X X b
CPP-14 Imhoff X X X X X X
CPP-14 Plant X X X X X X
CPP-14 Drain X X X X X X
CPP-19 X X X X X X
CPP-22 X X X
CPP-34 X X X
CPP-3TA X X X X
CPP-3TB X X X X
CPP-67 X X X X X X
CPP-89 X X X X X X
CPP-90 X X X

Motz X's" indicate mdioactve conteminants that were anshzed for m the various environmental medivm. Spaces are blank in
this table 1o mdicate mdicactve contaminants that have not been part of the ssmplng program.

o The CPP-2E (and CPP-T%) rolease estmate for groundweier madeling wie was based on nelease history and not scel data therefore
the “X™ denoites contaminants mchoded in the gw release. This estimate did not meiude Am-241 or Pu-738. See Secton 9 of
Appendix F for » discusmon of uncertmnty and/or popacts to ihe mmulasons from not inchuding these C0Cs. The same comment
Applies 1o onby Pu-238 st CPP-31
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October 1, 2002

Subject: Region 9 PRGs Table 2002 Update

From: Stanford J. Smucker, Ph.D.
Regional Toxicologist (SFD-8-B)
Technical Support Team

To: PRGs Table Users

With this cover letter, we announce the update to the Region 9 PRGs table for 2002. The PRGs table
contains over 600 pliminary remediation goals (PRGs) for contaminants in soil, air, and tap water.
Region 9 PRGs are risk-based concentrations that are intended to assist risk assessors and others in
initial screening-level evaluations of environmental measurements.

As their name implies, Region 9 PRGs may also be viewed as preliminary cleanup goals for an
individual chemical, but in this context, they are best viewed as dynamic and subject to change
because they are generic and based on direct contact exposures which may not address site-specific
conditions and/or indirect exposure pathways at sites (See Exhibit 1-1 in “Region 9 PRGs Table
Users Guide/Technical Background Document”). Also for planning purposes, these human health
based PRGs should always be considered in conjunction with ARAR-based PRGs (e.g. MCLS),
ecological benchmarks, and “background” conditions before establishing a final cleanup level for a
particular site.

You can find the PRGs 2002 table, InterCalc tables, "Region 9 PRGs Table Users Guide/Technical
Background Document”, and additional helpful toxicological and risk assessment information at:

http://www.epa.gov/region09/waste/sfund/prg/

We view risk-based PRGs as “evergreen”. Ongoing changes to the PRGs reflect continuing
improvements in our scientific knowledge base and state-of-the-art approaches to risk assessment. In
the newSupplemental Guidance for Developing Soil Screening Levels for Superfund Sites
(Supplemental SSL Guidance, EPA 2001a), two different soil ingestion rates are assumed for non-
construction workers: 100 mg/day is assumed for outdoor workers whereas 50 mg/day is assumed
for indoor workers. The default value of 100 mg/day for outdoor workers is also recommended by
EPA'’s Technical Review Workgroup for Lead (TRW), and it reflects increased exposures to soils for
outdoor workers relative to their indoor counterparts. For more on this, please see Section 4.1 of the
“Region 9 PRGs Table Users Guide/Technical Background Document” or refer to the Supplemental
SSL Guidance available at the following website:

http://www.epa.gov/superfund/resources/soil/index.htm
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Because the Region 9 PRGs are generic and intended for screening sites early in the investigation
process (often before site-specific information is available), we have chosen to use the 100 mg/day
soil ingestion (i.e. outdoor worker) assumption to calculate industrial soil PRGs. Please note that
previous issues of the Region 9 PRGs table assumed 50 mg/day soil ingestion rate for workers. This
change in soil ingestion rates is reflected in a somewhat lower (more stringent) industrial soils PRG
for many contaminants. The appropriateness of this assumption for a particular site may be evaluated
when additional information becomes available regarding site conditions or site development.

In addition to changes in exposure factor assumptions, several chemicals have new or revised toxicity
values that results in changes to the PRG calculations. To facilitate the users review, chemicals with
new and revised toxicological criteria are presented in bold in the 2002 table and also listed here for
convenience:acetonitrile, benzyl chloride, boron, bromate, 1,3-butadiene, 1-butanol,

butylbenzenes, cacodylic acid, cadmium (California State value), chloroform,

chloronitrobenzenes, chrysene (California State value), cobalt, 1,2-dibromo-3-chloropropane
(California State value), 1,1-dichloroethylene, diethylene glycol ethers, diethylformamide,
dinitrobenzenes, di-n-octyl phthalate, diphenyl sulfone, ethylbenzene, HCH,
hexachlorocyclopentadiene, kepone, lead (California State value), MTBE, 2-nitroaniline,
carcinogenic PAHSs, perchlorate, polychlorinated terphenyls, benzo(k)fluoranthene (California

State value), propylbenzene, propylene glycol, quinoline, tetrachloroethylene, tetrahydrofuran,
thiocyanate, 1,1,1-trichloroethane, trichloroethylene, 2,4,6-trichlorophenol, 1,2,3-

trichloropropane, triphenylphosphine oxide, tris(2-chloroethyl) phosphate, vinyl chloride, and

xylene.

Also in this update to the “Region 9 PRGs Table User’s Guide/Technical Background Document”,

we have added a brief discussion of special case chemicals for which an alternate approach was
applied in the derivation of the Region 9 PRGs (Section 2.3). Increasingly, chemical-specific
approaches are being used that do not lend themselves to a single PRG model. Special case chemica
that are discussed include: cadmium, chromium 6, lead, manganese, nitrate/nitrite, thallium, and vinyl
chloride.

Finally it should be recognized by all that use the PRGs table that not all PRG values in the table are
“created equal’. For some chemicals, a robust data set exists upon which the toxicological criteria
are based whereas for others, there may be relatively few studies that form the basis of the PRG
calculation. Also, PRGs for some chemicals are based on withdrawn toxicity values or route-
extrapolated values. Withdrawn and route-extrapolated numbers are shown in the table because we
still need to deal with these contaminants during the long delays befaeampht numbers are

ready. Please consult with your toxicologist or agency risk assessor to best address potential
uncertainties associated with chemical-specific PRGs, especially if the chemical is a risk driver at your
site.

As with any risk-based tool, there exists the potential for misuse. We try to highlight potential
problems in Section 3.8. However, it should be noted that the use of PRGs at a particular site
becomes the responsibility of the user. It is recommended that the user verify the numbers with an
agency toxicologist or risk assessor because the toxicity / exposure information in the table may
contain errors or default assumptions that need to be refined based on further evaluation. If you find
an error please send me a note via emaihaicker.stan@epa.gov.



DISCLAIMER

Preliminary remediation goals (PRGs) focus on common exposure pathways and may not
consider all exposure pathways encountered at CERCLA / RCRA sites (Exhibit 1-1). PRGs do
not consider impact to groundwater or address ecological concerns. The PRG table is
specifically not intended as a (1) stand-alone decision-making tool, (2) as a substitute for EPA
guidance for preparing baseline risk assessments, (3) a rule to determine if a waste is
hazardous under RCRA, or (4) set of final cleanup or action levels to be applied at
contaminated sites.

The guidance set out in this document is not final Agency action. It is not intended, nor can it
be relied upon to create any rights enforceable by any party in litigation with the United
States. EPA officials may decide to follow the guidance provided herein, or act at variance
with the guidance, based on an analysis of specific circumstances. The Agency also reserves
the right to change this guidance at any time without public notice.

1.0 INTRODUCTION

Region 9 Preliminary Remediation Goals (PRGs) are risk-based tools for evaluating and cleaning up
contaminated sites. They are being used to streamline and standardize all stages of the risk
decision-making process.

The Region 9 PRG table combines current EPA toxicity values with "standard" exposure factors to
estimate contaminant concentrations in environmental media (soil, air, and water) that the agency
considers protective of humans (including sensitive groups), over a lifetime. Chemical concentrations
above these levels would not automatically designate a site as "dirty" or trigger a response action.
However, exceeding a PRG suggests that further evaluation of the potential risks that may be posed
by site contaminants is appropriate. Further evaluation may include additional sampling,

consideration of ambient levels in the environment, or a reassessment of the assumptions contained in
these screening-level estimates (e.g. appropriateness of route-to-route extrapolations, appropriatenes:
of using chronic toxicity values to evaluate childhood exposures, appropriateness of generic exposure
factors for a specific site etc.).

The PRG concentrations presented in the table can be used to screen pollutants in environmental
media, trigger further investigation, and provide an initial cleanup goal if applicable. When

considering PRGs as cleanup goals, residential concentrations should be used for maximum beneficial
uses of a property. Industrial concentrations are included in the table as an alternative cleanup goal
for soils. In general, it recommended that industrial PRGs not be used for screening sites

unless they are used in conjunction with residential values.

Before applying PRGs as screening tools or initial goals, the user of the table should consider whether
the exposure pathways and exposure scenarios at the site are fully accounted for in the PRG
calculations. Region 9 PRG concentrations are based on direct contact pathways for which generally
accepted methods, models, and assumptions have been developed (i.e. ingestion, dermal contact, an
inhalation) for specific land-use conditions and do not consider impact to groundwater or ecological
receptors (see Developing a Conceptual Site Model below).



EXHIBIT 1-1
TYPICAL EXPOSURE PATHWAYS BY MEDIUM
FOR RESIDENTIAL AND INDUSTRIAL LAND USES 2

EXPOSURE PATHWAYS, ASSUMING:

MEDIUM RESIDENTIAL LAND USE INDUSTRIAL LAND USE

Ground Water Ingestion from drinking Ingestion from drinking
Inhalation of volatiles Inhalation of volatiles
Dermal absorption from Dermal absorption
bathing

Surface Water Ingestion from drinking Ingestion from drinking
Inhalation of volatiles Inhalation of volatiles
Dermal absorption from Dermal absorption
bathing

Ingestion during swimming

Ingestion of contaminated fish

Soll Ingestion Ingestion
Inhalation of particulates Inhalation of particulates
Inhalation of volatiles Inhalation of volatiles

Exposure to indoor air from | Exposure to indoor air from
soil gas soil gas

Exposure to ground water Exposure to ground water
contaminated by soil leachate| contaminated by soil leachaje

Ingestion via plant, meat, or | Inhalation of particulates

dairy products from trucks and heavy
equipment
Dermal absorption Dermal absorption

Footnote:
®Exposure pathways considered in the PRG calculations are indicated in boldface italics.



2.0 READING THE PRG TABLE
2.1 General Considerations

With the exceptions described below, PRGs are chemical concentrations that correspond to fixed
levels of risk (i.e. either a one-in-one million [J@ancer risk or a noncarcinogenic hazard quotient

of 1) in soil, air, and water. In most cases, where a substance causes both cancer and noncancer
(systemic) effects, the £&ancer risk will result in a more stringent criteria and consequently this
value is presented in the printed copy of the table. PRG concentrations that equaté¢anzdi0

risk are indicated by "ca". PRG concentrations that equate to a hazard quotient of 1 for
noncarcinogenic concerns are indicated by "nc".

If the risk-based concentrations are to be used for site screening, it is recommended that both cancer

and noncancer-based PRGs be used. Both carcinogenic and noncarcinogenic values may be obtained
at the Region 9 PRG homepage at:

http://www.epa.qov/region09/waste/sfund/prg/

It has come to my attention that some users have been multiplying the cancer PRG concentrations by
10 or 100 to set "action levels" for triggering remediation or to set less stringent cleanup levels for a
specific site after considering non-risk-based factors such as ambient levels, detection limits, or
technological feasibility. This risk management practice recognizes that there may be a range of
values that may be "acceptable” for carcinogenic risk (EPA's risk management range is one-in-a-
million [10°] to one-in-ten thousand [1]). However, this practice could lead one to overlook

serious noncancer health threats and it is strongly recommended that the user consult with a
toxicologist or regional risk assessor before doing this. For carcinogens, | have indicated by asterisk
("ca*") in the PRG table where the noncancer PRGs would be exceeded if the cancer value that is
displayed is multiplied by 100. Two stars ("ca**") indicate that the noncancer values would be
exceeded if the cancer PRG were multiplied by 10. There is no range of "acceptable”
noncarcinogenic "risk" so that under no circumstances should noncancer PRGs be multiplied by 10 or
100, when setting final cleanup criteria. In the rare case where noncancer PRGs are more stringent
than cancer PRGs set at one-in-one-million risk, a similar approach has been applied (e.g. “nc**”).

In general, PRG concentrations in the printed table are risk-based but for soil there are two important
exceptions: (1) for several volatile chemicals, PRGs are based on the soil saturation equation ("sat")
and (2) for relatively less toxic inorganic and semivolatile contaminants, a non-risk based "ceiling

limit" concentration is given as TOmg/kg ("max"). At the Region 9 PRG website, the risk-based
calculations for these same chemicals are also available in the “InterCalc Tables” if the user wants to
view the risk-based concentrations prior to the application of “sat” or “max”. For more information

on why the “sat” value and not a risk-based value is presented for several volatile chemicals in the
PRGs table, please see the discussion in Section 4.5.

With respect to applying a “ceiling limit” for chemicals other than volatiles, it is recognized that this is
not a universally accepted approach. Some within the agency argue that all values should be risk-
based to allow for scaling (for example, if the risk-based PRG is set at a hazard quotient = 1.0, and
the user would like to set the hazard quotient to 0.1 to take into account multiple chemicals, then this
is as simple as multiplying the risk-based PRG by 1/10th). If scaling is necessary, PRG users can do
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this simply by referring to the “InterCalc Tables” at our website where risk-based soil concentrations
are presented for all chemicals (see soil calculations, “combined” pathways column).

In spite of the fact that applying a ceiling limit is not a universalyepted approach, we have opted

to continue applying a “max’soil concentration to the PRGs table for the following reasons:

o Risk-based PRGs for some chemicals in soil exceed unity (>1,000,000 mg/kg) which
is not possible.

o The ceiling limit of 10° mg/kg is equivalent to a chemical representing 10% by weight
of the soil sample. At this contaminant concentration (and higher), the assumptions
for soil contact may be violated (for example, soil adherence and windborne dispersion
assumptions) due to the presence of the foreign substance itself.

o PRGs currently do not address short-term exposures (e.g. pica children and
construction workers). Although extremely high soil PRGs are likely to represent
relatively non-toxic chemicals, such high values may not be justified if in fact more
toxicological data were available for evaluating short-term and/or acute exposures.

In addition to Region 9 PRG values, the PRGs table also includes California EPA PRGs ("CAL-
Modified PRGs") for specific chemicals where CAL-EPA screening values may be “significantly”
more restrictive than the federal values (see Section 2.4) and EPA OSWER solil screening levels
(SSLs) for protection of groundwater (see Section 2.5).

2.2 Toxicity Values

Hierarchy of Toxicity Values

EPA toxicity values, known as noncarcinogenic reference doses (RfD) and carcinogenic slope factors
(SF) were obtained from IRIS, NCEA through September 2002, and HEAST (1997). The priority
among sources of toxicological constants in order of preference is as follows: (1) IRIS (indicated by
"), (2) NCEA ("n"), (3) HEAST ("h"), (4) withdrawn from IRIS or HEAST and under review ("x"

or obtained from other EPA documents (“0”). This hierarchy is subject to change once the HEAST
tables are updated.

Inhalation Conversion Factors

As of January 1991, IRIS and NCEA databases no longer present RfDs or SFs for the inhalation
route. These criteria have been replaced with reference concentrations (RfC) for noncarcinogenic
effects and unit risk factors (URF) for carcinogenic effects. However, for purposes of estimating risk
and calculating risk-based concentrations, inhalation reference doses (RfDi) and inhalation slope
factors (SFi) are preferred. This is not a problem for most chemicals because the inhalation toxicity
criteria are easily converted. To calculate an RfDi from an RfC, the following equation and
assumptions may be used for most chemicals:

mg ;. 20m* 1
— <2 - Rf X X ———
(kg-day) ~ re (me /M )X ™ Tokg

RfDi

Likewise, to calculate an SFi from an inhalation URF, the following equation and assumptions may be
used:



. (kg-day)

13
SFi day x 70kg X 0" ug
(mg)

- 3
= URF(m /ug)><20m3 g

Substances with New or Withdrawn Toxicity Values

To help users rapidly identify substances with new or revised toxicity values, these chemicals are
listed in boldface type in the PRGs table. This issue of the table contains new or revised toxicity
values for acetonitrile, benzyl chloride, boron, bromate, 1,3-butadiene, 1-butanol,
butylbenzenes, cacodylic acid, cadmium (California State value), chloroform,
chloronitrobenzenes, chrysene (California State value), cobalt, 1,2-dibromo-3-chloropropane
(California State value), 1,1-dichloroethylene, diethylene glycol ethers, diethylformamide,
dinitrobenzenes, di-n-octyl phthalate, diphenyl sulfone, ethylbenzene, HCH,
hexachlorocyclopentadiene, kepone, lead (California State value), MTBE, 2-nitroaniline,
carcinogenic PAHSs, perchlorate, polychlorinated terphenyls, benzo(k)fluoranthene (California
State value), propylbenzene, propylene glycol, quinoline, tetrachloroethylene, tetrahydrofuran,
thiocyanate, 1,1,1-trichloroethane, trichloroethylene, 2,4,6-trichlorophenol, 1,2,3-
trichloropropane, triphenylphosphine oxide, tris(2-chloroethyl) phosphate, vinyl chloride, and
xylene.

Chemicals that have been delisted because they are outdated, undocumented, or derived from a data
base other than IRIS, HEAST or NCEA include: acifluorfen, 4-bromophenyl phenyl ether,
chloroacetaldehyde, 2-chloroethyl vinyl ether, hexachlorodibenzo-p-dioxin mixture (HxCDD), maneb,
methyl chlorocarbonate, nitrapyrin, nitric oxide, and 4-nitrophenol.

Route-to-Route Methods

Route-to-route extrapolations ("r") were frequently used when there were no toxicity values available
for a given route of exposure. Oral cancer slope factors ("SFo") and reference doses ("RfDo") were
used for both oral and inhaled exposures for organic compounds lacking inhalation values. Inhalation
slope factors ("SFi") and inhalation reference doses ("RfDi") were used for both inhaled and oral
exposures for organic compounds lacking oral values. Route extrapolations were not performed for
inorganics due to portal of entry effects and known differences in absorption efficiency for the two
routes of exposure.

An additional route extrapolation is the use of oral toxicity values for evaluating dermal exposures.
For many chemicals, a scientifically defensible data base does not exist for making an adjustment to
the oral slope factor/RfD to estimate a dermal toxicity value. Based on the current guidance (USEPA
2001Db), the only chemical for which an adjustment is recommended is cadmium. An oral absorption
efficiency of 5% is assumed for cadmium which leads to an estimated dermal reference dose (RfDd)
of 2.5E-05 that was used in the soil PRG calculations for cadmium.

Although route-to-route methods may be a useful screening procedure, the appropriateness of
these default assumptions for specific contaminants should be verified by a toxicologist or
regional risk assessor. Please note that whenever route-extrapolated values are used to
calculate risk-based PRGs, additional uncertainties are introduced in the calculation.



2.3  Region 9 PRGs Derived with Special Considerations

Most of the Region 9 PRGs are readily derived by referring to Equations 4-1 thru 4-8 contained in
this “User’s Guide/Technical Background Document” to the Region 9 PRGs. However, there are
some chemicals for which the standard equations do no apply and/or adjustments to the toxicity
values are recommended. These special case chemicals are discussed below.

Cadmium The PRGs for Cadmium are based on the oral RfD for water which is slightly more
conservative (by a factor of 2) than the RfD for food. Because the PRGs are considered screening
values, we elected to use the more conservative RfD for cadmium. However, reasonable arguments
could be made for applying an RfD for food (instead of the oral RfD for water) for some media such
as soils.

The water RfD for cadmium assumes a 5% oral absorption factor. The assumption of an oral
absorption efficiency of 5% for Cadmium leads to an estimated dermal RfD of 2.5E-05. The PRG
calculations incorporate these adjustments per recent guidance (USEPA 2001b).

Chromium 6 For Chromium 6 (Cr6), IRIS shows an air unit risk of 1.2E-2 per (ug/cu.m) or
expressed as an inhalation cancer slope factor (adjusting for inhalation/body weight) of 42 (mg/kg-
day)™. However, the supporting documentation in the IRIS file states that these toxicity values are
based on an assumed 1:6 ratio of Cr6:Cr3. Because of this assumption, we in Region 9 prefer to
present PRGs based on these cancer toxicity values as “total chromium” numbers.

In the PRG tables, we also include a Cr6 specific value (assuming 100% Cr6) that is derived by
multiplying the “total chromium” value by 7, yielding a cancer potency factor of 290 (mg/kg-day)
This is considered to be an overly conservative assumption by some within the Agency. However,
this calculation is also consistent with the State of California’s interpretation of the Mancuso study
that forms the basis of Cr6's toxicity values.

If you are working on a project outside of California (and outside of Region 9), you may want to
contact the appropriate regulatory officials to determine what their position is on this issue. As
mentioned, Region 9 also includes PRGs for “total chromium” which is based on the same ratio (1:6
ratio Cr6:Cr3) that forms the basis of the cancer slope factor of 42 (mg/kymatagented in IRIS.

Lead Residential PRGs for Lead (Region 9 EPA and California EPA) are derived based on
pharmacokinetic models. Both EPA'’s Integrated Exposure Uptake Biokinetic (IEUBK) Model and
California’s LeadSpread model are designed to predict the probable blood lead concentrations for
children between six months and seven years of age who have been exposed to lead through various
sources (air, water, soil, dust, diet anditerocontributions from the mother). Run in the reverse,

these models also allow the user to calculate lead PRGs that are considered “acceptable” by EPA or
the State of California.

The California LeadSpread model can also estimate PRGs for non-residential exposures (e.g.
worker) whereas EPA uses a second Adult Lead Model to estimate PRGs for an industrial setting.

For more information on EPA’ Lead models used to estimate residential and industrial PRGs, please
refer to the following website:

http://www.epa.gov/oerrpage/superfund/programs/lead/




For more information on California’s LeadSpread Model and Cal-Modified PRGs for lead, please go
to:
http://www.dtsc.ca.gov/ScienceTechnology/ledspred.html

ManganeseThe IRIS RfD (0.14 mg/kg-day) includes manganese from all sources, including diet.

The author of the IRIS assessment for manganese recommends that the dietary contribution from the
normal U.S. diet (an upper limit of 5 mg/day) be subtracted when evaluating non-food (e.g. drinking
water or soil) exposures to manganese, leading to a RfD of 0.071 mg/kg-day for non-food items.

The explanatory text in IRIS further recommends using a modifying factor of 3 when calculating

risks associated with non-food sources due to a number of uncertainties that are discussed in the
IRIS file for manganese, leading to a RfD of 0.024 mg/kg-day. This modified RfD is applied in the
derivation of the Region 9 PRGs for soil and water. For more information regarding the Manganese
RfD, you may want to contact Dr. Bob Benson at (303) 312-7070.

Nitrates/Nitrates Tap water PRGs for Nitrates/Nitrites are based on the MCL as there is no available
RfD for these compounds. For more information, please see IRIS at:
http://www.epa.gov/iriswebpl/iris/index.html

Thallium IRIS has many values for the different salts of thallium. However, our analytical data
packages typically report “thallium”. Therefore, as a practical matter it makes more sense to report a
PRG for plain thallium. We have done this by making the adjustment contained in the IRIS file for
thallium sulfate based on the molecular weight of the thallium in the thallium salt. The adjusted oral
RfD for plain thallium is 6.6 E-05 mg/kg-day which we use to calculate a thallium PRG.

Vinyl Chloride In EPA’s recent reassessment of vinyl chloride toxicity, IRIS presents two cancer
slope factors for vinyl chloride (VC): one that is intended to be applied towards evaluating adult risks
and a second more protective slope factor that takes into account the unique dingaeptib

developing infants and young children. For residential PRGs, the Region 9 PRGs table applies the
more conservative cancer potency factor that addresses exposures to both children and adults
whereas for the industrial soils PRG, the adult only cancer slope factor is applied.

Because of the age-dependent vulnénalssociated with vinyl chloride exposures, and due to the
method that is applied in deriving the cancer slope factor for VC, an assumption of a 70 year

exposure over the lifetime is assumed, consistent with the way that the toxicity value for VC was
derived. Therefore, instead of the usual exposure assumption of 6 years as a child and 24 years as an
adult that is assumed for carcinogenic substances, we have revised the exposure assumption for VC
to 6 years as a child and 64 years as adult. Since most of the cancer risk is associated with the first 3C
years of exposure to VC, there is actually little difference between a 30 year exposure assumption
(typically assumed for Superfund risk assessments) and the 70 year exposure assumption that is
assumed in calculating the PRG for VC.

2.4  “Cal-Modified PRGS”

When EPA Region 9 first came out with a Draft of the PRGs table in 1992, there was concern
expressed by California EPA's Department of Toxic Substances and Control (DTSC) that for some
chemicals the risk-based concentrations calculated using Cal-EPA toxicity values were "significantly”
more protective than the risk-based PRGs calculated by Region 9. At an interagency meeting
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comprised of mostly toxicologists, it was agreed that PRG values are at best order-of-magnitude
estimates, so that if we assume a logarithmic scale, then a difference greater than 3.3 (¥z log above or
below) would be considered a significant difference. Therefore, for individual chemicals where
California PRG values are significantly more protective than Region 9 EPA PRGs, Cal-Modified

PRGs are included in the Region 9 PRGs table. For more information on Cal-Modified PRGs, the
reader may want to contact Dr. Michael Wade in Cal-EPA’s Department of Toxic Substances

(DTSC) at (916) 255-6653.

Please note that in the State of California, Cal-Modified PRGs should be used as screening
levels for contaminated sites because they are more stringent than the Federal numbers.

2.5  Soil Screening Levels

Generic, soll screening levels (SSLs) for the protection of groundwater have been included in the
PRG table for 100 of the most common contaminants at Superfund sites. Generic SSLs are derived
using default values in standardized equations presented in EPA OSW&R3reening Guidance
series, available on the webhdtp://www.epa.gov/superfund/resources/soil/index.htm

The SSLs were developed using a default dilution-attenuation factor (DAF) of 20 to account for

natural processes that reduce contaminant concentrations in the subsurface. Also included are generic
SSLs that assume no dilution or attenuation between the source and the receptor well (i.e., a DAF of
1). These values can be used at sites where little or no dilution or attenuation of soil leachate
concentrations is expected at a site (e.g., sites with shallow water tables, fractured media, karst
topography, or source size greater than 30 acres).

In general, if an SSL is not exceeded for the migration to groundwater pathway, the user may
eliminate this pathway from further investigation.

It should be noted that in the State of California, the California Regional Water Quality Control
Board has derived “California SSLs” for a number of pathways including migration to groundwater.
These are not included in the Region 9 PRGs table, but may be accessed at the following website:

http://www.swrcbh.ca.gov/rwgch2/rbsl.htm

Or, for more information on the “California SSLs”, please contact Dr Roger Brew@ia): 622-2374.
2.6  Miscellaneous

Volatile organic compounds (VOCSs) are indicated by "1" in the VOC column of the table and in
general, are defined as those chemicals having a Henry's Law constant greate? (hem-bfmol)

and a molecular weight less than 200 g/mole). Three borderline chemicals (dibromochloromethane,
1,2-dibromochloropropane, and pyrene) which do not strictly meet these criteria of volatility have
also been included based upon discussions with other state and federal agencies and after a
consideration of vapor pressure characteristics etc. Volatile organic chemicals are evaluated for
potential volatilization from soil/water to air using volatilization factors (see Section 4.1).
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Chemical-specific dermal absorption values for contaminants in soil and dust are presented for
arsenic, cadmium, chlordane, 2,4-D, DDT, lindane, TCDD, PAHs, PCBs, and pentachlorophenols as
recommended in the “Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim Guidance” (USEPA
2001b). Otherwise, default skin absorption fractions are assumed to be 0.10 for nonvolatile organics.
Please note that previous defaults of 0.01 and 0.10 for inorganics and VOCs respectively, have been
withdrawn per new guidance.

3.0 USING THE PRG TABLE

The decision to use PRGs at a site will be driven by the potential benefits of having generic risk-based
concentrations in the absence of site-specific risk assessments. The original intended use of PRGs
was to provide initial cleanup goals for individual chemicals given specific medium and land-use
combinations (see RAGS Part B, 1991), however risk-based concentrations have several applications.
They can also be used for:

o Setting health-based detection limits for chemicals of potential concern
o Screening sites to determine whether further evaluation is appropriate
o Calculating cumulative risks associated with multiple contaminants

A few basic procedures are recommended for using PRGs properly. These are briefly described
below. Potential problems with the use of PRGs are also identified.

3.1 Developing a Conceptual Site Model

The primary condition for use of PRGs is that exposure pathways of concern and conditions at the
site match those taken into account by the PRG framework. Thus, it is always necessary to develop a
conceptual site model (CSM) to identify likely contaminant source areas, exposure pathways, and
potential receptors. This information can be used to determine the aififylioAPRGs at the site

and the need for additional information. For those pathways not covered by PRGs, a risk assessment
specific to these additional pathways may be necessary. Nonetheless, the PRG lookuplhstilies w

be useful in such situations for focusing further investigative efforts on the exposure pathways not
addressed.

To develop a site-specific CSM, perform an extensive records search and compile existing data (e.g.
available site sampling data, historical records, aerial photographs, and hydrogeologic information).
Once this information is obtained, CSM worksheets such as those provided in AS&ailard

Guide for Risk-Based Corrective Action Applied at Petroleum Releasd 1285 can be used to

tailor the generic worksheet model to a site-specific CSM. The final CSM diagram represents
linkages among contaminant sources, release mechanisms, exposure pathways and routes and
receptors. It summarizes our understanding of the contamination problem.

As a final check, the CSM should answer the following questions:

o Are there potential ecological concerns?
o Is there potential for land use other than those covered by the PRGs (that is, residential and
industrial)?
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o Are there other likely human exposure pathways that were not considered in development of
the PRGs (e.g. impact to groundwater, local fish consumption, raising beef, dairy, or other
livestock)?

o Are there unusual site conditions (e.g. large areas of contamination, high fugitive dust levels,
potential for indoor air contamination)?

If any of these four conditions exist, the PRG may need to be adjusted to reflect this new information.
Suggested websites for the evaluation of pathways not currently addressed by Region 9 PRG's are
presented in Exhibit 3-1.

EXHIBIT 3-1
SUGGESTED WEBSITES FOR EVALUATING EXPOSURE
PATHWAYS NOT CURRENTLY ADDRESSED BY REGION 9 PRGs

EXPOSURE PATHWAY WEBSITE ||

Migration of contaminants to an underlying| EPA Soil Screening Guidance: J
potable aquifer http://www.epa.gov/superfund/resources/s
ndex.htm

California Water Board Guidance:
http://www.swrcb.ca.gov/rwgcb2/rbsl.htm

I/i

Ingestion via plant uptake EPA Solil Screening Guidance:
http://www.epa.gov/superfund/resources/sdjl/i
ndex.htm

EPA Fertilizer Risk Assessment:
http://www.epa.gov/epaoswer/hazwaste/reqyc
le/tertiliz/risk/

Ingestion via meat, dairy products, human | EPA Protocol for Combustion Facilities:
milk http://www.epa.gov/epaoswer/hazwaste/cofnb
ust/riskvol.htm#volumel

California “Hot Spots” Risk Guidelines:
http://www.oehha.ca.gov/air/hot_spots/HRYg
uide.html

Inhalation of volatiles that have migrated infoEPA’s Version of Johnson & Ettinger ModeJ
basements or other enclosed spaces. http://www.epa.gov/oerrpage/superfund/prdgr
ams/risk/airmodel/johnson_ettinger.htm

Ecological pathways EPA Ecological Soil Screening Guidance:
http://www.epa.gov/superfund/programs/risi/
ecorisk/ecossl.htm

NOAA Sediment Screening Table:
http://response.restoration.noaa.gov/cpr/se
ent/squirt/squirt.html

j =

im
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3.2  Background Levels Evaluation

A necessary step in determining the applicability of Region 9 risk-based PRGs is the consideration of
background contaminant concentrations. There is new EPA guidance on determining background at
sites. Guidance for Characterizing Background Chemicals in Soil at Superfund S8&$PA

2001c) is available on the web dittp://www.epa.gov/superfund/programs/risk/background. pdf

EPA may be concerned with two types of background at sites: naturally occurring and
anthropogenic. Natural background is usually limited to metals whereas anthropogenic (i.e. human-
made) “background” includes both organic and inorganic contaminants. Before embarking on an
extensive sampling and analysis program to determine local background concentrations in the area,
one should first compile existing data on the subject. Far too often there is pertinent information in
the literature that gets ignored, resulting in needless expenditures of time and money.

Generally EPA does not clean up below natural background. In some cases, the predictive risk-based
models generate PRG levels that lie within or even below typical background. If natural background
concentrations are higher than the risk-based PRGs, an adjustment of the PRG is probably needed.
Exhibit 3-2 presents summary statistics for selected elements in soils that have background levels that
may exceed risk-based PRGs. ilustrative example of this is naturally occurring arsenic in soils

which frequently is higher than the risk-based concentration set at a one-in-one-million cancer risk
(the PRG for residential soils is 0.39 mg/kg). After considering background concentrations in a local
area, EPA Region 9 has at times used the non-cancer PRG (22 mg/kg) to evaluate sites recognizing
that this value tends to be above background levels yet still falls within the range of soil
concentrations (0.39-39 mg/kg) that equates to EPA’s “acceptable” cancer risk range of 10E-6 to
10E-4.

Where anthropogenic “background” levels exceed PRGs and EPA has determined that a response
action is necessary and feasible, EPA's goal will be to develop a comprehensive response to the
widespread contamination. This will often require coordination with different authorities that have
jurisdiction over the sources of contamination in the area.

EXHIBIT 3-2
BACKGROUND CONCENTRATIONS OF SELECTED ELEMENTS IN SOILS

TRACE U.S. STUDY DATA CALIFORNIA DATA

ELEMENT | Range GeoMean| ArMean Range GeoMea ArMean
Arsenic <.1-97 5.2mg/kg 7.2mg/kg 0.59-11 2.75mg/kg  3.54 mg/kg
Beryllium <1-15 0.63 “ 0.92 “ 0.10-2.7 1.14 “ 1.28 “
Cadmium | <1-10 -- <1 0.05-1.7( 0.26 0.36
Chromium | 1-2000 37 54 23-1579 76.25 122.08
Nickel <5-700 13 19 9.0-509 35.75 56.60

IShacklette and Hansford, “Element Concentrations in Soils and Other Surficial Materials of the Conterminous United
States”,lBGS Professional Paper 1270, 1984.

2Bradford et. al, “Background Concentrations of Trace and Major Elements in California Soils”, Kearney Foundation
Special Report, UC-Riverside and CAL-EPA DTSC, March 1996.
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3.3  Screening Sites with Multiple Pollutants

A suggested stepwise approach for PRG-screening of sites with multiple pollutants is as follows:

Perform an extensive records search and compile existing data.

Identify site contaminants in the PRG table. Record the PRG concentrations for
various media and note whether PRG is based on cancer risk (indicated by "ca") or
noncancer hazard (indicated by "nc"). Segregate cancer PRGs from non-cancer PRGs
and exclude (but don't eliminate) non-risk based PRGs ("sat" or "max").

For cancer risk estimates, take the site-specific concentration (maximum or 95 UCL)
and divide by the PRG concentrations that are designated for cancer evaluation ("ca").
Multiply this ratio by 1& to estimate chemical-specific risk for a reasonable maximum
exposure (RME). For multiple pollutants, simply add the risk for each chemical:

conc , conc y conc

sk = + + z -6
Ris [( )+ ( ) (PR ) x 10

PRG PRG

For non-cancer hazard estimates. Divide the concentration term by its respective non-
cancer PRG designated as "nc" and sum the ratios for multiple contaminants. The
cumulative ratio represents a non-carcinogenic hazard index (HI). A hazard index of 1
or less is generally considered “safe”. A ratio greater than 1 suggests further
evaluation. [Note that carcinogens may also have an associated non-cancer PRG

that is not listed in the printed copy of the table sent to folks on the mailing list.

To obtain these values, the user should view or download the PRG table at our
website and display the appropriate sections.]

conc conc conc
)+ ( 5) o+ ( .

Hazard Index = [(
PRG PRG PRG

)]

For more information on screening site risks, the reader should contact EPA Region 9's Technical
Support Team.

3.4 Potential Problems

As with any risk-based tool, the potential exists for misapplication. In most cases the root cause will
be a lack of understanding of the intended use of Region 9 PRGs. In order to prevent misuse of
PRGs, the following should be avoided:

Applying PRGs to a site without adequately developing a conceptual site model that
identifies relevant exposure pathways and exposure scenarios,

Not considering background concentrations when choosing PRGs as cleanup goals,

Use of PRGs as cleanup levels without the nine-criteria analysis specified in the
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National Contingency Plan (or, comparable analysis for programs outside of
Superfund),

o Use of PRGs as cleanup levels without verifying numbers with a toxicologist or
regional risk assessor,

Use of antiquated PRG tables that have been superseded by more recent publications,
o Not considering the effects of additivity when screening multiple chemicals, and

o Adjusting PRGs upward by factors of 10 or 100 without consulting a toxicologist or
regional risk assessor.

4.0 TECHNICAL SUPPORT DOCUMENTATION

Region 9 PRGs consider human exposure hazards to chemicals from contact with contaminated soils,
air, and water. The emphasis of the PRG equations and technical discussion are aimed at developing
screening criteria for solils, since this is an area where few standards exist. For air and water,
additional reference concentrations or standards are available for many chemicals (e.g. MCLs, non-
zero MCLGs, AWQC, and NAAQS) and consequently the discussion of these media are brief.

4.1  Soils - Direct Ingestion

Calculation of risk-based PRGs for direct ingestion of soil is based on methods presented in RAGS
HHEM, Part B (USEPA 1991a) ar®bil Screening Guidanc€USEPA 1996a,b, USEPA 2001a).

Briefly, these methods backcalculate a soil concentration level from a target risk (for carcinogens) or
hazard quotient (for noncarcinogens).

Residential Soil PRGs

A number of studies have shown that inadvertent ingestion of soil is common among children 6 years
old and younger (Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990). To take into
account the higher soil intake rate for children, two different approaches are used to estimate PRGs,
depending on whether the adverse health effect is cancer or some effect other than cancer.

For carcinogens, the method for calculating PRGs uses an age-adjusted soil ingestion factor that takes
into account the difference in daily soil ingestion rates, body weights, and exposure duration for
children from 1 to 6 years old and others from 7 to 31 years old. This health-protective approach is
chosen to take into account the higher daily rates of soil ingestion in children as well as the longer
duration of exposure that is anticipated for a long-term resident. For more on this method, see
USEPA RAGs Part B (1991a).

For noncarcinogenic concerns, the more protective method of calculating a soil PRG is to evaluate
childhood exposures separately from adult exposures. In other words, an age-adjustment factor is not
applied as was done for carcinogens. This approach is considered conservative because it combines
the higher 6-year exposure for children with chronic toxicity criteria. In their analysis of the method,
the Science Advisory Board (SAB) indicated that, for most chemicals, the approach may be overly

15



protective. However, they noted that there are specific instances when the chronic RfD may be based
on endpoints of toxicity that are specific to children (e.g. fluoride and nitrates) or when the dose-
response is steep (i.e., the dosage difference between the no-observed-adverse-effects level [NOAEL]
and an adverse effects level is small). Thus, for the purposes of screening, EPA Region 9 has adoptec
this approach for calculating soil PRGs for noncarcinogenic health concerns.

Industrial Soil PRGs

In the newSupplemental Guidance for Developing Soil Screening Levels for Superfund Sites
(Supplemental SSL Guidance, EPA 2001a), two different soil ingestion rates are assumed for non-
construction workers: 100 mg/day is assumed for outdoor workers whereas 50 mg/day is assumed
for indoor workers. The default value of 100 mg/day for outdoor workers is also recommended by
EPA'’s Technical Review Workgroup for Lead (TRW), and it reflects increased exposures to soils for
outdoor workers relative to their indoor counterparts. For more on this, please see the Supplemental
SSL Guidance available at the following website:

http://www.epa.gov/superfund/resources/soil/index.htm

Because the Region 9 PRGs are generic and intended for screening sites early in the investigation
process (often before site-specific information is available), we have chosen to use the 100 mg/day
soil ingestion (i.e. outdoor worker) assumption to calculate industrial soil PRGs. Please note that
previous issues of the Region 9 PRGs table assumed 50 mg/day soil ingestion rate for workers. This
change in soil ingestion rates is reflected in a somewhat lower (more stringent) industrial soils PRG
for many contaminants. The appropriateness of this assumption for a particular site may be evaluated
when additional information becomes available regarding site conditions or site development.

4.2  Soils - Vapor and Particulate Inhalation

Agency toxicity criteria indicate that risks from exposure to some chemicals via inhalation far
outweigh the risk via ingestion; therefore soil PRGs have been designed to address this pathway as
well. The models used to calculate PRGs for inhalation of volatiles/particulates are updates of risk
assessment methods presented in RAGS Part B (USEPA 1991a) and are identic&dito the
Screening Guidance: User's Guide and Technical Background DocofeBPA 1996a,b).

It should be noted that the soil-to-air pathway that is evaluated in the PRGs calculations is based on
direct inhalation exposures that result from the volatilization or particulate emissions of chemicals
from soil to outdoor air. The soil PRG calculations currently do not evaluate potential for volatile
contaminants in soil to migrate indoors. For this evaluation, a site-specific assessment is required
because the applicable model, the Johnson and Ettinger model, is extremely sensitive to a number of
model parameters that do not lend themselves to standardization on a national basis. For more
information on the indoor air model and/or to download a copy, please go to:

http://www.epa.gov/oerrpage/superfund/programs/risk/airmodel/johnson ettinger.htm
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To address the soil-to-outdoor air pathways, the PRG calculations incorporate volatilization factors
(VFJ) for volatile contaminants and particulate emission factors (PEF) for nonvolatile contaminants.
These factors relate soil contaminant concentrations to air contaminant concentrations that may be
inhaled on-site. The \(fand PEF equations can be broken into two separate models: an emission
model to estimate emissions of the contaminant from the soil and a dispersion model to simulate the
dispersion of the contaminant in the atmosphere.

The box model in RAGS Part B has been replaced with a dispersion term (Q/C) derived from a
modeling exercise using meteorological data from 29 locations across the United States because the
box model may not be applicable to a broad range of site types and meteorology and does not utilize
state-of-the-art techniques developed for regulatory dispersion modeling. The dispersion model for
both volatiles and particulates is the AREA-ST, an updated version of the Office of Air Quality
Planning and Standards, Industrial Source Complex Model, ISC2. However, different Q/C terms are
used in the VF and PEF equations. Los Angeles was selected as the 90th percentile data set for
volatiles and Minneapolis was selected as the 90th percentile data set for fugitive dusts (USEPA1996
a,b). A default source size of 0.5 acres was chosen for the PRG calculations. This is consistent with
the default exposure area over which Region 9 typically averages contaminant concentrations in soils.
If unusual site conditions exist such that the area source is substantially larger than the default source
size assumed here, an alternative Q/C could be applied (see USEPA 1996a,b).

Volatilization Factor for Soils

Volatile chemicals, defined as those chemicals having a Henry's Law constant greater than
10° (atm-ni/mol) and a molecular weight less than 200 g/mole, were screened for inhalation
exposures using a volatilization factor for soils {VAPlease note that V& are available at our
website.

The emission terms used in the V&re chemical-specific and were calculated from physical-chemical
information obtained from several sources. The priority of these sources were as fSkolvs:

Screening Guidanc@JSEPA 1996a,b) Superfund Chemical Data Matr(SEPA 1996¢)Fate

and Exposure DatéHoward 1991)Subsurface Contamination Reference GERA 1990a), and
Superfund Exposure Assessment Ma(8BIAM, EPA 1988). When there was a choice between a
measured or a modeled value (e.g. Koc), we went with modeled values. In those cases where
Diffusivity Coefficients (Di) were not provided in existing literature, Di's were calculated using

Fuller's Method described in SEAM. A surrogate term was required for some chemicals that lacked
physico-chemical information. In these cases, a proxy chemical of similar structure was used that may
over- or under-estimate the PRG for soils.

Equation 4-9 forms the basis for deriving generic soil PRGs for the inhalation pathway. The
following parameters in the standardized equation can be replaced with specific site data to develop a
simple site-specific PRG

Source area

Average soil moisture content

Average fraction organic carbon content
Dry soil bulk density
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The basic principle of the \{fnodel (Henry’s law) is applicable only if the soil contaminant

concentration is at or below solil saturation “sat”. Above the soil saturation limit, the model cannot
predict an accurate VF-based PRG. How these particular cases are handled, depends on whether the
contaminant is liquid or solid at ambient soil temperatures (see Section 4.5).

Particulate Emission Factor for Soils

Inhalation of chemicals adsorbed to respirable particles JRire assessed using a default PEF

equal to 1. 316 x Pan¥/kg that relates the contaminant concentration in soil with the concentration

of respirable particles in the air due to fugitive dust emissions from contaminated soils. The generic
PEF was derived using default values in Equation 4-11, which corresponds to a receptor point
concentration of approximately 0.76 ud/nThe relationship is derived by Cowherd (1985) for a

rapid assessment procedure applicable to a typical hazardous waste site where the surface
contamination provides a relatively continuous and constant potential for emission over an extended
period of time (e.g. years). This represents an annual average emission rate based on wind erosion
that should be compared with chronic health criteria; it is not appropriate for evaluating the potential
for more acute exposures.

The impact of the PEF on the resultant PRG concentration (that combines soil exposure pathways for
ingestion, skin contact, and inhalation) can be assessed by accessing the Region 9 PRG website and
viewing the pathway-specific soil concentrations. Equation 4-11 forms the basis for deriving a

generic PEF for the inhalation pathway. For more details regarding specific parameters used in the
PEF model, the reader is referredmil Screening Guidance: Technical Background Document
(USEPA 1996a).

Note: the generic PEF evaluates windborne emissions and does not consider dust emissions
from traffic or other forms of mechanical disturbance that could lead to greater emissions than
assumed here.

4.3  Soils - Dermal Exposure

Dermal Contact Assumptions

Exposure factors for dermal contact with soil are based on recommendations in “Risk Assessment
Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental
Guidance for Dermal Risk Assessment) Interim Guidance” (USEPA 2001b). Recommended RME
(reasonable maximum exposure) defaults for adult workers’ skin surface areas (38a§)cand

soil adherence factors (0.2 mgRmow differ from the defaults recommended for adult residents
(5700 cn¥day, 0.07 mg/cA) as noted in Exhibit 4-1. This is due to differences in the range of
activities experienced by workers versus residents.

Dermal Absorption

Chemical-specific skin absorption values recommended by the Superfund Dermal Workgroup were
applied when available. Chemical-specific values are included for the following chemicals: arsenic,
cadmium, chlordane, 2,4-D, DDT, lindane, TCDD, PAHs, PCBs, and pentachlorophenols.
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The “Supplemental Guidance for Dermal Risk Assessment” (USEPA 2001b) recommends a default
dermal absorption factor for semivolatile organic compounds of 10% as a screening method for the
majority of SVOCs without dermal absorption factors. Default dermal absorption values for other
chemicals (VOCs and inorganics) are not recommended in this new guidance. Therefore, the
assumption of 1% for inorganics and 10% for volatiles is no longer included in the Region 9 PRG

table. This change has minimal impact on the final risk-based calculations because human exposure to
VOCs and inorganics in soils is generally driven by other pathways of exposure.

4.4  Soils - Migration to Groundwater

The methodology for calculating SSLs for the migration to groundwater was developed to identify
chemical concentrations in soil that have the potential to contaminate groundwater. Migration of
contaminants from soil to groundwater can be envisioned as a two-stage process: (1) release of
contaminant in soil leachate and (2) transport of the contaminant through the underlying soil and
aquifer to a receptor well. The SSL methodology considers both of these fate and transport
mechanisms.

SSLs are backcalculated from acceptable ground water concentrations (i.e. nonzero MCLGs, MCLSs,
or risk-based PRGs). First, the acceptable groundwater concentration is multiplied by a dilution
factor to obtain a target leachate concentration. For example, if the dilution factor is 10 and the
acceptable ground water concentration is 0.05 mg/L, the target soil leachate concentration would be
0.5 mg/L. The partition equation (presented in$lod Screening Guidanacument) is then used

to calculate the total soil concentration (i.e. SSL) corresponding to this soil leachate concentration.

The SSL methodology was designed for use during the early stages of a site evaluation when
information about subsurface conditions mayirnged. Because of this constraint, the methodology

is based on conservative, simplifying assumptions about the release and transport of contaminants in
the subsurface. For more on SSLs, and how to calculate site-specific SSLs versus generic SSLs
presented in the PRG table, the reader is referred t®aih&creening Guidanaocument (USEPA
1996a,b).

45 Soil Saturation Limit

The soil saturation concentration “sat” corresponds to the contaminant concentration in soil at which
the absorptive limits of the soil particles, the solubility limits of the soil pore water, and saturation of

soil pore air have been reached. Above this concentration, the soil contaminant may be present in free
phase, i.e., nonagueous phase liquids (NAPLS) for contaminants that are liquid at ambient soil
temperatures and pure solid phases for compounds that are solid at ambient soil temperatures.

Equation 4-10 is used to calculate “sat” for each volatile contaminant. As an update to RAGS
HHEM, Part B (USEPA 1991a), this equation takes into account the amount of contaminant that is in
the vapor phase in soil in addition to the amount dissolved in the soil's pore water and sorbed to soil
particles.

Chemical-specific “sat” concentrations must be compared with each VF-based PRG because a basic

principle of the PRG volatilization model is not applicable when free-phase contaminants are present.
How these cases are handled depends on whether the contaminant is liquid or solid at ambient
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temperatures. Liquid contaminant that have a VF-based PRG that exceeds the “sat” concentration
are set equal to “sat” whereas for solids (e.g., PAHS), soil screening decisions are based on the
appropriate PRGs for other pathways of concern at the site (e.g., ingestion).

4.6  Tap Water - Ingestion and Inhalation

Calculation of PRGs for ingestion and inhalation of contaminants in domestic water is based on the
methodology presented in RAGS HHEM, Part B (USEPA 1991a). Ingestion of drinking water is an
appropriate pathway for all chemicals. For the purposes of this guidance, however, inhalation of
volatile chemicals from water is considered routinely only for chemicals with a Henry's Law constant
of 1 x 10° atm-ni/mole or greater anaith a molecular weight of less than 200 g/mole.

For volatile chemicals, an upperbound viiiition constant (VE) is used that is based on all uses of
household water (e.g showering, laundering, and dish washing). Certain assumptions were made.
For example, it is assumed that the volume of water used in a residence for a family of four is 720
L/day, the volume of the dwelling 50,000 L and the air exchange rate is 0.25 air changes/hour
(Andelman in RAGS Part B). Furthermore, it is assumed that the average transfer efficiency
weighted by water use is 50 percent (i.e. half of the concentration of each chemical inilvager w
transferred into air by all water uses). Note: the range of transfer efficiencies extends from 30% for
toilets to 90% for dishwashers.

4.7 Default Exposure Factors

Default exposure factors were obtained primarily from RAGS Supplemental Guidance Standard
Default Exposure Factor§OSWER Directive, 9285.6-03) dated March 25, 1991 and more recent
information from U.S. EPA's Office of Solid Waste and Emergency Response, U.S. EPA's Office of
Research and Development, and California EPA's Department of Toxic Substances Control (see
Exhibit 4-1).

Because contact rates may be different for children and adults, carcinogenic risks during the first 30
years of life were calculated using age-adjusted factors ("adj"). Use of age-adjusted factors are
especially important for soil ingestion exposures, which are higher during childhood and decrease
with age. However, for purposes of combining exposures across pathways, additional age-adjusted
factors are used for inhalation and dermal exposures. These factors approximate the integrated
exposure from birth until age 30 combining contact rates, body weights, and exposure durations for
two age groups - small children and adults. Age-adjusted factors were obtained from RAGS PART B
or developed by analogy (see derivations next page).
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For soils only, noncarcinogenic contaminants are evaluated in children separately from adults. No
age-adjustment factor is used in this case. The focus on children is considered protective of the
higher dally intake rates of soil by children and their lower body weight. For maintaining consistency
when evaluating soils, dermal and inhalation exposures are also based on childhood contact rates.

(2) ingestion([mg-yr]/[kg-d]:
ED. x IRS., (ED - ED) x IRS,
BW BW

IFS .4 -

(2) skin contact([mg-yr]/[kg-d]:

ED, x AF x SA, (ED - ED) x AF x SA
+
BW BW

a

SFS, -

3) inhalation ([m-yr]/[kg-d]):

C C r C a
+

InhF . =
ad) BW BW
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EXHIBIT 4-1

STANDARD DEFAULT FACTORS

Symbol Definition (units) Default Reference
CSFo Cancer slope factor oral (mg/kg-d)-1 - IRIS, HEAST, or NCEA
CSFi Cancer slope factor inhaled (mg/kg-d)-1 - IRIS, HEAST, or NCEA
RfDo Reference dose oral (mg/kg-d) - IRIS, HEAST, or NCEA
RfDi Reference dose inhaled (mg/kg-d) -- IRIS, HEAST, or NCEA
TR Target cancer risk 10°® -
THQ Target hazard quotient 1 --
BWa Body weight, adult (kg) 70 RAGS (Part A), EPA 1989 (EPA/540/1-89/002)
BWc Body weight, child (kg) 15 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
ATc Averaging time - carcinogens (days) 25550 RAGS(Part A), EPA 1989 (EPA/540/1-89/002)
ATn Averaging time - noncarcinogens (days) ED*365
SAa Exposed surface area for soil/dust (cm?day) Dermal Assessment, EPA 2000 (EPA/540/R-99/005)
— adult resident 5700
— adult worker 3300
SAc Exposed surface area, child in soil (cm?/day) 2800 Dermal Assessment, EPA 2000 (EPA/540/R-99/005)
AFa Adherence factor, soils (mg/cm?) Dermal Assessment, EPA 2000 (EPA/540/R-99/005)
— adult resident 0.07
— adult worker 0.2
AFc Adherence factor, child (mg/cm?) 0.2 Dermal Assessment, EPA 2000 (EPA/540/R-99/005)
ABS Skin absorption defaults (unitless):
— semi-volatile organics 0.1 Dermal Assessment, EPA 2000 (EPA/540/R-99/005)
— volatile organics - Dermal Assessment, EPA 2000 (EPA/540/R-99/005)
— inorganics - Dermal Assessment, EPA 2000 (EPA/540/R-99/005)
IRAa Inhalation rate - adult (m*/day) 20 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
IRAC Inhalation rate - child (m%day) 10 Exposure Factors, EPA 1997 (EPA/600/P-95/002Fa)
IRWa Drinking water ingestion - adult (L/day 2 RAGS(Part A), EPA 1989 (EPA/540/1-89/002)
IRWc Drinking water ingestion - child (L/day) 1 PEA, Cal-EPA (DTSC, 1994)
IRSa Soil ingestion - adult (mg/day) 100 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
IRSc Soil ingestion - child (mg/day), 200 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
IRSo Soil ingestion - occupational (mg/day) 100 Soil Screening Guidance (EPA 2001a)
EFr Exposure frequency - residential (d/y) 350 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
EFo Exposure frequency - occupational (d/y) 250 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
EDr Exposure duration - residential (years) 30° Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
EDc Exposure duration - child (years) 6 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
EDo Exposure duration - occupational (years) 25 Exposure Factors, EPA 1991 (OSWER No. 9285.6-03)
Age-adjusted factors for carcinogens:
IFSadj Ingestion factor, soils ([mg-yr]/[kg-d]) 114 RAGS(Part B), EPA 1991 (OSWER No. 9285.7-01B)
SFSadj Dermal factor, soils ([mg-yr]/[kg-d]) 361 By analogy to RAGS (Part B)
InhFadj Inhalation factor, air ([m*-yr]/[kg-d]) 11 By analogy to RAGS (Part B)
IFWadj Ingestion factor, water ([L-yr]/[kg-d]) 11 By analogy to RAGS (Part B)
VFw Volatilization factor for water (L/m°) 0.5 RAGS(Part B), EPA 1991 (OSWER No. 9285.7-01B)
PEF Particulate emission factor (m*/kg) See below Soil Screening Guidance (EPA 1996a,b)
VFs Volatilization factor for soil (m*/kg) See below Soil Screening Guidance (EPA 1996a,b)
sat Soil saturation concentration (mg/kg) See below Soil Screening Guidance (EPA 1996a,b)
Footnote:

*Exposure duration for lifetime residents is assumed to be 30 years total. For carcinogens, exposures are combined for children (6 years) and
adults (24 years) .
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4.8  Standardized Equations

The equations used to calculate the PRGs for carcinogenic and noncarcinogenic contaminants are
presented in Equations 4-1 through 4-8. The PRG equations update RAGS Part B equations. The
methodology backcalculates a soil, air, or water concentration level from a target risk (for carcinogens)
or hazard quotient (for noncarcinogens). For completeness, the soil equations combine risks from
ingestion, skin contact, and inhalation simultaneoulligte: the electronic version of the table also
includes pathway-specific PRGs, should the user decide against combining specific exposure
pathways; or, the user wants to identify the relative contribution of each pathway to exposure.

To calculate PRGs for volatile chemicals in soil, a chemical-specific volatilization factor is calculated per
Equation 4-9. Because of its reliance on Henry's law, thendBel is applicable only when the
contaminant concentration in soil is at or below saturation (i.e. there is no free-phase contaminant
present). Soil saturation ("sat") corresponds to the contaminant concentration in soil at which the
adsorptive limits of the soil particles and the solubility limits of the available soil moisture have been
reached. Above this point, pure liquid-phase contaminant is expected in the soil. If the PRG calculatec
using VF, was greater than the calculated sat, the PRG was set equal to sat, in accord@weé with
Screening Guidanc@JSEPA 1996 a,b). The equation for deriving sat is presented in Equation 4-10.

PRG EQUATIONS

Soil Equations For soils, equations were based on three exposure routes (ingestion, skin contact, and
inhalation).

Equation 4-1: Combined Exposures to Carcinogenic Contaminants in Residential Soll

TR x AT,
A md kg) -
er ( [FSa X CSF,  SFSy X ABSx SR InhF b x CSF,
' 10°md kg 10°md kg VE2

Equation 4-2: Combined Exposures to Noncarcinogenic Contaminants in Residential Soil

THQ x BWx AT,

IRS SA x AF x ABS IRA
EF. x ED, [( —— x ) (L x A ) o+ (— x e
RfD,  10°md kg RD, 10°mg kg RMD;  vF?

aQmd kg) =
)]

Equation 4-3: Combined Exposures to Carcinogenic Contaminants in Industrial Soll

TR x BW x AT,

IRS , x CSF, ( SA, x AF x ABS x CSFO) ( IRA, x CSF, 1
+ +
10°md kg 10°md kg VE?

s

aQmd kg) =

EF, x ED, [(

Footnote:
aQUse VF, for volatile chemicals (defined as having a Henry's Law Constant [&imefhgreater than 1®and a molecular weight less
than 200 grams/mol) or PEF for non-wd chemicals.
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Equation 4-4. Combined Exposures to Noncarcinogenic Contaminants in Industrial Soil

THO x BW x AT,
IRS SA x AF x ABS IRA

EF, x EDJ( —— x 0oy (L x A ) o (— x sy,
RfD,  10°md kg RD, 10°mg kg RMD;  vF?

aQmd kg) =

Tap Water Equations:

Equation 4-5: Ingestion and Inhalation Exposures to Carcinogenic Contaminants in Water

TR x AT, x 1000 ug/ mg
EF. [( IFW,; x CSF) + (VF, x InhF .5 x CSF)]

Qugll) =

Equation 4-6: Ingestion and Inhalation Exposures to Noncarcinogenic Contaminants in Water

THQ x BW x AT, x 1000 ug/ mg

IRW, VF, X IRA ,
EF, x ED, [( )+ ( )]
RfD RID,

o I

Qugll) =

Air Equations

Equation 4-7: Inhalation Exposures to Carcinogenic Contaminants in Air

TR x AT, x 1000 ug/ mg

EF, x InhF ., x CSF,

Q ugl n?) =

Equation 4-8: Inhalation Exposures to Noncarcinogenic Contaminants in Air

THQ x RfD. x BW, x AT, x 1000 ug/ mg
EF, x ED, x IRA,

qQ ugl m?) =

Footnote:
4Jse VF, for volatile chemicals (defined as having a Henry's Law Constant [dtmefhgreater than 10and a molecular
weight less than 200 grams/mol) or PEF for non-volatile chemicals.
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SOIL-TO-AIR VOLATILIZATION FACTOR (VF )

Equation 4-9: Derivation of the Volatilization Factor

where:

Parameter
VF,
Da

Q/C

Ps

Di

VF, (Pl kg) = (Q O x

(314 xD,x T)

x 1074( n?/ cm?)

(2 X pp, x Dy

[ &.° DH' +e,” D) n?

D, =

pBKd + ®W + ®aH/

Definition (units)

Volatilization factor (n¥kg)
Apparent diffusivity (crd's)

Inverse of the mean conc. at the center of a
0.5-acre square source gs per kg/m)

Exposure interval (s)

Dry soil bulk density (g/cf)

Air filled soil porosity (Lui/Lson)
Total soil porosity (berdLsoi)
Water-filled soil porosity (hawe/Lsoi)
Soil particle density (g/cih
Diffusivity in air (cm?'s)

Henry's Law constant (atm3mol)

Dimensionless Henry's Law constant

Diffusivity in water (cni/s)
Soil-water partition coefficient (ctfy) = Ko
Soil organic carbon-water partition coefficient g

Fraction organic carbon in soil (g/g)
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Default

68.81

9.5x10
1.5
0.28 or n®,,
0.43 or 1 - f/py
0.15
2.65
Chemical-specific
Chemical-specific

Calculated from H by
multiplying by 41 (USEPA 1991a)

Chemical-specific
Chemical-specific
Chemical-specific

0.006 (0.6%)



SOIL SATURATION CONCENTRATION (sat)

Equation 4-10: Derivation of the Soil Saturation Limit

Parameter

sat

sat - = (Kypop + 0, + HO,)

Pn

Definition (units)

Soil saturation concentration (mg/kg)

Solubility in water (mg/L-water)

Dry soil bulk density (kg/L)

Total soil porosity (berdLsoi)

Soil particle density (kg/L)

Soil-water partition coefficient (L/kg)

Soil organic carbon/water partition coefficient (L/kg)
Fraction organic carbon content of soil (g/g)
Water-filled soil porosity (hawe/Lsoi)

Air filled soil porosity (Lui/Lson)

Average soil moisture content
(kgwater/ kgsoil or Lwater/ kgsoil)

Henry's Law constant (atm3mol)

Dimensionless Henry's Law constant
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Default

Chemical-specific
15
0.43 or 1 - f/py
2.65
Kx f,c (chemical-specific)
Chemical-specific
0.006 or site-specific
0.15
0.28 or n®,,

0.1

Chemical-specific

H x 41, where 41 is a units
conversion factor



SOIL-TO-AIR PARTICULATE EMISSION FACTOR (PEF)

Equation 4-11: Derivation of the Particulate Emission Factor

3600s/ h

PER n?l kg) = @ C x
0036 x (1-V) x (UJU)® x F(x)

Parameter Definition (units) Default
PEF Particulate emission factor Y{ky) 1.316 x 16
Q/C Inverse of the mean concentration at the center 90.80

of a 0.5-acre-square source™gé per kg/m)

\% Fraction of vegetative cover (unitless) 0.5

U, Mean annual windspeed (m/s) 4.69

U, Equivalent threshold value of windspeed at 7 m (m/s) 11.32
F(X) Function dependent on W, derived using 0.194

Cowherd (1985) (unitless)
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