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several orders of magnitude lower yet. The gubstentiiil SifTniRane diffusivity between the first and later
leach intervals indicates that ~90% of it had bgen*microengnpmubited™ within sodalite/cancrinite cages ~
the remainder leached as it would from conventional grout.

Table I: ANS/ANSI 16.1 Leach Test Perfornisnrve

Today’s most popular HLW teach test Is the “prodiict constsfinay tast” (PCT)?” because it is relatively simple

and quick to do. Since it i a week-long exp sample material to a relatively

small amount (10 x as much) of hot (30°C) water, it Wm‘in’nﬂmm of the material’s gross solubllx%

under conditicns apt to cause saturation. Table JI Gtwriparsis @viral *rapresentative” radwasto-type glasses

with several HCs with h respect to dissolution oftheir moet siintits common compenent, sodium. For “easy”
components such as *St, the HC’s would have oatperformaet the ghasses by a greater margin.

Table II: Comparison of HCs with glasses.on (bePCT test

Most of the attention now being paid to INEEL’s reproc@stiivastesis focased upon the <10% which had
not yet been calcined by the time (1991) ICPP/INTEC logt s tBpreveasing mission — and which still hasn’t
been, Because this “sodium bearing waste” (SBW) maﬁﬁﬂﬂ proportion of thermally-stable alkali

nitrates (which melt but don’t d p than did the other liquid
waste streams, it cannot be eﬁicxenﬂy pmuued inthe existing ‘calciner unless a reducing agent (e
sugar) is first dissolved in it™* ~ an option that DOE-ID baZrejpctsd, Table III gives the results of a TCLP
(EPA Method 1311, SWP 846) leach test applied to apt HC mge with s sugar-calcined SBW simulant that
had been doped with unrealistically high levels of sverallRCRA metals, The simulant was calcined as
follows: After 38 grams of sucrose per mole of nitrats hyd bezp dissutved in the liquid, it was then slowly
added to a stainless steel beaker situated on a maximum-torperature hotplate, Then that beaker was placed
into 8 muffle furnace preheated to NWCF's (500°C) to burn out residual
elemental carbon. The HC formulation consisted of 30 wt % §f this calcine, ~1% sodium sulfide, a small
amount of household lye to provide “free” hydroxirde (the scgtitin in the calcine itsclf was present asa ~1:2
mix of sodium aluminate phus sodium phus saffiglegt water to make a “stiff” modeling clay-like
dough. This was rolled into a ball, d with tin (aotahgminum!) foll, and than autoclaved for two
hours at ~200°C. Table IH lists regulntnry fimits aiong wirh the comentrations of “characteristic” metals
in both the calcine and the TCLP leachate.

TABLE IIT: TCLP Results: Sugar-csicined “softem bearing waste” specimen

HYDROCERAMICs vs “REGULAR” GEOPQLYMERIC CONCRETES
Hydroceramics are geopolymeric’ designied to shinfms nohbilky of the “:ggrogatc” In order to
achieve the quick-set characteristics needed for. construotion-werk, are
usually activated with alkali polysilicate(s), not with alkdll Mydroxide(s) and “often emtam substantial
proportions of CSH-forming components (e.g., gratuldtedt biisCurngoe slag) too”, Table 4 compares PCT
leach performance of three “geopolymeric® congretes {silne’foemulation, different curing conditions)
activated with sodium silicate and a simila 'mmwm@njmk The waste
simulant represents the soluble fraction of thé caustic-Dewfraitzed liquid waste present in tank #44 at
DOE’s SRS site [~11.5 M sodium hydroxide, 1.5 M sdiynCnitrate, 1.13 Mlodlummtrnte,()4Msodmm
aluminate, 0.2 M sodium carbonate, plus a trace of cestpnr ciflorfda] A 10:1 mix of “Troy clay” plus
powdered vermiculite was used for all of them. 1.1 of a 37% NaOH was added to the
“hydrooemmm” formulation (10 grams of the clay mix pins 3 geama of the simulant). The “geopolymeric”
formulation (11 grams of the clay mix plus 5.06 grams ofthewwstesimulant) was activated with 2.5 grams
of liquid sodium silicate (“water glass”, ~38% lol!!h 8i0,RazO wt. ewtlo of 3.22:1). While the physical
istics of all of the be Renticfl, the leach results indicate that polysilicate
does not reform clay into salt-fixing mmenls as. M@x w_{ma Because of their
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excellent dursbilitics and chemical compatibility with HCE: the best use for conventional geopolymeric
cements in this context would be as construction and/ar Il materials.

TABLE IV: PCT leachabllity of geopolymerie vs hydroceramic concretes

These leach tests indicate both that the chemical dtnhhtycnb I» equivalent to that of vitrified materials
and that the leaching of individual constituents is songruent matrix dissolution. Single-
phase waste ﬁxmmuu-hhmchu“wv 39-z"sl-=ﬂﬁmdn-nmhgn the same concentration-
normalized rate — HCs do not. , blages. of physically
interlocked crystalline minerals lng differing i to the rapid, batch-nature of
the process used to make them, the pocosity (~15-25 %) sndBET surioe areas (~15 m%/g) of HCs are more
like those of conventional concretes nmn natural roth or glasses, . HCs match the performance of glasses
on leach tests because their lower intri for their greater surface arcas. Because
the caticn fixation sites in mmﬁmﬂmhﬂmhwﬂ calcum ions (portland cement is
~65 wt% Ca0), HC’s generally outperform them with respact-to of “casy stuff” too (o.g.,
*Sr). This may also explain why the MCC-1 vamm is about ~ 2 orders of magnitude
lower than it was from the criginal FUETAP foroy

SUITABILITY AS A DISPOSAL FORM

The US federal gov s decision to confxmd & 1y awn waste with that produced by the
commercial nuclear power industry constitutes another reaboa: whty it bas failed to honor its promises to
people living near its reprocessing facilities. Due to DOD insisgence that DOE's civilian waste
management responsibilities not interfero with its inteyeets s NFSL P 7122 hy federal government chose
to “withdraw” ancther ~600 km® of land from Nevads fi today’s official HLW repository modeling
exercise (YM). This plus its assertion that o/l comm HLW is to be sent there plus the fact
that the exact consequences of hypothesized fiture floods at YM are impossible to predict (YM is a
hetcrogencous mhhge of different types of brittls rock-situsted ina wmually wuw rcg:on) w:!l

to enough ion/ litigati Wworkmguses to bn P
this repository too — wh-ch:awhylmkm;thuum bl engend toul, Tysis 'n:omos(
reasonable place for the federal g 10 site a r" dedieated to its cold. defense-type
wasto is at its cold-war &mwmmmwm The NTS makes good sense
because, a) it's already “federal land™ (nomW) ft-receives less precipitation than
do other DOE sites, c)ilpmﬂ\eUSAldawmﬁcrdg has already been the object of over
thirty years worth of immediately relevant hydrological resgpreh'“™, o) it has already been irredeemably
cmppedup by ~950 nuclear “events”, and; finelly, Qrw of a practical repository
(~$300/m” disposal cost) for this sort of waste has Teco [mplemented there and then exhaustively
tested'®?, However, it is not necessary for DOE to wait foma fepositery siting decision to render INEEL
waste road-ready — dless of exactly wh.n in the this waste might cventually go,,
HC wa#fe forms would probably prove
similarity to wrrgm_d:u so\lslrodu would | provide less lbamodynwuc &Mng fome fa nltamen

OTHER CONSIDERATIONS

The inventors of the ongunl HJETAP m-«lﬁ“&o Sradiolytie miw[on bugnboo by
provmg that only the chemi serves a1 A p
, the p in HC mklﬂohb&zdmbtﬁndnamﬂmm
sealed. [Scllnﬁeld's “historic waste” solidificetion facilities sidestep this issue by venting their canisters
Unwghnnyﬂlm] Due to MMWMD@’DnyWmemW
management scenarios which would rendee all of the wasie rosd-resdy (not just ‘“volume-reduced”
), several pa, i mwMuamﬂcmmmmexm
since 199690, }bww« becsuse no ﬁndigmwﬁorhbomcryorpda plant
studies, the process’ main liability is 'S ity” — the same handicsp that d d FUETAP to “runner
up” status in a independent review ofnohdaﬂ-noutedmdv.- foc mmtyyws -go*" While it is
reasonable to assume that an HC process could be impl d in a ward fashion, some

lﬁur‘ﬁlﬁu’ﬂsglaﬂ\k\
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important questions need to be answered befors a redl fxilfty 1 deulgned. For example, “would a few
month’s worth of curing at the ambient-pressure m at INEEL (zero gauge pressure)

make an HC concrete comparable to oneprod\wedvﬂtlﬁn in a 200 psi lave?” Ifthe answer
is “yes”, the process would be p eaper to impl

CONCLUSIONS

The “hydr ic al ive” is especially ive it INEEL for these reasons:

1) INEEL has not yet officially committed to-vitetficatton.

2) Because INEEL caicines do not contain excessive cancentrations of soluble salts, it would be
possible to satisfy the “sodalite formulation” gple-ofithum® with high waste loadings.

3) Since two of the three elerents making up HE binder phases (Na & Al) are high-percentage
constituents of INEEL calcines, there-1s noneed to separate them (or anything else) prior to
solidification, This means that everything-would be-prepared for offSite disposal — the
promise made to INEEL stakeholders. {A prizaary goal of the “volume reduction” practiced at
‘WVDP and SRS is to transfer thase elmmm“low level” fractions. }

- 4) Straightforward changes to the existing fhotlity would permit it to efficiently
2 " calcine the remaining liquid waste® — gither alone ex (preferably) after it has been sturry-
mixed with existing calcines’', The latter scepario would consolidate all INEEL reprocessing
wastes into a single, relatively h Toed ideally suited for HC solidification.

5) It would also be a good way to deal with othewINEBL wastes. For example, INEEL must
find some way to dispose of ~1000 metdc tons ofradioactive NaOH g d by reacting
metallic sodium reactor coolant with wiiter. Sinee m:justh.ppmx to be the amount of

“activator” required to turn ICPPI!NTBC 3 akim mm}l(‘ztypc concrete, coprocessing them
would solve both problems, If the chang lcination facility alluded to
above were to be xmplemcnted, vim:dlymymm‘ﬂqnid or partjculate waste (e.g.,
contaminated soils) could also be acoommodated.

6) It is probabie that a formal P{gﬁoﬂal—ﬁo implement an HC-type solidification process would
satisfy INEEL stakeholders’

7) Finally, if a future generation of US taxpayer 3 Ml ittobe both polmcally expedient and
affordable, HC-type monoliths. ed into “vitrified”
monoliths without removing them from their ariginal «nmem’(

Two months ago, DOE released a five-volume Draft Envi tal lmpwl St (DEIS) describing

praposed management scenarios for INEEL HLW®, Uk infl " has rendered
this document useless as a tool for decision-making Fof amnvle,-m.uuthm were told to assume a
“disposal fee” of $850,000/m” for any “high level” vnstz, fRirm yrodmed — which, of coutse, constitutes
an overwhelming bias for schemes which invoke “vojure dsdiiction” of already-calcined waste. Let's
look at numbers: if INEEL’s 320 MTHM’s worth of regrapeding waste (which represents 0.46% of
YM’s “capacity”) were to be converted to 13,000 m® of HCAy® comicrets via the “Direct Cement Waste
Option”, DOE would charge US taxpayers $11 billfort for dispenl; if the same waste were to be dissolved
(which would require about 200,000,000 sgnm-moku of mitrlp axid), chemically separated, and converted to
470 m® of high-level glass and 30,000 m’ of low-levet“grout® (the “Full Separations Option”)”, DOE
would charge them onfy ~$400 million for the same service.

The National Research Council released its review™ of IVEEL - HLW management program one month
before the DEIS was issued, While the NRC report again clisilenges the validity of many of DOE’s

it {udes that, under the present sireumstances, it would be “best” to abrogate
the latest promises mxde to Idaho; i.e., to ngt calcine the Teamifting liquid waste and to just let the existing
calcines decay away in the binsets fnr a few hundred more years.

In this writer’s opinion, that’s precisely the conclusion thet DOE hmd been hoping for. It is also
unnecessarily defeatist because if DOE were wmml to cshey me of its “symptoms™, it could keep
those promises. “Sugar calcination” of SBW was -Argonge Natlonal Laboratory in the late
19503 and tested in INEEL pilot plants 35 years ago’-and, again, in a lab-scale system, 4 years ago. The

Document 80, Melissa Clark Rhodes, Jackson, WY
Page 14 of 19

1)

same apapmach was mxwm'.ed, pﬂoo-plant tested, & thea hartily recommended by Hanford subcontractors

in 1995°. BNFL sugar .7 ofﬂw in its rotary calciners at Sellafield. Its
virtues relative to the “high tanpenmlre (—600°C) ap by DOE-1D include: the bulk of the
nitrate is converted to slemental nitrogen rather than to mxin (& visible) NO,, one third as much of the
solid-forming “cold” additive (alumi nitrate) is 2 lower % of troubl “fines”

)
are produced (they tend to plug the offgas system), and-calpimtion of the remaining waste would take
half as long and produce half as much calcine. In light of this, DOE-ID's arbitrary rejection of sugar
calcination b of “safety iderati nmply muaa lhlt it doss not want to keep its promise.
Similarly, its refusal to devote p ‘ ive solidiflcation technology
described in this paper (and also, ancumely in MW ihat the federal government is no
more committed to rendering INEEL’s calcines rand-ready-now-than- it was twenty years ago.

Because radionuclides have finite lifictimes and US reprocessing waste will never pose an hnmed:‘a»e hmrd
to the publwfat-lnrge, it will alwaysbe possible for the fedeeal tomake a pl

case for more “temporary delay”. ge ‘dmhmkm:mly“techmml issue” because it
also involves “people 1ssues" such a8 missions, money, promisgs, esreers, ethics, and institutional
credibility, The viability of the US nuclear power industry rpquires tangibla proof that the federat
government’s waste management bureaucracy is willing to deal with its own garbage.
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Figure 1: MCC-1 Performance of an HC vs Glasses ard & HIP Glass-Ceramic
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Table I: ANS/ANSI 16.1 Leach Perfornvance®
Interval Sodinm Cesium _m. Strowtham Chromium NO3
(ars) § ppm | -logD [ppb |-logD | ppb | -logD~ |ppb |-logD | ppm |-logD ippm | -logD
2.83 32 9.55 . <2 |>138} 33 15.3 3 14,1 0.28 10.6 | 23 8.3
57 20 9.7 <2 | >135] 68 144 2 14.1 | 0.21 106 | 5 9.3
153 28 9.8 <2 | >13.9 | 140 14,1 7 13.5 10,076 11.8 |23 104
19.5 13 ] 103 | <2 [>137] <10 | >183 ("1 | 150 [ 005 | 111 | 09| 111
22 2 | 98 | <2 [>1391100 | 142 | 6 | 134 | 003 | 124 | 1 | 109
35.8 21 [ 100 | < |>135(<10 | >154 | 1 152 [ 002 | 130 | 1 | 111
25.5 15 { 99 | < |>137]<10 | >160 [ 3 | 142 | 0.02 | 12,6 | 0.4 | 115
36 14 | 102 | < |>137]<10 | >80 1 | 149 | 0.01 | 134 | 09 | 11.0
Ll 9.9 13.7 >154- =|- 143 2.0 10.4
Total % 8.26 <0.0099 <0.0025 0.018 1.2 10.5
Leached
the <> figures in this table are based upon detection capabittthesrof the anslytical instr tation: ICPAES

for all metals except Cs, graphite furnace AAS for Cs, and i ghromatography for nitrate

Table I1: Comparison of HCs and glasses on the PCT test

MATERIAL % Ns,0 mg/ Na in leachate % Na dissolved
EA GLASS 16.9 1720 137
PUREX GLASS 121 941 10.4
SRL-131 12,9 931 9.7
HC#1 NaAlOy/NaOH/TROY 16.7 718 58
clay
HC#2 NaOH, NaNO; (25% of 12.6 513 5.5(2.6% of the NOy
Na)/TROY clay had alse leached)
HC#3 38% alumina 131 554 57
calcine/NaOH/DEA/TROY
clay
HC#4 46% zirconia 124 558 6.1
calcine/NaOH/TROY clay
HCHS 30% sugar-calcined 126 925 9.9
SBW/TROY clay’
HC#6 NaOH/ Englehard 163 229 1.9
Metakaolinite, (ANSI 16.1 LIy, = 11.6)
9-hir cure @ 200 °C

* This particular HC violated the “sodalite compoeitian” rule of thumb - toc much carbonate

TABLE 1lI: TCLP Results: Sugar-calcined "sodiam:-bearing waste" specimen

Analyte Found(ug/g) Liit(uglg) | Caleine (ug/g)

As <0.002 5 10.8
Ba 0.35 100 48
cd 0.13 1 1372
cr 0.023 5 950
Hg <0.01 02 <0.01"
Pb <0.1 5 1500
Se <0.002 1 6.9

“Ag <0.1 5 1510

Mcn;ury was not added to thc liquid simulant beoauss it would Exve been lost during subsequent calcination. Ina

P-‘"P‘“." P

aystem, mercury would he redowsred ftom tho off gas.
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TABLE IV: PCT* leachability of geopelymerte vs kydroceramic concretes

Il

Hydroceramic | Geopolymer | Geopolymer

Cure Conditions | 200°C, 2 hours 200°C,2 hours 90°C, 4 days ~20°C, 4 days

H of leachate 10.7 113 11.7 12.3
% Na leached 7.1 9.6 2 52
% Cs leached 0.086 0.060 0.18 2.0
% nitrite leached 26 36 5 1
% nitrate leached 14 46 57 71
*samples crushed to pass 100 mesh screen (150 micron)-~ no lower siza limit, powders leached with 10x as
much 90°C distilled water,
ACldoc

31-1
)

Thomas L. Wichmann, Document Manager

U.S. Department of Energy, Idaho Operations Office

850 Energy Drive, MS 1108
Idaho Falls, Idaho 83401-1563
Attention: Public Comment: Idaho HLW & FD EIS

Mr. Wichmann,

HUW & P 15 PROSECT -(AR)pE

Conirol # —%’B_(_._

Dennis Donnelly
56 Tulane Ave.
Pocatello ID 83201

March 12, 2000

Please accept this as my formal written commentary on DOE/EIS-0287D, the Idaho High-Level
Waste and Facilities Disposition Draft Environmental Impact Statement dated December 1999.

A fully acceptable solution to the problem of what to do with radioactive waste has never been
implemented or even discussed. I will here present my thoughts on the subject.

A. Repository Location

Eecause waste radioactive materials must be isolated from the biosphere and because water
transport is the principal mechanism for migration (after carefully excluding tectonic activity),
a truly dry location with no access to a water table must be chosen.

The current U.S. repository sites fail to meet the dual site-selection criteria: no tectonic activity
and no water. In fact, no U.S. locations at all meet both these criteria. Have you seriously
considered locations outside the United States? I would like to point out that according to the
global seismic hazard map on the web at http://seismo.ethz.ch/GSHAP/ there are large regions in
Afica that appear to be low seismic risk and presumably quite dry. In fact a line all the way
across that continent at 20 degrees north latitude appears free of seismic hazard. I suggest serious
negotiations (and serious resources) be engaged in this region for repository selection,

characterization, and implementation.

I feel the Yucca Mountain site is totally unacceptable as a high-level waste repository due to the
tectonic hazard there. The close proximity, geologically, to the phreatic eruption site at Ubehebe
Crater in Death valley shows what I mean. This class of volcano has the potential to blow
hundreds of cubic miles of earth into the sky, as it did just up the road, at the Crowley Lake /
Mammoth Lakes area on the east side of the Sierra Nevada
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