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Melissa Clark Rhodes <mrhodes@blissnet.com> on 04/20/2000 11:08:30 AM

Please respond to mrhodes@blissnet.com

To: cxb@inel.gov
cc:

Subject: Attention Cindy from M. Rhodes re failed fax

Thank you Cindy for your email! I was online and frustrated until late
last night because I have put a great deal of effort into my comments,
including the reading of the EIS, and discussion with a number of
engineers.

Here is part 1 of 2: Melissa Clark Rhodes (307) 734-7665

- hilevel.doc

a xipuaddy

- uopVWAIOJUT MIN -



gel-da

1L820-513/30d

Document 80, Melissa Clark Rhodes, Jackson, WY
Page 3 of 19

Melissa Clark Rhodes <mrhodes@blissnet.com> on 04/20/2000 11:15:28 AM

Please respond to mrhodes@blissnet.com

To: cxb@inel.gov
cc:

Subject: Attn Cindy, here is part 2 of my comment

This part is authored by a materials scientist, actually from the
INEEL. Since I'd gathered a small group of engineers, and had had

discussions, I feel that this hydroceramic solution made alot of sense.

It appears to have been one of the alternatives which had been
considered early on, and close to the Direct Cement option. Thank you
for your trouble. Best regards, Melissa Rhodes PS: I'll be visiting
the INEEL again in May. 307-734-7665
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Re: Comments regarding INEEL’s management of its high-level waste treatment and
disposal problem. These comments are for the Record of Decision.

April 19, 2000

My name is Melissa Clark Rhodes. My address is Apt. 345 M. Blair Place, Jackson,
Wyoming, 83002.

Thold a Ph.D. in Geology, with a specialty in evolutionary theory and physiological
ecology of “living fossils”. I have taught university level introductory courses in Geology,
Environmental Science, Oceanography, and Geologic Resources and Hazards, as well as
Advanced Optical Mineralogy, Igneous and Metamorphic Petrology, Crystallography, and
Paleontology.

Since Chemical and Nuclear Engineering are not my areas of expertise, I am speaking here
as a concerned citizen.

Ehe DOE has very considerately provided us with information and time, and has included
us in their decision-making process. For this, I am grateful, and I appreciate the efforts of
INEEL and DOE to make available to us the various options which will most likely be
involved in the final decision-making process regarding INEEL’s problems with the high
level waste treatment and disposal, as well as the level of environmental remediation
required after the INEEI has been close@

Concerns:

T'll begin by elimination of the most undesirable options (in my opinion):

Elndesirable:

Separations technologies:

The main benefit of these protocols seems to be reduction of the volume of waste —
different fractions would be sent to the WIPP and the still hypothetical high-level waste
repository. I consider any of the separations alternatives to be unacceptable. Dissolving
the previously solidified calcine back into liquid form seems wasteful, since it nullifies all
the previous calcining performed in order to get the HLW into a more stable granular
form. Liquid HLW is a more hazardous and unstable entity, especially when it is sitting on
Southeast Idaho’s premier aquifer.

The separations technologies all involve a small incinerator, in order to treat the organic
solvents, which would be contaminated with radionuclides. Even the slightest whisper of
the word “incinerator” in the Jackson area would arouse more public oppositioﬂ
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[Undesirable:
20-3 Minimum INEEL processing solution:
W.E(8)

This option involves a lot of transportation and handling. There are also too many
A uncertainties regarding Hanford’s ability to deal with SBW/mixed TRU waste. The
8013 chﬁrvistries required for vitrification at Hanford don’t match. INEEL’s waste is more
WLEQ acidic than has been provided for at the Hanford facility. There is too much risk in
! transporting the waste back and forth. Transport presents a greater potential for
accidents. Additionally, it appears that this option still hasn’t been worked out fully. Too
many uncertainties exist, and the planning appears to be comple:a

E}_ndesirable:
- The Hot Isostatic Pressed Waste option
WLC-(9)  Direct Cement Waste option (see postscript)

These alternatives both require the technology necessary to upgrade the calciner to
MACT. This could be costly and time-consuming. The INEEL might encounter
additional public opposition to the calciner, even after upgrades to MACT. It is a form of

incineratoT{
E/Iost desirable:
5 Early Vitrification Option:
BI?I‘D 2 C(l) This alternative does not require calcination of the remaining liquid SBW and mixed TRU

waste. Therefore, it would not require upgrading of the calciner to MACT, and would
eliminate public opposition to the operation of the calciner. The liquid mixed TRU/SBW
would be converted into a glass acceptable to the WIPP, already in operation.

The mixed HLW Calcine would be vitrified with another variety of glass frit, and safely
stored until a HLW repository could be located and confirmed. The vitrification of the
HLW would put it in a stable form, so that if the hypothetical HLW repository were not
found right away, it would be relatively safe parked right on the reservation.

Newly generated SBW etc. would be directly vitrified, and would skip the calcining step.
The newly generated waste, after vitrification, would most likely be accepted at the WIPP,
already in existence and operative.

This type of technology has been successfully utilized in Buropean countries. However,
this option is extremely expensivg
Remediation:

80-b E/Iy first choice would be the “Clean Closure” Alternative. However, upon reviewing the

‘worker mortality rates, I am doubtful as to whether “Clean Closure” is worth the
W‘k(l) increased site worker mortality ratg_]

Document 80, Melissa Clark Rhodes, Jackson, WY

Page 6 of 19
1 am undecided as to which choices are the most desirable for closure. The “Nuke
Reservation” is right in the middle of a low gradient flood plain, and over Southeast
Idaho’s premier aquifer, which is already experiencing some contamination.@le integrity
8%'7 ) of the aquifer must not be breache@_l
119
Ehe main problem is the leftover contaminants’ location. The contamination is parked
squarely in the path of any flood or alteration of flow pattern of the Big Lost River.
80-9 Paleogeography of the Big Lost River clearly shows alterations in its meander patterns.

vilLe (5> Since the Arco Desert plain has a very low gradient, the river will be susceptible to large
variations in its meander patterns, dependent upon short or long-term climatic variations.
It will also be especially inclined to flooding, especially during the current short-term(?)
climate changes. The contaminants could possibly end up in the middle of a newly formed
river meander channel!

-a Eechniques involving more remote-handling protocols should be strenuously investigated,
VUL & (4) 5o that worker safety could be increas@ 1 feel thatEt_is essential for the underground
go-10 contaminated structures such as the tanks, vaults and piping to be remove'_@

W.A(2 Respectfully yours,
Melissa Clark Rhodes, Ph.D. Geology

PostScript:

It has been brought to my attention that vitrification may be prohibitively expensive. It
20-1\ could cost more than $1,000,000.00 per cubic meter of glass produced. Thus, as an
ni.n. 2.b(alternative, a version of Hydroceramic Solidification might be preferable, even though it
most likely would involve calcination of remaining liquids]
The hydroceramics as described in the following paper by Darryl D. Siemer, “WHY
HYDROCERAMIC SOLIDIFICATION MAKES MORE SENSE THAN
VITRIFICATION FOR INEEL HIGH LEVEL WASTE”, submitted to the journal
“Nuclear Technology”, match leachability test results in comparison to glasses, and are
cheaper. However, the main problem appears to be volume reduction. It appears to have
been one of the alternatives analyzed and rejected by the DOE. Perhaps volume reduction
is not as important as a speedy and cost effective solution for the INEEL’s HLW. See
the following paper:
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WHY HYDROCERAMIC SOLIDIFICATION MAKES MORE SENSE THAN VITRIFICATION FOR
INEEL HIGH LEVER WASTB

Darryl D. Siemer, 12 N 3167 E, ldsho Falls, ID 83402
(evenings/weekends) (208) 524-2479  dsigmer@arvinet

(days) (208) 533-4080 ngmm

(Note: this paper does not necessarily reflect the views of the sgthor's employer nor does it discuss research
funded, encouraged, or otherwise “owned” by that-employee)

ABSTRACT

“Hydroceramics” (HC) are geopolymeric' concretes dmmnil ] mgtnh the leach test perfonnmcc of
radwaste-type glasses, They are made by of Icined clay, NaOH,
plus water. This paper characterizes them mmmmw to mlidiﬁcenon would be
preferable to vitrification for Idaho National Engineering agd Environmental Laboratory (INEEL)
reprocessing waste.

INTRODUCTION

In 1970, ldaho s polmeal leadership was assured. (HLW) generated by the Federal
G

Tiatshe“ hipiqn - wrdate ¢
2t INEEL “NET'T) woidl be prepared for disposal (made
‘readreadf’) in the first “official” }EWWW% ﬁwathltdms bilhms of taxdollars have been

spent on HLW management, no HLW repasitory hasbeen .0f INEEL’s reprocessiig waste has
bempteparedfordxsposal and today’s official deadline for has slipped to 2035 AD’. In 1996, a
“controversial’” National Research Council (NRC) repagt i saven. management “symptoms”
responsible for the melcmmmsmbm&mmaawmm‘ Onaeoﬁhme is that DOE
blmdﬂ‘abcﬂhltse(fandm to any but p en it adds

[ probi ‘This paper di ane such “prefirred aliprhative, vltdﬂaﬂm,mdexplmmwhya

cementitious technology ought to be used instead,
VITRIFICATION’S DRAWBACKS

A paper scheduled for publication in “NUCLEAR TECANQLQGY" documents that the cost of rendering
DOE HLW road-ready via vitrification will be well mﬁlniﬁc»ﬁmhbly $2-4 million) for every cubic
meter of gla.ss produced’, B DOE’s to sshieve >100% volumetnc loading of
its ~60,000 m” uf high-solids reprocessing waste (~4000 m:4 of INEEL calcines, ~14,000 m® of SRS sludge,
and 46,000 m’ of Hanford sludge), the paper goes on o soggest that vitrification constitutes a barrier to
progress and that other technologies should be considered. Another controversial NRC report reached the
same conclusion over two decades earlier®.

Let’s critique some of the arguments employed by vitrification’s champions.

One of these is, “vitrification is better because s glass meltegcan ashiave greater volumetric waste loading
than can low temperature solidification technologies”. This qunmt is mlsleadmg, irrelevant, md
harmful. It is misleading because it presumes both that slteenati muyst be impl
without appropriate waste pretreatment and, as I'll dergonsirate later, that only a fraction of the waste
“counts”, Raw reprocessing waste consists primarily of volatile materigls such as water, mineral acids,
nitrate/nitrite ions and, in some cases, orgsma whxch xmy Include “listed wastes”, solvents, extractants,
and chelating agents. Calcination (or i i % i a straightforward and well-established way to
eliminate those fractions while producing inorganic ssheé whieh esn be d to equally lo lom
monoliths by other means, While glass melm can be (md sometimes are) used as “devolatilizers”, it is
with

much more efficient to do that unit op quip imized for that purpose.

Today’s obsession with volume is irrelevant because thesprasutiiption thet the ultimate cost of managing
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HLW will be proportional to the Wm&w\w?mmm& invalid. First of all,
‘history tells us that the cost of any DOR project will be ex mtwhﬁnmnm:tmﬁ#;mpmduus

anything. For example, the cost of making one canister (~T'm®) of any sort of “rock” will be >90% that of
making ten canisters (~10 m®) of it with the mme equipment. As far u the US taxpayer is concerned, a
DOE EM project’s overall cost (includi design,

construction, personnel t:mnmg, testing, mm:g. m., #tc.) is vu'tunlly independent of the
amount of product created or service rendered. Product/gervices ars fncremental cos

Second, the total cost of disposing of waste forms produced-frora DPOE HLW will not be proportional to

[ their geometric volumes, Why ? 1) Formgl apalyses hivsrapeatadly concluded thét the transport of
finished waste forms to a repository will rqn-m a gmall fraetion of m}mmnga:nmt cost regxrdless of
their volumes’, 2) today’s official hypothetical HLW itory site, Yucca M (YM), is physically
large enough (several cubic miles - geveral tans othillhwuhﬁqmm)maoeommodateany type of
material(x) that DOE might choose to make from fts reprio@isiy Waltes, 3) YM’s “size” is defined in units
related to the amount of radionuctides to ba butied there(th-atmivalent of that In 70,000 “metric tons of
heavy metal”), not geometric volume', 4) the drilling/baring equipznant required to create space at YM has
already been paid for, and, of course, 5) YM will (and-has slready) cost US taxpayers billions of dollars
whether or not any real waste is ever buried mm Agni§, o st of using the facility for its intended
purpose will add only a relatively small I cos atiributable to masy/volume.

The “volume obsession” is harmful because it diverts-attpntiprremunap ftom rendering waste road-ready
to reclassu'ymg it via “volume reduction”. This waste is a*tdg” prablam because it is chemically toxic,
radi , corrosive, h situated in' places poorty sulted to become permanent geological
repository sites, and has been mismanaged/ignored foe sevesal decades - not because of its physical size. In
practice, the technologies used/proposed to affect volunre-tpdnction serve to decease the physical size of
“high level” fractions that “must be vitrified” for offsite dizposal by increasing those of “low level”
fractions to be left on site, These lowalevel fraations : contain the bulk of the original waste’s
toxic/corrosive components and, due to the fact that chemicsls are added to affect separation processes, are
generally larger (often much largu-) in terms of total mass, 3olids content, and volume than the waste was
before it was “volume reduced”. St the vitrification of the “high” stuff in

DOE’s rep ing waste more affordable range from the simph sludge-wnshmg now done at
WVDP & SRS to the etaborate “full separation® schesie been championed by INE!

Another of history’s lessons is that tho l dction:of wiRing rép g Waste h lnrnmva only to
those who might be empl buildi ing, and/or the new

operiting,
facilities that would be required to -eecmplhhﬂ - and equally Bwpursciive both to independent reviewers!!
and people who happen to live near the site in question but db ot detive their incomes from it'%. The only
volume reduction operation that really makes much sense foF this type of waste is “devolatilization”.

Another rationale proffered for vitrification consists of 2 poor analogy; i.e., “because France and Great
Britain vitrify high-level reprocessing wasts, it must be *best® for US HLW too”. This ergument is invalid
because about the only characteristic that these wastés share:are their labels. European HLW consists of
relatively young, first-cycle, PUREX-type raffinates -3 process that dissolves mechanically-
declad commercial reactor fuel rods int nitric acid. The agh by the calciners used to prepare
European HLW for vitrification typically contains 2050 products. On the other hand, DOE
HLW is much older (typically >30 years out-afresctor) snd-copsists primarily (>99%) of non-radiocactive
materials derived from fuel cladding plus ndded sotid-forming PrOCeSS reagents. Consequently DOE
HLWs are two orders of itude less radi and-much than their E
 namesakes. The fechmical reason why the vitrification of US HLW is prohibitively expensive is that a a US
" glass molter capable of solidifying any given amount of “bad stuff™ must bo ~100 times larger and able to
accommodate a much wider range of feedstocks than its Europ part (“bad stuff’ = the sum of
RCRA metals +fission products + TRU).

A more ﬁmdamemxl dmwback of glnus Rx this purposs h that they are “ineluctably metastable™.
Nag a inevitabl

6 of today s oﬂicml HLW
‘was gl type glasses (i.e, glasses
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with low p es of silica and alvmina & high p Srfagds of alkalies and boron) are apt to be

bl mmmwm-nhmmmmmofw
under hypothesized repos:tory conditions®®, some of DOE"LBlwnste management experts are suggesting
that the YM repository must be impl ed without oncrBsE for construction or clayw/soils for backfill —
which, of course, constitutes a serious barrier to sctual implemeatation.

1 do not mean to imply that HLW disposal implemented with glass waste forms would necessarily “fail”,
“Performance assessments”, both formal and otherwise, have consiatentty concluded that if this waste were
to be buried at a suitable repositoxl site, the characteristies of the waste forms would have negligible effect
upon overall system performance'™ 17, 1 dg mesn to.say (Gt glass s nejther “best™ nor necessary.

Let's ine a more i di 'gathc bt aalogy to the US’s present situation is
Great Britain’s “historic waste™ problem circa 1989155,

In 1982, the British government directed its prime nuclesr-contrastor, British Nuclear Puels, Limited (BNFL),
mdammwwdmmmmmmmﬁyummwqu It mandsted that the
new ficility must not only be able to immed wastes to
mwlewmmmmmmmwmmwm.quofwmwa«ed
P ing waste p d. Unbke the sitmtion i te USA, the British govemment did not
impose a wﬁ:redwdumlogf' mwmmmmmmmmwm
Le.,bemblefud:sposalmanyoﬂhepomiblem ‘might choose to implement within the next
50 years or so, Five years worth of find By techtwologists from BNFL and the British

government’s DOE (Depertment of Bnvis ledtos that “morganic cements” would be used
hﬂlmdmmsgwmmsmm%m’w&dmhm,lc that the choice of
solidification teck would be d ined by a mnd-technically relevant characteristic of the
waste, not its history or any labels that i may have picked wp (e.g, “high-lovel”, “low-level”, “mixed”,

A 7, etc.). gl and economnic reasoning,
IAEA guidelines, and the opinions of US technok ‘“wﬂhtmﬂtmmhlcuqunmasofmkmgm

unblindered look at this issue®. By 1991, BNFL hldmpmnwmmmgplmt and its cementitious

solidification facilities started “hot npusﬁm"twoyem ~-those-fheilities have since rendered most of
Qallafiald. 15000“1 (155” : i3 o1 m) "
Since then BNFL has become a prominent player ln the UB mdwa lace - in effect

lmagmxltsmathmwmmwﬂhwmhmmdnnm While this situation is
gallmgzosnmel)snudmyo&unm&wmmmmuwmﬂmmmlikz&e
situation with many of USDOE’s contractors, BNFL genetally what it promises to do on time
and on budget.  Of course, this does not mean that it is ip the best interests of US taxpayers for USDOE to
promise BNFL soveral million dollars for every glass “log™ it might produce fram US HLW* — those

would be much better served if it were allowed to apply an ujRisted-version of the same technology used for
British radwaste.

There are two reasons why INEEL would be the togicsl plges-for DOE to hnitiate such a policy change.
First, unhkc Lhe situation clsewhere, INEEL’s decistos nprkers have not yet officially committed

th any particular HLW -‘Mv Md, INEEL’s fuel reproemmg
facility, the "ldahu Chemical Processing Plant” (ICPR, reeestly “INTEC™) calcined >90% of
‘its raw liquid waste rather than converting it to & lmxtun of water soluble salts and sludge via
neutrafization. This plus the fact that those calcines generate-~40 watte/m* of radioactive heat make its

HLW well suited for cementitious solidification.
THE HYDROCERAMIC ALTERNATIVE

There are three reasons why conventional “groats” (inctudigy thee wmployed by BNFL) don’t perform as
well as do glasses on radwaste-type leach tests, The-firat fj-that grouting is applied to the intrinsically
soluble fraction of waste (liquids and uncaloiicd sghtsy wisitevitrification s reserved for “volume reduced”
fractions from which readify soluble materials have aiready teen lenched. While the pH buffering provided
by conventional calcium silicate-based cements renders them~capable-of immobilizing the intrinsically
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insoluble constituents of radwastes (this “eaqy stmff® cimalits of mujtivalent cations - ail TRU elements”,

the majority of fission product elements, and most RCRA metals™!), such caments do not chemically fix the
aikali-salts that constitute the bulk of the waste so-treztell. | a matorial scientist’s point of view, it
would be better to consign saits to the glass melter and sladgss to the concrete mixer.] Second, the
protocols imposed by radwaste leach tests (small scale, short term, oto.) obviate the key advantages of
cementitious solidification, i.e., that it would be relitively. easy/cheap to make waste forms with low
geometric surface areas rebmve to their volumes (in cther words, large ones) and equally easy/cheap to
then enh their post-emp dutability via in-sitn grovting (grout “backfill” would destabilize
glass waste forms). Third, becauss concretas are tnt¢insjcally-porous, the actusl surfice area exposed to the
leachant during these tests is much grester than is the auaewith sqaal-sized chunks of glass.

Hyd: i 22 this perft g8p IRcause their binder phases consist of mincrals
sodalites, cancrinites, zeolites, dn.) upablo of elmmiemy fixing salts as well as the ‘“casy stuff”.

< lndmdual salt molecules are xnpped within llminnl!!icde’uwl' which form around them during the
process. istry of Hanford’s “Clay Resction
Pmlxas"‘“ via Oak Ridge National lmmry'l almast -equally venecable “Fixed Under Elovated
 Temperature and Pressure” (FUETAP) autoclsved-concrets toshnology™. Raw HC-type “grout” consists

! of a dough-like mix of water, calcined waste, galgned clay(‘metskaniin) and NaOH plus emeller amounts
of powdered vermiculite and/or illitic clay (which eshanca Cy-fization) and sodium sulfide (which serves

ok sgsgateisror=d and a precipitant for RCRA mébeb). The relative amaunts of alkali metals,

aluminum, silicon and a1l anions other than hydroxide, shumhmate, frnride, and silicate in the formulation is
adjusted to approximate sodalite; j.., ratios of (Na+R+E8)3ANBI:X, are b>a, o>e, & d<0.25a. The
physical characteristics (app streagtl, p &ﬁy._n., etc.) of the finished concretes are
similar to those of conventional calchm silicate-ted8 conate.

LEACH TESTS

In order to have a ble chanoe of breaking vitrificalion™s lock on US HLW solidification, an
altarnative must not only be simpler, d:eapu ard safer lenayt, it must also produce products that
satisfy performance criteria established HC concrates ought to possess
the following characteristics; 1) gross mmx Iﬂuﬁﬂv l-l DOE’! HLW QC benchmark,

“Environmental Assessment” (EA) glass as measured by -day “Product Consistency Test”; 2)
normalized 28-day MCC-1 Jeach test performance <1 ﬁylln h th toxio & radicactive materials in
INEEL calcines; 3) satisfy “universal treatmentt (UTS) Gritecia for RCRA metals via TCLP; and ,
4) accommodate waste loadings 2 25%. In nidMi. ey should cvines individual-constituent
ANS/ANSI-16.1 leach indices much higher than The criteria” (6.0) for radwaste
grouts and have similar physical strengths (>500 psi porpfibgive).

Figure | compares 28-day MCC-1 leach teat giérfixmpnce Qf atyjiloal HC with thosc of several radwaste-
type glasses and & hot-isostatically-pressed cgramiq, “ANBW S, The HC cantsined 42 wt % of a
Tept INEEL “zirconia-type” pilob-plamt Gildhe T salcimed-clay pozzolan produced by the
ASHGROVE Cement Co, (“Troy clay™), vermiculite, 8 amail smount of sodium sulfide,

plus household lye (sodium hydroxide). This test exposes a menolith of known composition and geometric
surface area to 3 relatively large volume (tn M-p satlagony of $0°C distilled water for one month.
The fractions of the material’s components found in the-towimbe are then used to derive normalized leach
rates in units of gram/m%day.

Figure 1: Comparison of HCs with ginsdes on-the MCC-1 Test

Table I lists detailed results of an ANS/ANSI 6.1 lwash GesifFhe samb spesimen. This protocol
measyres the mobility [i.e. bulk diffusion constants, D, in-urgiaf cm?/s: “leach index” = «(Zlogyy DYn)] of
individual of a monolith d in war ungr gooditions that discourage saturation effects
(the leach water is periodically changed). Note both thet themost readily-soluble bulk constituents of US
radwaste (sodjum and nitrate) evinced diffustvities ~four prders-of magnituds lower (better) than the usual
waste acceptance criterion for grouts (10 cm?/sec) and that thode of “pagy” (Zr, Sr) components were
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