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SUBJECT: hiaterials Research Society Annual hiceting - Symposium on the 1

Scientific Basis for Nuclear Waste hianagement XVI
,

DATP/ PLACE: November 30 December 4,1992; Boston, hf A

AUTIlOR: David R. Turner
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Berge Gureghian Michael hicNeil '
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Roberto Pabalan
Narasi Sridhar ,
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,

i

IIACKGROUND: This is the sixteenth in a series of symposia conducted by the hiaterials
Research Society on nuclear waste management. The technical topics covered at the meeting
are brnad in scope, including papers in performan:e assessment, spent fuel, microbiologically
influenced corrosion, glass and crystalline waste forms, radionuclide chemistry and transport,
engineered barriers, and the use of natural analogues. The 1992 Symposium was supported by
the U.S. Department of Energy, U.S. Nuclear Regulatory Commission, and the Atomic Energy
of Canada, Ltd. The meeting was truly international in scope, with participants from Europe,
Japan, Canada, The United States, and Australia. A Symposium Proceedings volume will be
published in 1993.

SCIENTIFIC ACTIVITIES: CNWRA technical staff were heavily involved in organization
both prior to and during the meeting. As co-chair of the symposium with C. Interrante of NRC,
Roberto Pabalan was charged with coordinating both the meeting and the proceedings volume.
William hiurphy was chair for a session on Natural Analogs, and Prasad Nair co-chaired a
session on Long Term Prediction. These coordinators were responsible for selecting papers for

,

presentation and reviewing manuscripts for inclusion in the symposium proceedings volume.
In addition to logistical responsibilities, six research papers were presented by CNWRA technical
staff at the symposium:

R. Pabalan, J. Prikryl, P. hiuller, and T. Dietrich. ' Experimental study of uranium (+6)
sorption on the zeolite mineral clinoptilolite.'
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D. Turner, T. Griffin, and T. Dietrich. 'Radionuclide sorption modeling using the h11NTEQA2
speciation code.'

B. Leslie, J. Prikryl, and E. Pearcy. ' Oxidative alteration of uraninite at Pena Blanca,
Chihuahua, hiexico: Possible contarninant transpon and source term constraints for the proposed
repository at Yucca hiountain, Nevada.'

.

N. Sridhar and G. Cragnolino. 'The applicability of repassivation potentials for long term life
prediction.'

A.IL Gureghian and B. Sagar. ' Uncertainty and sensitivity analyses of groundwater travel time
in a two-dimensional variably saturated fractured geologic medium.

A. Bagtzoglou, R. Ababou, and B. Sagar. ' Effects of some common geological features on 2 D
variably saturated flow.'

Abstracts of these papers are attached (See attachment A).

IMPR13SIONS/ CONCLUSIONS: The breadth of topics covered in the meeting was quite
impressive and covered many technical aspects of nuclear waste management. Topics included
materials science, chemistry, geology, hydrology, and performance assessment (See Attachment,

B). It was noted that there was a general lack of DOE sponsored research on container
materials. Because of the international aspect of the meeting, it was a valuable opportunity for
people involved in U.S. radioactive waste programs to hear what is being done in other
countries. For example, it was reported that the conceptual framework for performance
assessment activities varies between European countries due to differing regulatory requirements.
in addition, research needs in Switzerland identified by scenario analysis (such as more reliable
input numbers, better understanding of features and mechanisms) suggest that the Swiss HLW
program may be subject to delay. However, since much of the technical work presented was
specific to -particular aspects of different national programs (e.g., bentonite backfill in
hydrologically saturated, reducing environments), it cannot be applied directly to the Yucca
hiountain site. Nevertheless, understanding gained from these studies and the refining of
laboratory and field techniques, can be applied to the U.S. HLW disposal program. - New data
on radionuclide behavior and the properties of different elements of the Yucca hiountain system
were presented by a iiumber of U.S. scientists. New techniques such as ultracentrifugation

,

| studies to investigate partially saturated materials in the laboratory, spectroscopic work to image
the solid / water interface, and microsensors- for examining microbiologically-influenced,

! environments, continue to be developed and refined, and hold promise for application in the
i Yucca hfountain system.
|

| Contacts were made and renewed with participants from other nations and other elements of the -
| U.S. waste programs. Discussions with participants at the symposium indicated that the research
' presented by CNWRA staff was wcll received and is being used to address issues in HLW

research, in discussions with S. Tsujikawa, materials research on container life prediction
conducted at CNWRA was found to agree well with Japanese results. Rod Ewing of the
University of New hiexico suggested in a keynote address that work being performed by

i

!
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CNWRA at the Pena Blanca natural analog site is one of the few successes in applying natural
analog research to long term performance assessment. N. Sridhar made informal arrangements
with Sandia researchers to obtain copies of public reports on spacer corrosion for comparison
with predictions by CNWRA models.

PFSDING ACTION (S): CNWRA staff involved in organizational activities will facilitate
review and revision of papers submitted to their sessions. Papers authored by CNWRA staff
will be finalized and prepared in camera-ready form for publication in the proceedings volume.
A copy of the proceedings volume will be obtained for the CNWRA library.

RECO31SIENDATIONS: While it may not always be possible for CNWRA staff to participate
to the high level achieved in this particular symposium, it is important that CNWRA staff
continue to be involved in international meetings of this type. They offer an excellent
opportunity to disseminate research performed at CNWRA to the scientific community in general
and the HLW research community in particular. In addition, CNWRA staff will continue to
benefit from exposure to.HLW programs in other countries and through interaction with
participants from other organizations.

PROllLENIS ENCOUNTERED: None.

REFERENCES: None. See attachments for symposium agenda and abstracts.
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EXPERIMENTAL STUDY OF URANIUM (6+) SORPTION
ON TIIE ZEOLITE MINERAL CLINOIrrILOLITE

ROBERTO T. PABALAN, J. D. PRIKRYL, P. M. MULLER, AND T. B. DIETRICH

ABSTRACT

Experiments on the sorption of uranium (6+) on clinoptilolite from solutions in equilibrium
with atmospheric CO (g) were conducted to understand the fundamental controls on uranium2

sorption on zeolite minerals, including the effects of pH, aqueous uranium speciation, and
uranium concentration in solution. The results indicate that uranium (6+) species are strongly
sorbed on the zeolite mineral clinoptilolite at near neutral pH. The amount of uranium sorbed
is strongiy dependent on pH and, to some extent, on the total concentration of uranium.
. Uranium sorption on clinoptilolite is important in the pH range where UO (OH):'(aq) is the2

predominant uranium aqueous species, whereas sorption is inhibited at pH's where carbonate-
and hydroxy-carbonate-complexes are the primary uranyl species. Surface adsorption appears
to be the main sorption mechanism, although at pH <4 the results suggest ion exchange may
occur between the UOj+ ions in solution and the cations in the intracrystalline cation exchange
sites of clinoptilolite.

The effectiveness of zeolite-rich horizons underneath Yucca Mountain, Nevada, as barriers
to actinide transport through sorption processes will depend strongly on groundwater chemistry.
Reliable predictions of radionuclide transport through these horizons will need to properly
account for changes in solution chemistry.

.. . .
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ABSTRACT 1992 FALL hlEETING
Scientific Basis for Nuclear Waste 51anagement XVI

OXIDATIVE ALTERATION OF URANINITE AT PENA BLANCA, CHIllUAliUA,

h1EXICO: POSSIBLE CONTAh11NAST TRANSPORT AND SOURCE TERhi
CONSTRAINTS FOR THE PROPOSED REPOSITORY AT YUCCA 510UNTAIN,

NEVADA. Bret W. Leslie, James D. Prikryl and English C. Pearcy, Center for Nuclear

Waste Regulatory Analyses,6220 Culebra Road, San Antonio, TX 78228 0510 USA.

Contaminant transport in nuclear waste repository performance assessments might

be constrained by elucidating the mechanims and spatial and temporal extent of uranium

movement away from uraninite deposits, while the source term for nuclear waste repository
Iperformance assessments might be constmined by the solubilities of radioelement bearing

~

solids and/or the rates of release of radioclements from nuclear waste forms. Assessment

of the mechanisms and extent of U mobility, and the solubility and rate limits for the

proposed repository at Yucca hiountain, Nevada might be aided by using information from

the natural analogue at Pena Blanca, hiexico. The Nopal I uranium deposit in the Pena

Blanca district and the proposed repository at Yucca hiountain occur in hydrologically

unsaturated tuffs located within Basin and Range horsts and have cimilar climates. 'nie

primary uraninite and secondary uranium mineralization at the Nopal I deposit is largely

contained within a 20 x 40 x 100 m " breccia pipe", which is presently exposed at the

surface. The uraninite has been 3rgely altered to a suite of uranyl oxide hydrates and

uranyl silicates. This alteration is anas;7s to spent fuel degradation processes expected

to occur at Yucca hiountain.

Detailed petrographic analysis of uranium ore, altered and unaltered host rocks at

the site combined with detailed mapping (1:25) and sampling of the exposed surface has

revealed the distribution and paragenesis of alteration of the uraninite. De distribution of

secondary uranium minerals appears to be constrained both spatially and temporally with

uranyl oxide hydrates (ianthinite and schoepite) formation subsequent to uraninite and

occurring within and very near remnant uraninite. Uranyl silicates (alpha-uranophane,

weeksite, boltwoodite, soddyite, and beta uranophane) subsequently formed and are

restricted to areas away from the uraninite. Lateral redistribution of U away from the

breccia pipe appears to be limited to 10 meters or less. U series studies of mineral

separates and bulk rock samples are being used to constrain the temporal and spatial

distribution of U.

- _ _ _ - _ - _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - _ _ _ _ _ _ _
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REPASSIVATION POTENTIALS FOR
LONG-TERM LIFE PREDICTION OF LOCALIZED CORROSION

N. Sridhar and G. A. Cragnolino
Center for Nuclear Waste R:gulatory Analyses

Southwest Research Institute

REVIEW SUMMARY

The U.S. Nuclear Regulatory Commission requirements for geologic disposal of high level
nuclear waste, as contained in 10 CFR 60.113, specify that the waste packages shall be designed
such that containment of radionuclides will be substanth.lly complete for a period of at least
300 - 1000 years. Pitting and crevice corrosion are two of the important failure modes to be
considered in detennining the performance of container materials. In computing the life time of
a container materi.tl suffering from these localized degradation events, both initiation and growth
of the degradation front (pits or crevices) have to be considered. However, once a stable
localized corrosion process initiates, active dissolution of a metal in the localized region can be
quite high, leading to short failure times relative to the required life of the container materials.
Therefore, the design of a container should involve appropriate selection of materials and
fabrication technology such that, under anticipated environmental conditions, the initiation time
of a localized degradation process is long relative to the overall anticipated life. It is well known
tnat the potentials required to initiate localized corrosion processes are higher than those to
propagate them. Once a growing localized corrosion front is stable, the electrode potential has
to be decreased to a value lower than the initiating potential to repassivate the material. If short-
term changes in the environmental conditions such as increases in redox potential and anionic
concentrations lead to initiation of localized corrosion, mechanisms must be provided for the
cessation of the stably growing localized corrosion frorit once the redox potential of the
environment decreases to a stable value and the anionic species reach stable concentrations.
Hence, repassivation of growing localized corrosion fronts is an important consideration in
ensuring long term performance of the container materials.

Another advantage of using repassivation potentials for long-life design of container materials
is the generally lower scatter observed in the measurement of repassivation potentials compared
to that of initiation potentials or initiation times. This may be related to the dominance of
material surface variations on the initiation events, whereas the more aggressive environmental
conditions established inside stably growing localized corrosion regione t.'nd to minimize the
effects of surface variations. Since the repassivation potential is lower than the potential for
initiation of localized degradation processes, it may also form a lower bound value for selection
of container materials for a given scenario of environmental evolution. A critical question in the
use of repassivation potential for life prediction or material selection is whether the measured
potential is truly a lower bound value or whether it decreases with the extent of prior growth of
the localized corrosion front.

)
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EFFECTS OF SOME COMMON GEOLOGICAL FEATURES ON 2-D
VARIABLY SATURA'ED FLOW

A.C. Bactzoelou; R. Ababou; and

D. Sage.t Center for Nuclear Waste Regulatory Analyses, Southwest Research
Intutute San Antonio, Texas.

B11s paper presents results of unsaturated flow simulations undenaken.as an
auxiliary analysis for the iterative Performance Assessment (IPA) Project. The
effects on flow of common geological features, such as nonhorizontal'

stratlilcadon and vertical or near vertical fault zones intersecting the strata, in
a 2-D or " thin slice" domain are studied. The probicms inherent in specifying
inidal and boundary condidons that are consistent with observed infiltradon
rates and/or measurcd hydrogeologic propenics are discussed. A method for
developing consistent inidal and boundary condidons for more complex
problems is applied. This method depends c steady state solutions of simpler
flow probicms which are assumed as init wndidons for the more complex

genmetry flow ennditinns.

The resuits indicate that die presence of layers and crosscutung fault zones tend

to induce 3-D unstable flows in the unsaturated zone.
The instability is

manifested in our simulations by an oscillatory behavior of steady state dtatis,
at large times the soludon fluctuates and does not tend to converge to a single
value. This was a preliminary study, with emphasis given on process modeling
rather than predictive modeling. Future work will involve a fully 3-D study
that will include, as far as possible, dic known properties of the Yucca
Mountain site.

;
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.i omce as part of the Civil.an Rahoacuve waste Managernent Prt' gram managed charists. te & southcnnao ou catkad generstam may be enhanced and esan a

by tre U S Dcpartrncru of Encrgy. Yucca Mountain Siic 0 aracicnasuon 10 mei caiccnusuan. us me low caacuma conctatratzm). Nuchde airpam on
*

Pmject Office, canads and ransport suates have shown ihai the serpuan toevuasr giwa try
the clamical surf ace crampsesauce angrosch shouki, coupend mta irwupart

i ; L30 PM. W d**'"'''"""*'*"''"""*****"'"'**'''"'***"'d""''d*"d'r""ihe
,

'*

ire nxa must be taken me accouns ioguher wi2 as reevernbes arputu o*

R ADIONUCLIDE MIG R A110N STUDIES ON TONALITE. ,,3,o,,uci.de amo un com Rn sie we ca,usurs%Ica p ie ut2

P HNut. M SotareKaupoi, M. Hakanen. Umvermy of fleistrdo. and arp an capacar of the mM tend, der puerice in om grants water can

! Depantnent of Radiochemistry. Helsinkt. Fmland and A. Hautogevi. he neskecied in the macey analyw when ccmsstains sie reverstne oude:s

Technical R esearch Centre of Finland. Nuclear Figineenng c=0*'8"o" '"*2c8 8'*2 could be targar whca se sorp m is gotiowed by aI

I '"** ''8*8"*" ""* D'' **dY * 'h'' * nh ihe asumeuw we
g Laborstory. E.spuc, Finland. disinbuum in graneuc msca canaucung t'issurs dus assacatain-

4;j agglomerauun sche ,a yicJdes aneversib4e amiam is nry unkkaly.
,_o auess the safety of underground crystalline reposaories thej; i

retard *uon charactertsuca of the tedroett need to be known. Water
flow rate and porosity of the rtick as well as migrahon pathways are 3:30 P.M. R2

Tile INFLUENCE OF NON41NEAR SOTWTION ON COLLOID FAQl.l.the most imposunt factors affecting the transport of radionuchdea in
TATED RADtONUCLIDE TRANSPOIC TitROUGil FRACTURED MEDIA.fractures and in rock rnatrix. In this strk migrauon of radionuclides PaA L mith Paul S<herrer Inst 4tute, Wirenhagea and Villigen, $witsortand

was studied und+r laboratory conditions using dvnamic column
method and static (Mough <htfusion method. Migriuon pathways in In Llee safety namensment of nuclear wasta repositanes, sorpuen of radionacliden

/ rta.k rnatnt were identified by autoradiographic method and the laterai ois the suefwes d colloede may signseantly modify troaeport behavioer where
uuon of porosaty was determirwd userg "C-PMM A methcx1. coikud concentrauon a sufficwatly high, la the em of fractand geosopeal med.a.j Mir

coibde may be auctuded from matsta pores. n which case radecouchdem bound"u
e them are not sub nt to the retardirig data of manna darusion sad morption,N the ryuce.nionix radisuuhdes iwd weie ititiated wa,cr (itTO) and i

intoride (*Cl) iom as nun-arbing uaccrs anu sodaim PNal as onto ma6na pwe surfaca
y

]I
shghtiy torDing and strunuum t"Sr) as strongly sabing vacers he va d a e@ed uanspan enodd, ma Imaar wpoa W on pen m-
Warauon of uraruum Wil was also studied using #U as a tracer. Twce and codoids. is desirable if in can be demonstrated to be conservabu'

Transport of radionuchdes *as imerpreted using m<xicis for dispersion Iwver, is .s uncieu how a con... tent, conurvauve unear model for sorpse
q( Nd for dif fusion into the rCa'k matrix Retardauon and diffusion .ppiring to both pore surface, and coito,d. can be denned, since now .orp93n

( p,irarneters are given and results from stauc and dynamic experiments onto pose surfaces is conservauve. whde a high degree of sorphan on (c4 bas is
maconwenuaare comparco. Retaruanon progrties of tonaute are discussed.

A model is presented describing colloed facihtated Ltansport throvgh fractured
3:00 P.M. U, J ,,, i.a e ,a, ,,o , _ i,,, .,, , , a ,,.,,,, a ,,,,,,uno,,, ,, ,,,,a ou t dh .t,,u,,

~s
*

l RADIO-LABELLED HUMIC MATERIAL 5 IN MlGi(ATION the menere behavior to t>e cai ecten. and e... cie u wna are uemoved to ene n

STUDIES. Lats Carlsen and Pia Lassen. Nattonal when the tiemna of colloW mit han a nn4 cant mituente on tranwort. Ad-
* " "'I '""' H "*"'""" " "'*"aa"'"u"I "'"IU" E '*m a"-3** *"'F *fl

Environmental Research Institute, Roskilde Denmark Peter
*'""*"*"d***"**d I"' *D ' h * * **'" " d * h ** ' ** "** "' ' '' * *6 *dWarwick and Amanda Randall, LouEhborough University of model, with linear sorption calculated for the highest cone.entraAion encountered

Technology, Loughborough, Ul', abg the flow path,is conservauve for colioid fauletated transport is aJdenseed

H

] It is well known that humica and fulvic acids are able to com- 343 p,g, g

g plex polyvalent metal tons, e g. radionucitdes, leading to solub- TR ANSPOSRT MODELING IN A FINITE FR ACTURED ROCK
;e complexes of significant strength, thereby decreasing the DOMAIN? Crne F. Novak Fluid Flow and Transport Dept. 6119.

Jy sorption of these compounds to soils and sediments. Obvtous' S.uidi: Nauonal Laboratones. P.O. Box SW, Albuquerque, NM,87185.
j. Iv, the interaction of humte materials with radionuclides may

: 1
s'ignificantly influence the availability and transport of the W waste isnamton Pilot Piani twlPP), a U.S. Deparunent of Enagy facihty,is

nucimmo *nnmaic enecuve isotauan of nansurame nuc6 ear wasic nom n
-

|4tter in the' enytronment. Typically, studies along these itnes accessante environrnent. This ocmonsiranon inuuoes predicung radionuchder

.y have focussed almost exclusively on the radionuclides, where- transmrt raics should hyptuhcucal human intrusion into the WWP allow
as the actual role of the humic matertal has been elucidated dissoived radionuchoes to reach the Cutenra cotonute sanne wata.ticating urut -

g. only indtrectly. In order directly to study the behaviour of the overtying the wlPP. Hycrokigte and sw6osie onsavanona suggest the Cutetea

!- naturally occurring organte macro-molecules in relation to the is appreciatily fractured, mcamns tnat now occuts pnmanly u rougn fractures

environmeatal f ate of radionuclides, radio tabelled humac- *'"'' ""* '"h"C 5' mage mun in ine adgent mama, un onynca
,

reiamanon uwusuin oaosuies ouo me inano and cnenucas retamauon wute.-i and fulvic acids can advantageously be APP ied. Radio-labels immohmaauun mrougn enemical reacuens> could ugmacamly decreasel
i such as carbon-14 and s. dine-115 have successfully been cova- r3o,onucude nu grauon rates inruugn me Cutcora.o;

! lently incorporated in humic and fulvic acids. The paper dis-
Numermal simunauons wnh the atT nnue diuerence moet in a firutc. 'dealued

'

cuss the labelling of humac substances as well as preltmmary'
* * F'"'"Y D"'* *C'" N # **U # "#""**E*"""'"*"

= migration studies. wluch a wt or Iwo coupted one.itimensional equations is msufncient to descnbe
; -

hChavhir , mil a fully iwn.4hmenuunal reptc%Ciitation 44 fWCiltd. 21 cinnparc
Nnid ictauunun by lun cahnge het H.u'uno wuh and wnhout a clay ihong.3g$p,y, y(g; .

""# N "" """ " "
COLLOID PROPERT1LS IN GRANITIC GROUNDWATER SYSTEM % a Hy simWawns Mer W M m h h mm M
w1 Tit LMPH ASIM ON THE IMPACT ON 5 AFFTY AS5LS5 MENT OF A an s can Mung sammM we nacen WM W W MM
RADIOACT1YE wA$TE REPOSTTORY, C. Degueidre, Past $derrer * "" *"" 8 '" 8 8''" "'" *""'*' 'C''' d* "'" ' *"*d D ' 'Y h * "8 ' '"' Y ""'

l ineut.a. cli.sm Y mgn, senseinnd. ** * F "D D'*"' * ""' 3.nce cuekuds are present in til groundwasa, they are susbad for their pmenual

| roac in pie migrauon of frevant radarmuchdes in the goospnest. Coll <m!
'

; sampung and characterusuon campnians han acen utned out ut ine Gnmsca
'

area. Smucriand (Gnase Te.n Sue. Transetsu Tunemen and m ire Northern 11ns wwti == wc&neu ey uw umed 9.us ocpruncm or Ericrgy under Conuxt*

} Saitacrianelliaca Forcar area (leugstrn. Zarzaca. Bad Skimgca. DL.ALTes46DMsR169'

) Mensenn.awandt On the tmus of ressats otna.m for avne la groundwatert ine

[ loilowuis may tie concludr.d. The coeloads in graniuc svmems are tascaiiy mur
i of ccmconcews of the aguda fnatcrisis (shca clay). la dcq hydrostochemmal

CondeuonI, the Colitud ConCEnirtuone art nm et[Ecacd to e1CKEd IGi ppo.
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' 1:30 P.M. V3.2 Dissolution tests conducted on ontotred and unoxidized fuel
7 gLICT*0cEEMICAL STUDI15 0F COUOSION OF $!MFUEtt SIMU1.ATED grains, using a flowthrough test method, have indicated that
: UstD CANDU NEL. L MtI, D.W. Shoessith and N.B. Miller. the chemical reaction rate is insensitive to the fuel'si Whiteshell Laboratories AACL Research, Finava, Manitoba, oxidation state, at least under ore set of repository-
t Canada PCI IU) relevant water Chemistry Conditions. Additional tests are'

tn progress to relate the ostdation-induced change in effec-
! tive surface area of the fuel to the dissolution behavior.i The corrosion of $1MFVtt, steulated high-burnup CairDU f uel, Pesults of the dissolution testing as well as micro.

Is being investigated using electrochemical techniques and structural charactertration of the cuidtted and unostdited
I-ray pnotoelectron spectroscopy. These studies are beiras scent fuel specimens utll be presented at the meeting.
conducted to determine the effects of the fission products

in used nuclear fuel on its candation and dissolution. 2:15 P.M' ElElec t rodes were f abricated f ree SIMNEL pellets with
compositions close to that of a natural Vo, fuel stradiated PHOTOTHERMAL DEF1ECTION SPECTROSCOPY
to 3 and 6 at.I burnups. The SIMF1TIL electrodes shoved INVEST 1GATIONS OF URANIUM ELECTROCHEMrSTRE
higher conductivity and electrocheetcal reactivity than pure 1m D. Rudmcb and Richard E. Russo, Lawrence Berkeley

| U0 electrodas. A comparison of the open-circuit corrotton L.lboratory, Berkeley, CA.t
a

't potentials of the SIMFUEL edeetrodes with that of a pure UO,
' / electrode in orygenated solutions showed a much fsater Photothermal Deflecuon Spectroscopy (PDS) has been applicd to uraniumi increase in the potential for the SIMNRL ettetrodes at oIndC ClectrochCmtstry. The PDS technique a} lows the COnceDirauon

short times. This suggests that the initial stages of UO, gradeems near the electrode surface ard the opucsj absorplaon spectrum of
oxidation the surface to be measured simultancously. Dese measurements art'

performed vi mu uruct dynamic condations. The concentration gracents
I i uo, vo, , , Uc, , , are directly related to the flua of species to and from the sample surface.
j / De r.r.asurement of the concentruon grad ents detects the dissolution of,

are' facilitated by fission product lopurities in the uo, species froro the uranium om.2de sampie. The optscal spectrum of the

]j! su r t z , sample surface aids in tne idennfication of the oudation state of the
surf ace. De htcrature has shown that the opucal absorpuon of uranium,

<
1 A5 P.M. W ouucs in the near UV changes strongly as the uranium La ondised frorn

Uo2 to higher oudes. The measurement of this abscrpuon can discernMEASURLMENTS OF CRAIN BOUNDAAT INVENTORIES OF 433Cs, "$r
between anod c processes that result in onde films and processes that

.

AND ''Tc IN USED CANDU FVEl, 1. Strees-Casegn g, J.C. Tait, result in dissolution. The combination of these two messntr,ents
j f R.J. Forth. J. McConnell and 5. Watson, AECL Research, pmvides inoght imo d r osadauc i mcclun.sm of ursneum oodes.- -; Vht teshell Laboratories, Finava, Manitoba, Canada, RCE ILD

?' Ws work wu suppmed by ths Yucca Mountam Site Charactemann
;- The safety assesseent of the geological disposal of used Pruyect US DOE.AECL, Internauonal Program.
i' CANDU (Canada Deutettus Uranium) f uel requires in f orma t ion
k PMv? tha pp iW g r e t e - M u c h.* y t w torf*1 et p g*,

a M ' radionuclides in used fuel, Measured gap inventories, "
;

3'
. combined vtth a fission gas-release code, have been used to die !MPORTANCE OF CRITICALTTY IN THE SAFETY ANALYSIS

d estlaats grain-boundary inventories for a nueber of OF UtE SPENT FUEL WAYTE CONTAINER. Winim R Cabreth,
q radionuclides. This paper attempts to validate these and Paige Ziehnska, De p ,t of Civil and Enytronrnental

4 estimaten experimentally using two techniquee. The tirst Engtncennt University of Nevada. Las Vegas, NV.
% technique leached used fuels that vote partially oxidised M

expose grain boundaries. Only a f raction of the C3blated g
a i graim-bcundary inventories for Cs was released.
-. indicating that the calculations may overestisate gmlogic repository will rtquire the construction of contamers to be
I inventories or that prior oxidation of the fuel either does placed in boreholes dnlled into tne host rock. Cunent legislanon' M not expose all grain boundarter. or renders Ca at grain- requires that the fuel be ma2ntained subcntacal. This is deternuned

4 boundaries less soluble. Release of "Se and H Tc agreee through the calculanon of a neutron muluplicauon factoE. h, tha14nustj reasonably well with the estimetes ior these radionuclides
remain below Q.95 in any fortsceab4e situauon Criccakty mil play an, m which are, however, based on limited data and conservative gassumptions. A second technique leached non oxidised buti

'

crushed and stae-fractionated used fuel in a flow-through configurauon of the fuel, and the selecuan of neutron possons. An
systee, to avoid any artifacts introduced by fuel osidation artalysis of L should be a normal step in the con-Hmon of new

_. , or solution precipitation processes. Preliminary results waste conuuner designs. Unlike thermal effects in a proposed
j' for a low-power fuel indicated a gap + grain-boundary repository, cnucality will remam a problem long after the 10.000 year
.l inventory for L8'Cs of 3.21. In reasonable agreement with a lifeumc of the facility.

; calculated inventory of 4.7%.

_1, in this study, nuclear cnucahty has been determined for the propoxd.m.00 P M. V3.4
spent fuel mntainer for vanous situauon that include varying fuelj (FFECTS Of AIR OXIDATION ON THE Dis 5OLUTION iULTE OF lwr ennchrnent and partal att gap flooding. Results wsil be presented to

N "'" " " ' " ""P'''' '^* #''"* ## " * **' I " ' 8' ' *P'"'c oetB s L at y R d A
f act contamcr.

The long tere rate of release of soluble racionuclidas frca
- spent fuel in a geologic repository will be partially 2:45 P.M. Elcontrolled by the dissolution rate of the 00, fuel matrix-=

KINETICALLY CONTROLLED DISSOLUTION Of' UO,(s) UNDER
Factors that could affect the dissolution rate, such as att

, CXTDIZING CONDITIONS. A CCMBINED DI$ SOLUTION-
_ ou tdation of the fuel, must be evaluated when assessin9 CXIDATION MODEL. Ignasi Casas, Javier Glmenes, u.aD.sDent fuel perforeance under repository conditions. de P atd2, Viceng Marti and M. Elena Torrero,
. Cnemtcal Engineering Department, Universitaty Light. water reactor (thR) spent fuels have teen shown to
1' avidize along the grain boundartes, converting the V0 Politecnica Catalunya, 08028 Barcelona, Spain.

7

7 grains to osygen supersaturated U,0 This oxidation statep ne release of urantura f rom three samples of UO (s)
j may persist for long times at the tesoeratures of interest
g for a recosttery. The ostdtzed fuel could dissolve at a wl;h dif f erent particle sizes (100-300 uta, 904-fl00

um, pellet) has been studied as a fun tion of time.f aster rate than unoutdtzed fuel, either due to an increased !n all cases, the s aine pH, tonic medium,chemical rea: tion rate or cut to cracktng along grain,y

[> boundaries, resulting in increased surface area. temperature and osygen partial pressure were used.

.

_

"

_ -



_ _ _ _ _ _ - _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ - _ _ _ _ . _ _ _ _ _ _ _ _ . _ __

,

4

I
a

i. stringent: the Inquid metal solvents such as copper- SESSION V5 NATURAL ANALOGUES i

' magnestum and zinc-magnestum. as well as molten Tuesday Morning, Decemeer 1
I calcium and alkallne earth halide salts. must not react h eri

| cxcessively with containers and other components at
* 800*C and should have good mechanical properties and
| adequate thermal shock resistance. Titantum nitride is 015 A.M. l,id

k,i a candidate matettal because of its thermodynamic M ASS TR ANSPORT MODELLINC t i THE N ATURAL AN ALOCL'E
stabutty. This paper discusses the fabrication of TIN by STUDY OF THE CIGAR LAKE UR iNIUM DEPOSIT fvm Nem'

I hot pressing. effects of variables such as pafJele stee and hnsong Liu & hwei Yu. Dept Che' aal Engineenng. The Royal insinus
sintering aids on the denstflcation process. relationships of Technology, Stockholm. Swedn

'

between porosity and mechanical properties. thermal
co.ck res4 stance. arid corroston resistance of TtN in the Mass transpon of uranium and some otnet in-suu nuclear reacuon products

,

j ruotten salt and liquid metal environments. unuum. C-14 and C146) are studied m ine near field of the Cigar Lake
uranium depos t in Canada. De vanous rock / ort matnces an modelled as

.J ' Work supported by the U.S. Department of Energy * porous media Dissolution is the means by which uranium is released
j. Nuclear Energy Research and Development Program. Release of nuclear reacuon products is dictated by the balance trtween mass

under Contract W-31-109-Eng-38. tanspon, spontaneous decay and in.suu generauon.

[ 4:30 P.M. Y.06 ne objecuve of the study is to gain more confidence in the performance of

< i CRITICAL CONDITION FOR AND INITIATION LIFETIME OF
final nucicar *aste nposecs. The hypothencal mdelling is based on the

' " "' # 8 '
-

LOCAllZED CORROSION OF MILO STEELS IN CONTACT WITH "'$e''ny ca i g as mpt cm
BENTONtTE USED IN GEOLOGICAL OtSPOSAL PACKAGES OF

The uranium transport case is solved both analyDcally and numencally. In
NUCLEAflWASTES. GmEakavmna and Masatsune Akashi. the analytical approach only dissolved total uranium is addressed while in+

Researcn institute, Ishint aw allma h aram a H e avY the nurnencal approach geochemical rescuons are coupled with mass
industries Co., Ltd., Tokyo Japan transport. Redon reactions of both minerats and aqueous species ut

included. La the study of nuclear reaction product transport in-snu
generauon in the ore, decay, dispersive and advective transpon in the rock

The use of bentonite as an artificial barrier cum snock matnces are considered.
aDsotDer is being contemolated for tne use of mild steel
as a material f or geological package of high level De results obtained are not in contradicoon wah the field observations,

radioactive nuclear wastes. For this, following critical
80 W. Mpoints have been empirically clarified for mild 9 teel, in
MODELLING IN SITI) M ATRIX DilI USION AT PALMOTTU

a simulated groundwater, varying the bentonite solution NATURAL ANALOGUE STUDY SITE IN SW FINLAND.
rallo (D/S ratlo): 1. the relation between pH and B/S Kan Rautainen. Technical Research Centre of Finland, Nuclear
ratio, 2. effects of B/S ratio on the critical condition Engineering Laboratory, POS 208. SF.02151 Espoo, Finland. Juhani
for intilation of locaiized cortosion; and 3. eff acts of Suksi. University of Helunki. Department of Radiochemntry SF-00170

B/S ratto and electrode potential on the in6tiation Helsinki Fintand
I' hfetime and subsequent rate of propagation of locall2ed

D'**" "N * *'* " ' # ""****"**"'*D*"*"8"*Y
!4 corrosion. Yet there Is no escaping from the danger of shains indic,ite mass flow in crystathne tetrock Matrut diffusion theory

the Inillation of the locallzed corroston occuring in was used to interpret the coserved uranium senes disequihbna around
weakly alkaline environments f of systems containing natural fractures. Profdes of ca.sily dissohable radionuchdes from decay -

'

-| De', tonite envisaged today for geological disposal, chains 4N,2 and 4N+3 were measured m core samp6es. Ammonium -

xetate and TAMM's oxalate were used to separate the radionuctides.
ad

4:45 P.M. V4.7rq
LAsonAToRY $TUO!ES CF GAS GENERAT10N FOR THE uASTE The interpretation of the profiles was based on the use of uranturrr series
t $ol.AfloN P114T PLANT.' E R. !runn and M. A. Moleck*. disequilibrtum code URSE and migrauen tode FTRANS. We simulated
5and1a Nattonai t.a b o r a t o r i e s . A1buquerque, NM; oncentration profiles in umC as funsuon of depth from frasture surfase

I'"NY-, D I ed A gonne Nationalboratory, pton The systern was characterized using all available caperunental data, the
taborstory. Argenne, IL. R. H. Vreeland. Je s t Chester
University, uest Chester, PA; R. E. uesterman. Sattelle system evolution was outlined uung tne availadie geoiogical and
Pacit te Northwest Laborator te a . E tchland, uA. geochemisai history of Palmottu sac.

Design basis transurante vaste to be emplaced in the unste The goals for this study were the interpretauon of the observed activuy
isotatLon Pilat Plant (utPP) may produce 51gnifLcant proldes by matnx diffusion theory used in performance assesstnents. and

; quantities of gas, which may in turn pressurite the g ggg g g
# repository to t*o ata (lithostatte pressure) and perhaps

nigher. Anoute corroston of steels produces signtficant
quantitles of H2 under low Coy, brtne. inundated conditions. 8:45 A.M. Yid
but i.ot under humid condLt tons . Under inundated conditions URAN 1UM. MINERAL - GROUNDWATER EQUILIBRIATION AT
with initiall. pure Co2 above brine. passivation occurs PALMOTTU NATURAL ANALOGUE STUDY SITE, FINLAND.
quic ktv . These resulta and thermoovnaste calculations i me Ahonen. Timo Ruskeememt, Runar Blomqvist. Geologica1 Survey
suggest microblat Co2 production may shut off corrosion of Finland; and Riitta Pilvio, University of Heistnki, Deptriment of
before it generates significant quantities of H2 However. Radiochemistry,
elcroblal acttwity may continue to produce significant
quantitles of Coy and other gases. CO2 not consumed by

The behaviour of natufal uranium in and around a small Precamenan U-cementttious matertals in the waste and' proposed backfill
Th minCrallZalion hosted by pegmautes arid m'Emauzed gneisses is betrigaddttivea may condense to form a liquid of.may fora a

supereritLcaL fluid; e1thar f1uLd vouid 1imLt tbe studicd as a natural analogue of radionuchdes possibly released from a
pressurization caused by Co2 production. However. HLW-repository. The most important pnmary U mineral of the
encrootal productton of other gasee may eontinue- minerahtatiott is uraninite, which is partially altered to urantum silicate-

|The composiuon of grounowater in the bedrock fracturca vanes from1
'This worn was supported by the United states Department of fresh to slightly saline (TDS about 1.5 gilt Uranium concentrauons in
tnergy under Contraee cE.ACo a oPoo789 the groundwate'rs var) from about 100 ppo to values below I ppo. Yi.*,,

h 602
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a tarostie for 9e mer em comed e, ie-um e tet,u te Nec tr*ectnet snouid oc regarded as in;c sond soiutions rather than ceo t im e
,

itoir.hKirnetnc *ninera,5 of terr!yJdynamicady til-defined sLDstances capaole sorptim ame escNeim old se!es: war filtrette are cargassted en reta' sat v

j of oniv umpie son escnange Moreover, compositional v ana bilu y e. g, e g a e.g m %, % ,,
aparermv etms even at the dimensions of tr:e unit cell in smeccre.
wagesc.r g trat measurtments of smecute's thermodynam4c proxrues must

|1 a, count for composiuonal differences among muiuple cetis in indmdual ,,E "" ' " , ' ' ' 8"*" d W 8d" *'* '*18 " ' en ca . L t t-

avstats This sntroduces an estraorc4carv sevel of virtually trieducib;e' I

| mmeretuv. and hence uncenainty. anto models of tentonne-water 11:00 A.M. YfL4
merac tons DIFFUSION OF URAN 1UM IN COMPACTED SODIUM BENTONTE

;j Arto W unnei Technical atwarch r; entre of Firdand. R e.acter
11ermhm% mis weeg for untente s edooiunon beh.ivier LAratory. P O Doc 200. SF-n21h f.snca. Fmiand., ,,

un nevereciess unequmsa,1v tuvnd ranges in aqueous solution comNsi.<

i| 'ons itut are an espacit funcuon of the unceruimy in smettae comtosioon-
The ma;or factor controueg the mobdaation of most fission products and

in one a::proacn. we quantify uncerta;nty in terms of ranges in concer'rra" aetmidea from spent fue4 under disposal conditions is the rate ef4

iar s of ocranedrai and retratedrai Al, and excnange sne canons and
*acanc:es Mass tranuer in ocntonne waier systems is men modeied us4ng Jessosution of the UO, matria. The progress of the dissolution process a

- mnvenoonal mass,acnon ret.tuons and standard Giebs energies for controued by the diffus4on of the dassolved uratuum through buGet to,

]!
4

s utocniome:nc minerAts. and the sne-occupancy cor. struts comeined with y undwater.
,

ne minine relatioris for smecitte. The resuitant boundarig conditions art
I meous soiuaon composioons predicted in the trxxtel may be large or srnalj in this study, diffusion of uraruum dissolved from ursruum oande fuel was'

'

n;-ecng on wn.ch aqueous species are consWered. Nt thev are valid nudied esperimentauy in compacted sodium bentonita. The ddfusmties''

' mecae et eqmbbnurndiseau2num m smeetce +ater rea:nors were determmed by the steady. state methori De parameters vaned ut the
j y - study were the densey of bentonite. salt content of the solution and redez

p+:h'
condstions.

1010 A M. \.6.2I

% MUECUS CIFFUSION IN AEPOSrTORY AND BACKFu ENVIR0rWENTS The soluhdity of uranium an the non-salme 900 ppm) water was about
;| [ m et L Cm WSU TroCit,es. 4cniano. W A 99352. Mchset J 25 ppm in aerobic conditions. and uranium staved well in the solution both

-

3 Apted and Aancy Arthur. INTERA Scrences. Denver. CO 80235.
in acrobic and anaerobic d.ffusion tests. The effecthe dJfusrvities of,

} uranium depended considerably on the deruity of bentorute. probably as aAoueous dAs4on coettcents nave been celermmed 4n a vanety of ter.uit of anion exclusion.y,.
. 9 ::orcus mea a us:ng iransient anc steady sta:e. c.reci and indirect
I, i memoos 'ci rettormance assessments. the simpie cittuson coorto
i ' em. D. must be separated from retarcahon eHects, e g , sorpton. O is The solubdity of uranium in the saline (35000 ppm) water was about

emy a funcnon el voiumetric water content. 9. and not matenal 11 ppm an aerocic conditions. In anaerobic conditions uranium, howevet

paractensbcs At nign water centents. O gradually dectir'es as water tended to precipitate, uranium dJfusion through the sampics becg
I h comeni decreases. from 10 5 cm2isec at e - 50% to 104 cm2see controded by the low solubdity.f

W at 0 - 5% loilowed by a sharp dec6ine to 10a 0 cm2 sec at e - 0.5%
I

/

| %r example, a satura ed fractured whole rock wdh a total corosity of 11:15 A.M. Yll'

|
M:s and an unsaturated gravei with a total porosity of a0% that is TEMPERATURE AND SiOISTURE DISTRIBTIONS IN A CIAY
say 45*. saturared. nave the same water content. 6 10% and the'

a BtJFFER MATER.lAL DUE TO THERMAL GRADIESTS.same D of 3 a 10 ' cmo, sec. Naturai rnatenais have nignty tortuous
a

. illusion Nths. and tog normal distnbutions of tracture aperture Mohamed, A.M.0, Yong. R.N.. Geotechracal Research Centre.
! *chs or r. ore voiumatinroat oistnbubens that are simitany alfected McGill Uruversity, Montreal, CanaJa, Kjartanson, B, AECL

a i. tv cnances m the water coment. Althougn surf ace dsffuson has a strong
! eepenmental bats in the transport of gases song metal surfaces. and a Reserach. Whiteshed laboratories, finawa. Manitoba, C.inada.'

siror'a ineoreocal cas<s in clay systems, expenmental evide nce
ccnctusneet, indicates that surface cittus on <s not imccriant m aaucous

,.his paper addresses the experimental study and evaluation of the6y geoienctacmNt systemt even m compacted benton#te. because of the
,

j g 4
esitemely poor connectmty among siectric doub4e layers and the mater:aj parameters governing the process of coupied heat and mass
entremefy low diffuvvmes and high <sC/dx at smail area.pomq contacts flow in the buffer material A one dimensional test configuration was,

an<n more man negare the mcreased fia a'ong mdmdual gra,n
:- s uitace s. used to examme the transient temperature and moisture flow in a

i!.I buffer matertal Seversi series of one dimensional tests were used to

10:45 AX %3 investigate tne nature of the temperature vid motsture movement
{g
:

s"It ai grMAf @ bEOM31 7 % " ?c, ' "(t " % Apo '%s W CSCID ggdgf d;{{g gggg gggg gg g[jY IMOosCd temDCradre gradients. IhC4

y uma swE wun sArc !. uni cerA u ncine tm em sauu fut measured temperature and meisture gradients were used to calculate
=

j *w A.xier - ww A i C.-=mt corsweim f ase-sure wa"
the diffusion parameters governmg heat and motsture movement m

lit t A%,4 the butfer material An identification tectinique was then used 101

N savet a n#e catf a ents u e meur.a at roca Im siwe uncut 23 ca:cuiate the diffusion parameters. The empincal relationships of tre
'n auer axwens unwinian ey ava.eenomsi mn-siew, state o.tfusim Jiffusion parameters are presented. These relationships will be usedi

-] < *ar % "' qi. " % em " w .n i e r.34 t u r e t.a c-i.: sm- to assess the time dependent moisture and temperature profdes ci
| .n r e n. a w.u c e au, ...o.oi, wa met.o. v u,. m * m :he butfer to anahte its thermal pertermance before it becomesa ... _ e - , , _ _ e. _ _. _ . _ ,.. m 3.

Ulturated with water,
:en tw ie m 0 : ois a t ' E are was ecucact d m a N t call ..in t%s ide of
a., m a-i.r a n. m r.#t o m em annui, of c 4-m ir .a .u

j tm ui.o w uno. .n u ceii m er.w.o to os uturai.e .m a:it m.a 11:30 A.M. Y.6dl
ter. rs ea r t 1 v ewan e= t t ,e ci acrun. .on ,numm e, e t, MOISTURE ADSORPTION A?iO VOLUME CHANGE OF PARTIALLY'

SATURATED BENTONITE BUFFER MATERIALS. Takesm Waeo andcf t.etr o. w us t, :awu awet oitt# m cce t t e.ni e twu
eru m r. r ewo n v a r u. .ae r, w e.m o. o ,: . . p y asao Wakamatsu. Ishikawapr9a Hanma Heavy Industries CO., Ud .
. hec t 44 t4:3 at a trs t wir' et dfV arlitt of MITf f t maatd f)e tPg GH cf of t*w

".nrGe of ocra.t st Nr.ture e > 1M d'y der't i t y of W:ani t e %cmse N 6 43 ru) Water vapor adsorption criaractenstics of buffer matena:s to be used 'Or
sent a cardoo m centmas "?c w es raiaraso by amm esmon tea.se

tre geotoQC C'SDosal of hignaevet radioact|ve waste are investigated
nomsM J t f ms e soev e of : rs pe r t ectw t a t e # :ine r a t eosme r ic. H qhly Compacted blocks Of JaDanese Na bentCntte and a bentonite-sand

%uture are used as the Duffer matenal. Inittai dry denSty of the DiocKs

i

r i: 604
i
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| 3:30 P.M. *Rf Biodeterioration of cement is expressed in ierms of bioleactans vetooty
.

{
TH: 1;st CF !*K4 ANA!Js !$ !N LONQ*TE M NONDESTNCTIVE of calcium and modiacations of physical properbes
COPROSICH MOW;T0litf8G CF N'JCLEAD ALLQf$, P 9-
ke t, CARIAD Coneuttants, 391 Partview Ave., sosta

,

4
nsa, ontarso, Canaca M N 337, 8. 34ndioensen, Ontacto Udumen as tummonly uwd at a matrit for the long term storage of

| Yne: raham wastes . ng term twdegranihty of hdumen is discuned as
4 e e tio e es

; Matestaus, Ecose relyt ecantir e, montreal, P.Q. a function rf its chemscal composition arid cl barious studied
** 'I'""**'caseet enamination et materta As sospected or damage is

al.ars aestraolo, but not al sys tenetbie. rer
, ;

specan ne tre"se +30 PM W. enems>1e, at may te impesettest to cut
In tnesesetors or hign tr.t eg: A t y wa ste cont a triers .

j cases, sep1Acation et areas of t rit o r e s t using a CHARACTERIZATION OF SPUTTER-DEPOSITED 316L-
cometnation or image analysis and repiscating tere can STAINLESS STEEL ULTRATHIN FILMS FOR USE IN MICe

t provide a espad, tr>e spens tve , and nondestructive STUDIES, A.J. Pedrata, M.J. Godbole, University.

; arternative. It also cesuate an an eastly stores of Tennessee, Knoxville, TN and P. Suci and Lrirmanent record of the damaged area. ,nts tecnnique
may be et rectaculas use in analystne r.icrobiologscal desty, Montana State University, Bosesan, MF,,.''

corrosion ettects, cut blot 11m ettects may oe
signaticant. Thin filme ranging in thickness from 6-12 na

j- ,

To test (n settabtitty of the resulte using were deposited on germanium internal r e f lectier.
seplicatang tecnniques in comoination otta the ta ge elements but sputter deposition. The chemical,

anatyser a " standard" sample and one sample trce ai composition of the films differed by rio morereal p.tttr.g problem -ere esamined by direct
q enemination comoined tth image anatysis, by image than 10% of the bulk stainless steel target.

3 / analysts et an untreeted poet, and by image analysis Films 6-12 na in thickness were found to be
! ct sets from samptes treated witn penetzents. The continuous and contained amorphous and base

N.b Ns!s .$i.$ Ee vb center cubic (BCC) phases. A face centered cubic-t o n seesunt
s r.etaant = e s te s t toe accataaed corroston. ottterent (FCC austenitic) phase could be produced after*

I I , penetrant options are dascussed, and the potenttal for heating to 873 K but this produced eruptions and
applying this type of tecnnique to anatysts of depressions in the film, Corrosion rates ofl

yf; ',
I mtcreatolostcat oeoradation of buried unsects sucn s' films composed of amorphous and BCC phases were

1 .a st e conta ane s e is cona ade r=<s. similar to that of the bulk material although
7 the passivating current was higher for thin

.( +00 P.M. V7.6 films than the bulk material. rilas exposed to
ANALYSES OF CORROSION PRODUCTS AND DEPOSITS ON flowing startle bacterial culture medium were
THE SURFACE OF AUSTENITIC ALI4YS EXPOSED TO FRESH stable for at least 1000 h as were films chal-

i i

[ WATER, A.M. Brennenstuhl, Ontario Hydro Research, langed with a consortium of bacteria when evalu-

, y 800 Kipling Avenue. Toronto, Ontario, Canada, ated by attenuated total reflectance Fourier
94 MSZ SS4: R.D. Davidson, Surface Science transform infrared spectroscopy, The resulta
l : Laboratory, University of Western Ontario, suggest that thin films of stainless steel may

London, Ontario, Canada, N6A 5B7; and T.S. .be used in conjunction with infrared spectrosco-* '

f i Gendron, Chalk River Laboratories, Chalk River, py to evaluate corrosion reactions promoted by
'

| Ontarto, Canada, xoJ iJ o . bacterial biofilms.

Corrosion product and deposit analyses are a +45 P.M* V7.9,

i e necessary part of corrosion mechanisa
MK RODI Al. INFLUEN( C tlN ENVIRONMENTAL CR ACKING OFdetermination. When corrosion has resulted in an HIGH STRENGTH STEELS. Tim torJ and Ralph ManchcH. Harvardl environment in which microbiologicsl factors have w lc A Navat sudauU ""' nia Cambodse M A; and M anan ne ehad an important role, such characterization

takes on an even greater importance. This is **d*'' l'at".'olnr Senas. Md
to a

Sh because the chemistry of the natural environment
F 8d"'' "I hd'd' "' d "eck usca in oscan engineeries systems a oficeHI is generally difficult to define."

Juc to cmbniticment ut the mau.nal Although hydrogen aJnorbed se
w

h Bulk analysis techniques such as ICP, ICP-MS and '"d*"''""'' **'h'F'"'*U' " $ P"'"' M'- " ' ' " " ' b''""' ' ' P'dI'

XRD will yield elemental and chemical information * "*'" 8's.n boundancs ansi indu& spmus that produce hydroeca.

! from deposits. Microprobe techniques which d'"I' '"d '"II'd'*- 'd I """" ''" * 'mponant in aculo sun

) includa SEM/EDS, XPS and SIMS are better aulted ' m bnu k mc a t
,

".
for extracting elemental and chemical information "" P''''"""4*D""''*'"'from corrosion products. This paper discusses P'P"*'"d*".b'""'P""''"''''"d hardened ucces %c have previously measured hydrogen
the application of these techniques and how they ' " ' ' " ' ' ' " " " ' * d'' biofilms of wf fiucas munitude to demancan help in mechanism elucidation. wsccpuble uccis."We have ai.in found that stressed high tensue strength

'
i

ucci ned s arc susccpuble to uren cracking in the prese nce of a
J + 15 P.M. V7.7 h ydrogsn. ana ac,d.p,oauc,nc hacienum.

. EFFEC 3 OF MICROORGANISMS GROWTH ON TIIE LONG
; 'mRM STABILITY OF CEMENT AND BITUMEN * M F Ebe t. 0"' t u '''"t 'c ic d't h focuses un two arcat (1) We are invesugaung'

Nuclear Research Center of Cadarache.13108 St Paul Let Durance
h yd roite n rcemcaonn raics thruvith thin (dms ul 54ccis used in ouan

i I Cedes. FRANCE. R. Selher, G. Jouquet. M. Trescinslu and H. Spor. ' "0"""".,o""n*i ur anison 4 d a d f o on
"" " " ' "''*"# ''' " " " " ' ***

nuus s nin ms ubohc e v ro. In addio-a.

f I ac .in ssp. eng urow d won pio in s tow en ud uagnant uw,u6 r is

,'
'

unant a n. uM .a a woun6 '"du a Ivf uddl **M v4 n su On silm en nostuinal S olon vahon un ra.o of crask f ormauen
|4 engineered barrter of wastes repositories situated in geological we wid Jouow our authodol.. p al appruach no e saininie d
o formations s usce pninlit y of hardened wh to nonobul auack, .nd presm'

i

prehnunari rovin on inatcruh ladurei
'

q The effect of mineral acals emeted by bactena (TEdads) or
1 organn; acids produced by fungi. un the brodegradation of three kinds

, of cement is dxussed Orgame aads are quantitativeiy and
,

j [ qualttativeiv determined during growth of fungi over a two year period.
* Anaeroo,c conddions promote the organic acid production. Even wdh

high pH conddions. pH of the cement = 11. growth of microorgarusms,

,
occurs.

| e

| |
t
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10:45 A.M. E9.2

|: 9:45 A.M. y3J
LNN ANCWENT OF THE CLAS3 CORROSION (N THE P915DdCE OF CLAYUR ANIUM AND R ARE EARTH PARTITIONING IN SYNROC,
MINT R ALS TT.5TTNG EXPEANENTAL RE.SULT3 WTTN AN IVf1 GRATEDKatherme L Sm4th. Q:f dry E. La;g Mark G. Blackford and

R Armur Day. Aus:rahan Nuocar mence and Technoiogy Organisacon. Gl A55 Dt550LLTION MODEL. F.am (.cti. Paul $ctemr laswt. MH Vegn

I. PMD 1. Merias N 5 W 2:34. Ausiraba
PSI. Seiuerund. Meo4e Godos. and f.iarsee s ersat CE.N VALRHO.B f 17,i

10:03 Bagnois surOre Ceoca. Fraru.e.
!.

! 5.rrx a a ceme taana.c ceramic Jesigned to encapsulate high level
i nucitar a me r HLW) A ppro timaie r y 75 von % of Syrtroc consists of

r.ircomme provsade and hodandne These three pr'ases are the maior ABSTR ACT
4

nosts im Sr. CL rare cann etements S EEsi and acunides ( ACs)in the*

HLW Oter pases ieciuce rme<Magneh phases f-20 vol %),
.

mernetamc anovs Konusung of notoe r,etais and P) and several Ca-A). Recem gass disanuunn esperimema, en wnn.A tmrtuniacas E.ase stwc.nicna w.re

|.' nianate pases Iwnwn in can'binauon ger'erally constitute < $ voi n kathed as #C wah *nnous envranmeni ma.cna.a. W runaruNy faner 3: ass
:orrosion e ine pruence of clav. comrwed to v.sts we glass aaune or wse cia.rREEs and ACs precormnantly partmon between zirconoline and Wau masenaa Ws ded conciaaes wi A de c.av conert in de tatR and mrerowstice, wnh a smail percentages t>eitig incorpormed in one of the

4

ii '""""#d"'"'''"*'8"I'"''"""""5"D''" *' " ''"""" *'t'
nunor pases iCAT) capua(am of a sdaca eth cisy, wirt pr@osed as poss4ie trw'hanasma (or de sals.a con.8

"'"P"'"'I ! TNs siudy was minated to deiernune the parunoning of ACTS and REEs N "*sts of some cairnmenu have tren ecswd agairna a glass desoluuan enses. in9eiween niconoi.ie. pero u ne and CAT n Syrirta;s contairung different *"" * "'d''? "''d k'"'*C ''watum for guss conosson is coured nie darus,v salsa...uoums of umma:cd waue i10 ami 30 *t1i and differcru procesung istrutun ihmugh a samte pamany, linearly seing medua. Because de W e@a-
impunnes i Fe;Oi .md N;O) U *as used to simulate iettavalent kun irntucs M c rms met wh are innmly precoruunal e die silicac od
u.untues aM Ce NJ and Gd were med to simulate Insaient acundes contemrnuon m de leatum coetartang de glass. she moeJ predicts an - ~m- of3

abe corrosam kinctra orien saiaca is sorted by de putms maisurn.

it was/bund i .at regard:ess of waste icadirg or the presence of prwesstrg N enterimental da6a proved to tm fuity consisu:na se the trodred accrJanuon of
i

# m.o u rin e t puunoning rai.cs f or orconohte perovuite were
'h' 8'''' "'*'"'*" "~ " ''*'''. ine mme6<sumano diantuu a wricems for seca

1. 1 4.1 10.and 1 1 for U. Ct. Nd and Gd.
L. 2ompariwns wul be drawn Mtacen Ca resbits of this studyinua suppurung iis ievnxahesis that de oOservtu high conusson ranet att due to Squan

sorKnon (() fall enhan ine range of vthacs cairaclod {Fom avtilable Islerauire dAa,apPro s smaica w
ie s pec t a veiv

,'

and inc resuali of previous aMhors. og sitaca on OK ciay mestral surfaces;

t

10.00 A M. V8.7 11:00 A.M. DJ
int ainA!I t ON Cr sM0C+c WTH 8XM C|.M . Pierre Van DISSOLUTION OF R7T7 Gs. ASS IN STATIC AND FLOWING
.mnee s:ricEN. Mol. 3 and K. Ha r t. AN$7o, Lucu Heights- CONDIT|ONS : INFLUENCE OF Si DlFFUSION MECHANISM IN

'' "SW THE LEACHED LAYER. F OeInn. CEA CEN
Vatrno/SCD/SDMC. BP171. 30205 Bagnots sur Ceze Codes.

;; .he disso.tution denaviour of synroc s,. in contact with Boom
. g g g

4} clay ha s teen investigated. .nactive syaroc sampies with

a vaste 10adina nt a r were esposed at n *c or 15 0 *c tr. Montoother, France; and E. Vernaz. CEA CEN
Ik Valrno/SCD/SDMC. BP171. 302C5 Bagnois sur Ceze Cecex.
|J naturet sucm eta, or a dilutea clay s turry. for durations up

i to two yea r s . $ytr oc -C a ppea r s t o dissolve awch slower than France.
nign.iever wa s te gias s . the dissolution behaviour of syn.oc.

,

a, . is untrotted soth ty the very low intutulity of its Leacn tests of the R7T7 nuclear waste g; ass in cistt!!ed water, are
ccnstttant gases. L e s e n e.s spectes sorb ento the clay conducud at 50 anc 90*C. uncer static anc slow tiowing

y

4 turner reductos natution concentrations. The esperiment* conctions, with a glass surface area to solution-volume of 0.5
,

are interpreted in terms of us, leas. solution analysts and em-1 A computer mocet for glass oissolut:en (LIXIVER)is usec to
surrice analysie. interpret the cata.;

The mechanistic mocal is Dasec on the comunation of the hrst
1 SESSION Vo GLASS LEACHING orcer law governing surface reactions. the equation of suicon

'l Wednesday Mormng. December 2 mass transport in the interstetial sciution of the arteration fdm. anc

)
'

Ricater
an emoincal law of partial sdicon retention in the alteration layer.
The LIXIVER mocol satisfactonly accounts for the expenmentat,
resuns. The modance of 5 pusion mecnansm. m the map

10:30 *A M V9'1 iayer, is stressed. Silicon apparent cdfusion coetticient are'<
i

o,inted out : D$i values are ranged cetween 1016 anc 10-14int t.r.AcM i n c r ru . Am. N o . ANo ic nCH HIcH. LEVEL, W ASTE
u s s a c t.AY ME C I A . P. Van leeghess K. Leennens i W. Lian. mos at 50*C, and between 10* anc 1013 m,/s at 90*C..

',
t 3cric a. yt, s

1,

i the teachins eehavtour of eu. Am. Np and ic from the hiah- 11:15 A.M. V9.4
f level waste glasses of interest to itelgium rsa s t>een studied. EFRCTS OF Mc0 ON SHORT AND LCNC TERM STABillTtES IN

the corresten tests were carried out on knactive glasses (the WATTR OF R T7 ANO M7 NUCLEAR W ASTI CLASSES,
cogema R7?? tte es son 68 and the oVE Pamela glasses $M513 and 7 Advocat. CE A CEN/V ALRHO. Marcoule BPt71. 30207 Bas;nois/ Ce te-,

5M3271 tracered with the radionuclides. Nuclide leaching wa9 Frahce; E. Vernas udemt I L Crovisier. CC5 CNRi i rue Blessig . 670tUe

etudied in contact with a Boom clay slurry t elay diluted with Stramurg France.1 Duwssoy. CE A.CEN V A1. RHO.
claywater), eventually loaded with metal corroa ten products.

! a t 9 0 *C a rid 6 3 *c. f or durations up to three years. Nuclide Ma ne num onide was added to the standard R7T7 and M7 glass
concentrat 5an in mobile f c6 ( smallee than 10 FWU) waa fcun compouuons developed for contamment of hssion product solutions M7
to be r e t t'e r independent on durettun, and was about 10- dif fers trom the R777 reference glass mainly by a larger proporuon of
Molil 'Pu. Npt or less iAm. ?:1. This value was decreasing network modiher elements and a correspondingly lower proportion er
in the presence of metal corroston products. Largest part of glass network forrmng elementi. The percentage of fission products., ,

ft the actavity leached is sorbed onto the clay in an twobtle simulated m this study by macuve etements, was abe same m both cases
form. The mootle concentratione teacned do not !it with incressmg the MgG content of the glass compositions by 2 io 5 wi%i

soluutlity . uite. meaning inat other penomena auch ae resuited m sigmucant var anons in the aqueous leactung reustance at 90;

g complesaticn would centrol the mobile concentra t ton, g g.q,

i

I.

,

j t
i - g

a

1
,

608
i

,

--- - - - -
_



_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ -

y. -- . ..

t

-| t
4

|
t

! 2 30 P M. V10.3 3:15 P.M. V10.6 MSSTRACT NOT AVAILABLE)
Modeling S AfV effects in borosilicate glass dissolutioni 3 30 P.M. V10.7
N n. n,t. ..n o.. ,.....tv...it. wit.r. u.c -..;ainno ANCIENT METALLURGY AND NUCLEARi.' toe n

i 4 s .3, arp=. am... i t e < stern a vaae . s

WASTE CONTAINMENT. MadhtQgodny,
i

Lap.rer..ata; dau t r wmue s. ass e..Wstma skew thAn abeu . Susata sto Smithsonian Institution, Washington DC
we ana i. .wua. esta (S A/V), nn.4 sysum ust r.utu de set ene uterug 20560
taisA/VPi.s.n ie wn.. 7dow: ssssuwu .( est.n. .. kan ..ams.d,

s. n. s me utaus, .a ud.niano,as 5 A/V'T e<aw a thema maht Archaeological artifacts of metal, usually of

) [ of ::us. At 14h S A/V, the asus el the sa.ratma sayw sa u giua-.aser snum bronat, are eIamples of very lod ( term

j h a otaA ssi ud mui 6. aue aud f.e na the s.mustaa. 5tackometnc 4.a 43- corrosion resistance and as such have been
v sea c uiu 6. u.m.4. w. ua u. med.Las rus.u 6. .is.rasu the ikxhaus ( evaluated by the nuclear agencies of several

. . . a u s s u. u d 4.um a. .h.ther am mu 6.m = s aa u ria.a t he 1.d .I countries as a guide to materials cholces for,

&
' %

s A /v i na.si a a4a s r/v tuu. la eu m.o.L un-.=Aem iru n a us e uew the containment of nuclear waste Complete
,

< ' I b.. 4 .nh ha ter ine mue u. 6a riu c..k.=t .4 aasn amas p H obtua.4 in evaluation is thwarted by the loss of some
I I to. ikrugt s a s..m. ten usu M 4.l uenwas for datust 3 stu muraa objects to the corrosion process, and by'

as "a tv al arenbua .u** t;ua.' Fr'dx t th' lua of *uLs r.se6u ...a if uncertainty as to the environmental history
--| 1

u. utaugag Wr a ha st u 10 nauswun thd The model th preh u that under which others survived.
3.as d'asei.nos 6a J M .nser er oth r . 6en outer bsf ne sa pd than dat6 Led;

,j' .u.v.4 Hw. usord.ag t S A/V't u Lgher 5 A/V uku The Wh .4 S A/V*t It 14 suggested that instead of metal, an
rea-as . Let s A/v i u ihanfor 4.u us shau ur fudia.atu desc.sacy impermeable ceramic composite used in

ancient metals processing installations
{1 % ou unut usemanas .f siu 4.umet.n u um d=4 m g;m seemwn

should be reproduced and tested for its
y b. h a ..mp na quase al on eutante .ad mesi 6. anna 6 4 for amu.e resistance to radiation damage. Though tble

. [
. muiu m u. ba.macu 6a u. s a ma at at oet w.,e - .,.. u. . .,

material was synthesized twenty five
..u: c u m cr..c..a..w.wu. .v.ua . e-. centuries ago, these installations are intact

N ;m wu .u ..u ,, 4.....aw.t.asm.a.
and still hold water.y

I' 145 P M YJL! F 45 P M. "V10.8
! urtcm or cRACrtNO cN THE rINET:Cs or THE
| INTERACTION OF SILICATE CLASSES WITH WATER. im LONG TERM PRFDICTICNS RELATINO TO ENVIRCNMENT
! M m and Aaron Barkatt, The Catholic University

SENSITIVE CPAGING (ESC). F . N . P a r k. i n s , Univoretty

y of America. Washington, DC: and Inna G. Talmy and of Newcastle upon Tyne, Newcastle NEl 7RU, England.

|'l Marriner F. Norr, Naval Sor! ace Warfare Center,
In the great majority of instances of ESC thatSilver Spring, MD.'

occur with operating structures, such a mode of
failure is not anticipated at the destqn stage.

|
Comparative studies of two multi-component This is usually because the envtronment that

j silicate glasses have confirmed the otservation results in cracking was not identified as potent or g

AlOn it was locally generated frcm the bulk environment
| ! that glasses with a relattvely low S10; +

content may exhibit temporary increase in leach and that had not been anttcipated. There are many

[ rates during the Initial stages of their exposure examples of sucn, but buried papelines may to used;

to water, SEM studies of the leacned glass to 111ustrate the problem, since the environments
j

f surf aces strcngly support the assumption that this involved have similartties to those that may te -p

$3;n pnenomenon is due to cracking of the leacned glass encounter.d with any buried structure, Whileo

j and a consequent increase of thw exposed surface understanding of the mechanisms of ESC in buried
'

pipelines nas evolved following tne advent of sucaarea,
f a tlures, the experimental methods used in arrivin1
at tnat understanding and its reproduction ir

33)p,g ey}QJ " Y * * * * 9'"" " 'E * "
NON-LINEARITIES IN LONO-TERM LE.ACH TESTS ON may te empl yed in c naidering the potency of any

s
NUCLEAR *ASTE CLA5SES, Pedre 9. ML;13 and * ""# " *" ' * 1" * I

8 Andrew C. Duechele. '!1t r e ou s State Laboratory, f*** I* * * *** '#' *
The Catholic University of America' Wasningten. potency cf a particular environment to promote ES.j , , in a particular netal in laooratory testa does net,
"'"'

4

mea a such will occa in an operat m muun
( Long term tests on the duracility cf nuetear '" * * * * " " " """" * "****D'I N "

'? .asta glasses, both under laboratory condition: the ancidence of ESC sn service.
I and in actual buttaa environments, . Nave shown

nat after periods of several months or years 4:15 P R 'V10.9s

the rates of glass corrosten can show unexpected
ne uwumni .f in. L..a renn wn er tanowd ceome et carbu ud

- increases. In turtal tests in crine environ-
;| 7.ents the growth cf the thickness of the surf ace ,g g ,mg %,,%

ayer daring years 3-5 was found to te faster
*han expected on the basis of findings during

{ g .

j the first 2 years. Lab tests under repository- 3y g ,
;

relevant environments have shown the delayed.

i fornation af colloids. Pulsed flow tests indt- MA Tecnmott Hat *C leor." Udorc3Me OX 3 0RA U A-
cate that sadden increases tn leacn rate ray

,

xc ur atter 3-20 months. These findings show g , , , ,, wo,g p , u ,, ,, n ,,wc,, ,, ,,, ,,, ,,
!

that is it important to extend durattlity testa

| to long periods in order to establish a reliable aes tem cono&on benavwr W racoamve .use ccatamn uacer reworv
basts t er predictive modeling of long-term glass in camar me aces eexrmd centec iocamed corrotort '.nien a memnomou
g ,g g; ,

meu nu use:v to anen oma. net wegm in me v.oruem ne aucumem oi *

T|! 610' '
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, ,_e_e _.-r r. e- ,me _. uu
! mum eanorse ter.+en mrera s vamos we time uma the ena of r4 LATTICE BOLTZMAN MODELS FOR COUPLEO HETEROGEN.
L .erreneq we vuont ruu suggests inat tr e uranium tracuonaton EOUS FLOW AND MULTICOMPONENT SORPTION IN PORE
|

ween mirra s s anecwo ty ms n'teranon. wnich snoud to thWere NETWORKS D R Jawn S Chen. W P. Myers, and I. Trisy, i,

mee a mace s a remet uranium migrabon over tong, gooiogic Los Alamos National Laboratory, Los Alamos, NM.j
, s - esca es

Lattice automata modets allow orphcit examination of processes
yyg c

in m ceg be anspon m M
I A MdDELUNG STUDY CF THE EFFECT OF ROCK ALTERATION

U9 #' "* * *
ON THE REDtSTR!BUTION OF URANIUM Tawi Maranmt and surfaces Multicomponent solute transport and diffusion has been

"

/- *ceo kmura. Ja;an Atomic Energy Resea en insutute. Tokai. tea am cow we take Bom apoahs W m d Newer.
h 31911. Japan Stokes equations resuitsng in of5cient. paranel camlations.

,

e Chemical reactons at sohd surfaces including rniswannw.is--

N+ A r*ocemng study was camed out to uncerstand the eMeet of rocx sorptiorvdesorptiorVaite competsbon, can be exammed eth the'

[ aasta: ion on uranium racionucuoe concentracons vi rocks. in the vanity mooel because heterogeneous pore network struchtsev
I of tne Koongarra ore cecosit. AustraNL The oneomensional m hycrodynamic transport, so6ute diffusiori and moeral surface
i c:soersion-sorption mocet conscers two smoortant factors resurung tram processes are an treeted aim we specs annme. De
h me crocess. mecrianism and rate of croonte weathenng, one of the rocs simphcaty and flex 2bihty of the approacti provdes the abrhty to stucy -

aderabors over a mHlion year penod. (a) the change in tirre of the
'

the interrelationship between fluid flow and cfiermcal roectons in
i 1strOutr7n cceHCen!S of uranium and thOnum and (D) that of roCA porous marriais. at a level of compleiuty that has not previously
j :orosor The etstteuton coeHicent and rocx porosay at a grven tee. been computabonauy possible Of particular importance to

3 ret Dressed as average values of those of tne coextsung rnrnera;sij investigations of radionuchde transport in the ormrorrnent is the
opponuruty to examine interacuons and integaban of sudace

M By assuming a Carcy veiocity and an initial concentrabon of uranium in processes as a funcuen of spatal scale and heterogene ty.
me grouncan'er. 0 9 m/y and 0.5 com. respecweiy, simitar to present,'

ay vates we were able to conve trem the hnite element moceiling.
VII.8san.um concentranons in the rocx wnich are in good agreement with.
c: ssot.uticN or UO S) IN MgCl BRINE 5 LDrDEAmeasurea varues The cacutateo values of Th-23GU-234 actmty rauos cod (!TIONS. Ignesi(. Casas.o W ERENT RE W Jader

snow a simnar venc to tnose coserved, a:thougn more expenmental caia Gimenez, Joan de Pablo and M. Elena Torrero.
j? are recessary to conti.an the siminanty. However, in the assence of the Chemical Enginesring Department, Universitat

rocx aderation. tre calcuated resutts did not agree with those ooserved- Po11tecnica Catalunya, 00028 Barcelona, Spain.
j]t The present study suggests that rock a!!erabon should be included in

*

The dissolution of unitradiated UO,( s ) , with a!!* *oceis used to recict uranibm migration over iang. geologic tinescass
particle size of 1 mm, has been studied in MgCl,

, ,;
,

brines at 298 K under both reducing and oxidising
- yyj'gj, conditions.

NLOT AND HH D W ALE URWiUM LYslMETER STUDlLs AT THei 04Kgi'
t-

alDGE Yl! PL ANT Rfm C w. Fmnus. Ona Redge Nananas taimasurt osh Results obtained under reducing Conditions (M

q R dge. T N. L M Lauer. R R Kammnu. Y-12 Piem. Out Ridge. TN atmosphereinthepresenceofapalladiumcatalystf
show an initial increase of the total uranium

r s a ano cimi ue man..m umag iocnamynnw.m> he e heisn eonarwad * * concentration in solution and a subsequent decrease
' un ii .d w e i 12 P:am in m.mogue = rois M u.en usn iU) Mmg and me modual U unti1 equilibrium (of steady state) Values are'

+ emrai.an mt un ne espaw .nen iow seven raa.oacuve womis tLLM is hurma in reached. The whole process takes about three weeks. _,,.
i f' ..norah c rrm res m m load two 4 n d snusw.10 n deep stanuard column
)R irume.m woh come=ue emoucurm treen (wue m =m s. paper win and 'PP4 Results cbteined under oxidising conditions
(M =na.. m m w.e as o m.mma u a rm c.w io s um ine amre 'aaa'' (nominal oxygen paetla1 proesures of 0.05 and I

u.m.a . me t i: .u. atm) show two different trends. A relatively fast
initial dissolution rate which is found to be

wem muca naa ra ne mirmed hetors the tie 6d i,s.nwiers couhn be noeoed ..th tbe first-order dependent on the oxygen partial
a.w _ Pwom nme aneg these comerns we how to e nequateiy charmiarus the waste pressure. After approximately 1-2 weeks, a slower
m ed m e lv u mrim i - Mi n' waste pee lva meteri ano ba* 6o eftwuvey couect in-s"" dissolution rate is obtained.
waccate sampus trum conweed *ameiorme in the armeets of acel ' dos sae snaj se.

<e.ue mat =mmns manwum hogs Oo gel) of LLW **ta a wem curw anw' X-Ray Photoelectron Spectroscopy (KPS) and Scanning
wata.nmg a i rge umamion umcion wnwd tu n.fr.oent io oueraune the muw U Electron Microscopy (SEM), are applied to aegerTain

d L.ains knaa.onai -e mmmi shu wennonai sucuen candim woi.id rwri '" possible enanges on the solid surface.
.o woma m u.mc~w .a i..e ensa.s i n perna i a iSe ua79 rrmum

unm.em saw. n. , a pakes snow the uno .,

VI1.9
in the ma leanmg uuo.es, the higses U o namiestione tapprua. o.2 ms'il m the Ti1E ALTERATION OF L RANINITE TO CLARKETTE. R_ 1 F_rh and'

:runn u w. rwu ounne vie tini anh of neechans tietors ecove biciogwai R. C. Ewing. Department of Geology. Uruversity of New Meuco,
vanmc..ui.on p%exws eaanw ananant naa.ag the tyumeier anois. Aner me ina.ei Albuquerque New Meuco 87131.
me bn ng Le wnsenersaens in the leachase tiasme esty low invg = 0 o;l mg4)
LmNag wata *ameu irem the pdot lea 6 mag nd? revesied U transfer c.wfrKients from
;ne ww cam or me U a..m.nmu .use to the swuan iman w ange ewr.- o e ne hydrothermal (200 400*C) altenuon of uraninite by sikali-beanns
eno 0 N01 k g -1 Data ei thts evne wdl he und in the devskyment of lencatog and g g g ggg
aance moom ano p.m n. an iym of U nmng on wiral aan.

. 9g g3 g g,,
refined, but it is essenually isostructural with Ca(UO2)Cn and Nasus 4
Cukeite can accommodate n. Zr a:xt rare earth element.: (PIE)(13 *t.

f, ".), but concentrauons vary conndersely. depending on locanty. MM
grcent Na equals or exceeds Ca; Pb is highly vanabic but is less ti as

p

b
w
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.
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| y}},]g inn were in the range of 14 34 10 l&li mL1 and showed a tendency to'

"'"C * " h "*'*"d u d ""d uinwat Dec d Uctme of dic !
ss m Ur sots nO% Inis CONT AMIN OT ras ritvuoGL t rtoM A

a uuvil<s bCtwecn corrosion product and ion of trun seems to De dJe to
. r 1 f 3 a w 4sii n)%1 AtNI n 1: t) 2namen P 1. G a w * % W L Lee e differcrkC of diffustod speucs De cuior of the corrosmn product was
, s T. It Pigfort1. b,partarm di N ear i e gertma t u*mt, m Cad >rfo a Jalk green dunng contact with bentorute specimens and became red on
.,e il ei' MCI .rm Laeren , bes ketr v Lafiorawry i ro ve rsit y os C,s|>lut - mpowe to air in a few minutes. Gas bubbles were also obscried in the
,,r..,,, t g y ryi uny sorroton product. Tha suggests hydrogen generanon dunng corrosion

o, tens br the nevauon d Ia.mam* tw9 trif ato a cerie- of the carbon siecl. Thus tr e diffuuun sMcses of corrosion product. un,e w o or s
, , , a s a m. .t .we e m.u.n,r .a ans wn,a r u n for renetrawe or%re.rt ,cems to be in a reduced state, possibly ferTous hydmaide. On the other

I
- an. 2 . .. . . a,e , w e m, m n.e .et, d tu, hush s as 4 < awated hand, the adft.uon species of iron son without buik steel was probably.

. .. . t. n ,mer rne man o. dated be i.w.s = nn r an u : cmc compics This si.egests inat fer ous cc.npies could be adsorbed or..a i ., . s. . . .

. . ;, ..a an ...a4 < anm=+awa m tM tomreramte mio* m tue bentonne 2 or 3 order el magnitude smaHer than icmc one,
r s at r ang' W hd4 g as g e ttl( it V %8 9m v8 L he s'iver ti9* "l4eVf vsn 84}MatK.r1Ij

d m,m,,0 .. . rn 4 a., m m on.r a..a o4 n.e. we ,wu,at, u.e y]gy, r ,

w .1 4av- < .o u a w wu oi w,, a. m u,en e awat, o4
j REDOX REACTIONS IN A MIXED LEER KAOLINITE /SMEC.

, m n.,. a o, nm u., ternned .mt. os t+ 4a aumma and duima
TITE: IMPLICATIONS FOR RADIOACTIVE WASTE DISPOSAL,

2 = .a. , u m,, ., wwu, th. we n o ,,e n, amt vo , .. ..a. v aw rot i.m.. G. Br=0 and A. Decarreau. Uruversiiv of Poitiers, France; and 1 W.I '

I n ,,.,. roe .,o. vn.r.,uure. nr m K and as K ror a,aes Stuciu. Unnersity of Ilhnois, Urbana [lLm.n at
| .or< rat ure of ha b, ti.cre .a a puis, reiesse for holes saiger than 10 pm. foi. owed

I > etgem.s.1, pure Jume reiens, bef aue, the d rection of flow is repre,d auortly
r,,, t, , , t me m,,, ,.a m,t , v.,oca or om, a . wet s m, nr The effect ofironoxidation state of a mixed-layer Kaolirute\Smectne,

- +y., m *. .ee ur,ea n &,ere.-u, ams u4re .s e lvetive wt:le* un its chemical and pnyucal properties were studied. The materla}
d i e = v f u % nd f ru * e es f>*%** lia* re msa. dve* nm orNr untd M was reduced with sodium dithiorute in a buffer solution for dAfferent*

t

s s 9 e r m.~n Nr r ua.ners awd a. W k ( ,,r, is om, h- of as .nw icngths of time at 70'C. The results showed an mercase in thej
m . m m,, 3 , . w, c4 at 9, ,, o a, r.y r w ru er m. b.or. A .thout o.e pw.se g,/ total Fe ratio with time, to a manmum of OA5. However, the

- M6... c u.em .5 i.4.-r er u.* ame w e ma e
. ,, w , reduction of structuraliron apparendy n affected by the presence of

. , .. . u L. , . w - .w mn s % % wn n.m na ..o ra*- Fe oudes in the system. On the utner hand, different phasca withp %r. ,

vartable Fe'' coment were observed in the reduced material
h

*'
3Hence, the Fe ' content measured could have been an average

YII M value, The mass ratio of water to day. m,/m, was determined at
EVALUATION OF Tile RETENTION CAPABILITY OF different values of the sweihng pressure uung a specal inert-

|
T11E DIFFERENT B A 11111 E R S AND Til E I R atmospnere apparatus. The salues of m,/m, decreased with increas-
CONTRIBUTION TO ft E P O S I T O R Y ing Te" at each value of the swelling pressure. Further investigations4-

PEftFORMANCE.N KGJmu,K.A.El Adham.S.R Es kander. rev aled an increase in both laver enarse and cauon fixation with~

N iMahmoud Atorme Energy Authonty. Egypt. inc: :aung Fe'', which is of great interest for using the matenal as
an i ngineered harrier. Electron microscopy and Moubauer spectros-

The work reported is part of a comprehensive research program copy n a funcuon of the oudation uate are currently being per-
meiuding tomparative studies o, We retention capability of the formet in order to follow the structural organization of the matertal
ditierent namers in a simulating disposal environment The
ditTer e nt engmeenng bamers were evaluated on basis of

g g|; ,em nrme e wirg uste. ror access snart in a nwymmimal release of radionuclides tothe envirortment.The aim wasi ,

u study t heir pessible etTiciency for the condnement of e m ntery a :aate... < aara. , .avt= 6 er n. actor a %ciear

raamactae waste to the disposal site and their contnbution to Net :m om.et co. nat-wra. :wan m-n . ;4;.n.

n poutcry performance. The interest is also directed to study the
nemstr> and microstructure of cement based matenals. N rotes er s* arts seahrs in nv etsposet systes are ta

< 7

unime ater riew rnssace ams to retard raotorucude tranacort trra(g
"**c"8'M'"'"**"''

1 i! I he prevnt study incused on tbc retention capability of the " ",*" ' t" t
.

it is mrtet to estinate rrnenactide sisration along tne
n tTere n t w, eal llAL,KFILL matenais and on honzontal and waned svarts rem tne ne.ccint er cengn as perorance assesment

i vrtical radwnuchdes migration in umulating repository or t 4e seatn smen.
andstmns of saturated staue humid environment using single or fnts study preserts tna resutts er senssttwaty analyses en,

! wmbmed components of the nearfield. The aim was to keep ranowei see e ntraton a tee m tnity or access snarts or a

. raawactive waste processing as low as reasonably achaevable by rm"tcr1 to "*"at' erre"8 cr tr' tt'**$s or piva, twooer er

M ''d * *" "C"8' .mproving nonradioactive engineenng barners whtch may lead M Pts st#f. tre ucward *ydraa! c z ,dicat er g*tNnovater rbwi to avoid partially or perhaps totally the processes of m m .% ns .33 4 ra3 4 er trenent rweied toerio-morsutogt
mprovement of waste forms- w i nes n ro a ra n tory wrauu: uvaties or tsackrtM*

e

w. rot w., wrw r nr., ar%ra swi ur< .- .er, also asunno are
L +r an i ., m mr a untue m e,er umn that of host roca.ygg,p

DM$m OF CORROSION pRODLCT OF IRON IN COMP ACTED '*D'*e.suts sm. eat tre etty er t*e r-wsmater witnin tre
, e

BENTONITE. Luna ihmitsu. Hirotaka Furuva and 't aoniro inagai. emw a r-, aa r v w e mm a ,
Mu%hu l_no . n 10-1 Hakolaki. Rgashi-ku, Fukuoka 812. J APAN. ,, , , ,g g 3,; y 37g,.

cout s *a.a ne vrect :r e..arcaton er we rancr:uciades atg-st~e !
C.sNn ueel 6 one of the candidate nserpack matenais for high-levet

.

irates rrw tre ramsn ry t a '. e ewN wrrace arut a factor d e
4aue dnpotat The corrosion rate of cartrn steel is restncted by ihe ai + nn em tre uw errect. %e sealvg sys"m
prewece Ot t'uiiCr mJtenal such as bentonite and seems to be af fected by gs and couts can previde tre
me ,ditruuon of corrouve materials and cortouon products through the
%t ter maiena!

The apprent Mfouuues of corrouon product of iron were measured in
ume rentonne specimens with bulk of caroon steel The apparent
ilf.nnuses of iron ton were also measured without tuik of carDon steel
et companson The apparent diffusivmes of correnon product were in

+c orcer or irri mhs and sho*ed a tendenes te decrease wun increasing
xnun m remonite specimen. There was no signuicant effect of uisca

-

,and on me apparetit diffauvities While the apparent diffuusities et iron'
t

.
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Vil]5 Anaivt. cal Electron u.croscopy ( AEM) has been used to identdy senas A

FUNDAMENT AL STUDY ON THE SOUDtFICAT10N Cf Ca* AND Sr ' W1TH
WO nm in cameW couoidal phases using electron c6ffracten,8

,

energy @sDershre spectroscopy and high resciution bages. Ctay cottoes -

HYDROUS Tl" OXIDE MODIPlED WITH St AND Zr. Y. Inoue. can be NM by the Phon d @ue teatured electron @Mraction I
H Y m t an, a nc R. Erz a, Tohotu University, Sencal. Jap an. patterris. Most of the phases have been found to be crays, usuaily i

) smectites. however other phases are often observed, such as calcate ano :
r uiii . $a

H ydrous Tl" o xid e s rnodified w it h either Si or Zr have
"f

.

larger non-escnange capacity than a simple hydrous Tl" The resu!ts of examining colloids from a number of ditterent waste
o sid e . They are promising for use as s ollottic a tio n glasses reacted under different conditions wtti be presented.
materials of radionuclides in a huge volume of Ilowld Charactert28 ton of phases present in the teachale has shown that both *

.-

precipitated and sostled clay layers may be present in solution
F m astes. smco they have rogh sorption capacity for cations

Concentrating of hazardous esements such as uransum was Uso lound
! and can be transformed = Into staDie s olid forme by heat when (nuosGal particles of the teachate.
[; treatment,

F Work suppor1ed by the U.S. DOE, Office of Envrontnental Restoranon and
Tne purpose of the present study 6s to provide f undamentel Weste Management, under Contract W.31.tC9-ENG 38.
data f or the potentiel use of hydrous SI.Tl onido (the TS
eschanger) and hydrous Zr Tl' oside (the TZ enchanger) g, 'I

i '

as
8

- the solidification rnedia of radioactive Ca* and Sr ' The
EFFECTS OF RADIATION EXPOSURE ON Gt. ASS ALTERATION IN AA sorption capacity for Cs' and Sr'* at various conditions.
STEAM ENVIRONMENT.* E 1 W**wica.1 L M. Wang,2ano the structure and composit6on of the escnangers in inese

ionic forps at h.gh temperature were investigated, t oilo w e d J. K. Bales.1 and B. S. Tans.1 1 Argonne Natonal Laborotory, 970d
oy mea 6tring the teaching rate from cateinec sachangers into South Cass Avenue. Argonne. IL 60439,2Vnnrersity of New Mesten,
a s ter at' room ternperatute. Albuquerque, NM 87131.

,

h Bas'd on (nase results, the TS enchanger was considered to Several glass compositions were reacted in steam at tempera-e

; be superior to the TZ esenanger in tne sorption capactty and tures of 150*C to 200*C Half of the tests utilized actitude-doped
3 'tne tisation capaesilly of Cs* and Sr ' on the eschanger monoisths and were esposed to an external ioruZang gammao

i 'n a tri a , source while the remainder were doped with U and reacted
j without racaton exposure. The glass reacted to form surface

[ Vil,26 precipitaus and an in situ teached surf ace layer witNn the first

[ THE REACTION OF SRL 202 GLASS IN J.13 AND DlW.* weew of 'esung. Adulana. anancime, herscholate,611deJhalhosite.
F W L Ebert,1 K Bates, and E. C. Buck, Argonne National tobermonte, weeksite, and a Ca Si pnase formed'on most

Laboratory, 9700 Soutn Cass Avenue. Argonne, IL 60439. samples. Uranophane was also detected in irradiated tests with
SRL 202 glasses. The sn srtu tayer in the nonirsacsated tests was

G| asses produced from WSRC frit 202 were reactof in iuff composed of nontronite, with an overlying layer of illite that was

groundwater and in OlW in steel and Tofion reaction vesse:s at precipitated from solution. In the irradiated tests, up to three3

SA/V values of 340. 2000. and 20.000 m't. Both the teacnate clay. rich tayers covered a rounceo and someternes fractured gtass
core. iy 35 to 65 days, the remnant glass cores were replacedsolutions and the reacted solids were analy2ed to characterus
by a mv.vo to banded textured Fe- and Si nch core. The'

ine extent of glass reaction. Reaction was similar in steet and
Tetton vesseis. but the reiease of suicon was less in tuff

reaction layer developed at a rate of 2.3 to 32 um/ day for the
nonirracated and irradiated 202 glasses, respectively, indrcating

youndws.ter than in OlW in tests at 340 and 2000 m-1 Tests that layer oeveepment is accelerated by -15X due to radiation
Iat 20.000 m showed highly concentrated solutions to be exposure at high SA/V conditions.

;enerated in all tests which overwhelmed the efferences in the
_

.natial leachant compos.tions. Two effects of Tofton, namely the . work supported by the U.S DOE. Omco of Environmentat Restoration
- permenoihty of Tetton to CO2 and the reiease of hyorofluonc and waste Management, Contract W-31 tC9 ENG48.,

^

I acid from the Tefton. d d not affect the glass reaction. The

,

:atter effect was minimized by performing a rigorous cleaning yg g
j crocedure prior to vessel use. These results indicate that either plt:ToNIUM AND NEPTt: nit |H LEACHING FRoM sIMUMTED HLW glasses

steet or Tellon vesseis can be used to perform static teach tests IN sYWTHETIC INTERSTITIAL CLAYVATER. Lian vang. sCK/CEN Mol.
y for times up to one year and that while the test resuals may ce s ; Pierre von Isenhem, sCE / c EN Mol . 8 i a nd A . Ma e s , EUL .

]' affected oy lae teachant composition at short reaction times, Leuves. s

j tne glass reaction will eventually cominate the solution chemistry.
,

solub1Lity and coltold h,neration of key actinidee during

} dissolution of HLW glasses will define or influence the
source term f or the transport process of the actinides to the

; ork suCDorted Dy the U.S. Department of Energy Ottice of geosphere. The equittbrium concentrations of Plutonius and
Environmental Restoration sad Waste Management under Neptuntum.237 were determined from leaching tests of*

Contract W-3 t.103 ENG 38. staulated HLW glasses (PVG124 f or Pu and sMs27 for Np.237) in
synthetic Interstitial Claywater (stC) at to *C. pH * e. in
inert (N ) atmosphere. The solubility of Puo . thro (as) hass; 5. I I S,/ been measured in the same solution at 2s *c. The reeutte

AMLYnCAL ELECTRON MICACECCFY Shj0Y CF CCt.1.OCS FTG NUCLEAR =ere nen compared wtth the Pu soIubitity ca1culatton by"

WASTE GLASS 1EACTION E & h J. K. Dates. J. C. Cunnane. using published complea stability constante and Puo,.zH 0t
W L Ebert. L Feng. and D. J. Wronnuemcz. Argonne Nation 46 lad. (amp as the solubility controlling phase. The measured Pu
9700 South Cass Avenue. Argonne. IL 60439 4537. sotub11 L t tee of both Pu-dopc1 eless powsler and Puo .Eil o tamia i=

,

I{ were higher than the value Calculated fur $3C solution u sing
There is great interest in the potential rote of coliceds in radionuclide known solubility product of Puoi.xHjo (as). The influtna of
,ransport from h,gn ievel nuclear waste 'opositones, Conoidat particles Humac Acid (KA) on the teaching behavtour of the two

have lhe potential to increase greattw .ne release rate of radionuchdes actinides was investigated by using leaching solutions with
into the environment. Most provcus studies have concentrated on coltoids and without HA and ultrafiltration technique. The results

-

present sn groundwater (pseucocolloids) as the hkely v ector for indicate that HA enhances the total Np-237 hut not Pu release

raccouclide transport, of Ine formaton of real coilocs by the hydrolysis from glass forms and that a large amount of HA. actinide
of actince stements. colloid is generated. The colloid f ormed to -filters ble by

,
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i . i u, Casa fttt in an a ction citar4 pt ampuance may not be impossible to demonstrste. The review also suggest,s
no*cver, that Lbc demonstrauons can be oniv at the "reasonab6e" levels of' - 0% 6t .es u gested by Utaxe et ai M ae

i .,; 6. t eenniue to cecrease tne c alc it.a t i on nsurance nenuoned, but not defined, in the ftgulabons. De final decisions
*eerereture cf %a.%% Aut Compaance are lamely to turn on the reguators' fir,aj decisions about
:n ttis .ar a .e used S craal-Anahsls tecr. ripe

rmonaNeness.
j urward a catetitic effect ,f scae gissa

et erm forser 1:se t;O,,D.03 , md nee
a t e re t es a n t e nices like A1.03, F T= ,0$ .% I A O,,2n0. 9:30 A.M. *YlM

|
'e nest effect .as acriaWed ' t'y wada.r4 pt CONC E PT U A L STRUCTURE OF PE R FOR M A NC E.

N attac ew s iurtr@ seim.r ) . In that case t** ASSES $ MENT 5 CONDUCTED FOR THE W ASTE ISOLATION
v. set secreased free T O NLOT Pt. ANT. J.ge C. Heltos. Artsosa State Uebersity, Tessee,

{
nicaqtwo t m eratare r

i -'o : Ne a::, ant ages cf this process are: AZ; Mel G, Mar 6ella and Rob P. Rechard, Sandla battesal

te ma j a t a w t s a g a na s rie two r n fcre r that r.a s Laboratartes, Athquergine, NM,

'. 7 be e rted anyway in ' Se rien t Irccess step. The w aste Isolanon P. lot Plant (% lPP) in soviheastern New Meaico
- ' e r. is a n Jd t t r ar.41 sodlue fa t t=e final 1 beet Goeloped by the U.S Department of Energy a.s a deposal
tro m tti.e. '. r' e irac hatu l t t y .ill nu am rease, f aci' t y for transuranic wasie. la support of this protect. Sandia

' | }. 4c re :s M r retd es to add the additiseisery simnal Laboramries is conducting an ongoing performance
i r- ir"s i e " ia 1 tien t t. ts flo.wle H + rr.

|
'

assessmeni for the elPP. The ordered triple representation for risk
proposed by K aplan and Garrick is used to provide a clear
conceptual structure for this performance assessment. This'

! SESSION V12: PERFQRM ANCE ASSESSMENT OF p ,,,,, u i ,,, o,,c ,,3,, no, t s, p ,,c,o ,,, ,,,,,,,, t.i,o, p,,, ,d , ,

GEOLOGICAL SYSTEMk uses in the wiPP performance assessment for til tne derinition er
i Dursda MorttM, 06 crnber 3 * c e rs ar sos and the calculation of scenario prsbebilities and

- Salon G 4 M) """""'"#"')*
~ '"'"D*''" ""I'"'#'"" '"d''''"'""

neertainties, t ) cc.istruction of the complementary cumusanneo

h
j

distrit'ution f unctions required in co'nparisons with the U.S
1

Enurenmental Protection Agency's standard for the geologic disposaln
d - AN- , q y* of radioacuve waste 0 e., 40 CFR Pa't 191, Subpart BL and H) the,

Eq APPROAC HL5 TO LONG-TERM i#ETUORM ANCE ASSES 5 MENT U performance of urwertainty and sensmvsty studies. Results octained

OLLP UNDERGROUND 0 SPOSAL OF R ACIO ACTWE W ASTES \
ri a preuminarv performance assessment for the WIPP completed in

j December of IWI are used for illustrauon
f EUROPE AN PE R.5MGL i reur j Sumerung' and Omd Reaa"

,
f *!ntera interrnatan Tecnnomves Hen ev mnJharr.es. LX

3 10:00 A.M. "V12 AN S Aiuns mence and Tet hno.egy, Epsom, a
;

ACCOUNTING FOR UNCERTAINTY IN PERFORMANCE

i The aim of lorg ictm re'lerrnance aswssment is generally to dev eier ASSESSMENTS. PWemr uen E_ExI School of CmiI

'
I , o n inf e n ce Bat the disposal 3, stem wid pertnrm wit han certa.n Engineenng, Purdue University West Laf ayette indiana 47907.
I bour.Js or giv e rise to acceptably lo w impacts or rMs The

periormance assessment procedure must te able to deal w it h The ways in which na' ural systems of, on. or in the Q.ound periorm'

a s ce rui n n, due to hmued er irrempiete unJerstanding ni the demonstrate consideraDie d,fferences between hypothetical models
relevant processes. Wrrf asniv due p v ariaDdit y and hmited and actual performance. All such systems are subiect to complex
sampur.g of the structures and characterisucs of the system and ,nt6rrelat3chships of voids and souds, particle irregutant;es, ambient

,

q",' espeo..!v the geologgal media. L 'icrramily about future condihons ettec*s, diffenng concentrations of fluids and, hence, to varying
and pro (enes Wadmg ta i;bances in ti e d sposat system or atiectmg degrees of randomness (unce'tainty). Various analytical methods

..,

j |'t radionuchde release, transport and exposure pathways nave been offered in tne past to accommodate uncernnties. The
most common procedure is the Monte Cario method. The metnod

l'

qL Ddierent approaches have t'e e n taken la dea!ing w0h wch 'eQuires that the probability distabution functions of all component
, a ncerta mues The d.Iferences can te traced to dif ferences tn national vanaDies De known compietely and "a pt: ort * The procedure se60 cts a

||F reculatorv guidance, ddierences m the f 61e ni the implementor and s.ngte random sample for the assumed probabdity distributions of eacn

ine ru uiator. Ilus p.wr wid difieienu.uc roks os regulator and entenng parameter. These are tnen cometnod deterministically, toj [.,

' 4'
impiememor, and dlustrate Mternatne assessment approaches int provide one reahzation (inal) of the adpendent output. For ait but ai

Jeanne won umenaimv that he at extremes vf the range of posuWe very few random vanables. numerous tnals are required to attain
approacnes tawd on cumples irem Nagra (Swuzerland) and HMIP toseracie leveis of accura:y. For performance assessment of rea
!.;nned k indomi assessment programmes systems, which by their very nature reouire very enany vanacees and'

:o .plete probabihty density functions, Monte Cano simutahons are ofi

j avestionabie value. Even greater douot surrounds this metnodotogy itg co Ay eV C
.

me vanades am concaM;b 15 IT POS$1DLE TO DEMONSTR ATE COMPLI ANCE WITH Tile
REGULA T10NS FOR HIGH. LEVEL. WASTE REPOSITORIES 7 hMa The present paper presents a simpie metnodo6ogy for entract.nq
wn en_ Sand a Nauonal Laboraiones. Albuquerque. NM m3pc ,ntormation for the parameters from laboratory results or.

' rom in s tu rnusurements. It then demonstrates now this informabon
'!| The regulauons that currentiv govern repositones for spent fuel tnd high. can te usa : make predictions of anticipated performance. A

1 l' icven waste require demonstrauor s that are someumes desenned as number of worked exampies are presented to i.lustrate the

,i
.mpossaue to mac To nuae them *di require an understanding at the methode:cgy

1 || 4 current and the future phenomena at repository sites. it will ahn require
aditNe esumates ut the protah hues that the phenomena w di occur in the 10:45 A.M. V12.5ij
datant f uture Esperts m many ficiJs - cann science. stausues, namencal stoDCL \ AUDA DON AND DEC1510N MA AIN6. We E Oh Paut

A em unu.a Nanocal Lawrasones AINqacrque, NM pte.5Aco.noccung. and the law have quesuoned wbether any amount of data
collecuon can allow madeiers to meet these requtrements oth enougn

Rcauns from arouni.bwater (km and transport rr weis are ohen used to make
conthlence to sausty the regulators in rtcent ytars some performance

^' ''"*' ' h' 54i'L' of P"' *""'l * *2'' d'2Poa'l 54''. Conac<ivenilv. ihe
assessments have begun to shed hght on this quesoon. They have used the |"m*luv of these moucis has to tt defended. Tb is usually done by cornpanng2

esuits of acit.al site investigations. ajont with espert cpmion. to m.u6e rouiu from the models to evenmemal daa. whech is thouitht to pewide
prebminarN demonstrauens of compuance. Altrinugh these studies do not endcnce thu the malcts represem reamy, T9cally, thesc c.nerenes consist of

;

settic tr'e queston defintuvely, a review of theit tesuas 54 gest.s that cahbraor:a a model and vuually companng the model reausta to the espenmental,
'

A surycuve concluson acout the vandu, of the modelis mace, unreiatedoata

I
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s. .n, , m...., r . . ,anude mas.n.n a . ei., maa iw we f aa re p~uea the 'N e h""*d*"* U"4" "i
-

j' psp 0 4(f.t uvir,n d (t.nks4Aer 54 lures til.04.(hout Lhe fe rHStke l and an8hs fl*nR L A#
v.r k t..m s f.an #5, u.utta aM d cort tm a tti prog et b.4 eft r''.lia car. ( r ed.on c A numjgj {tg ggcwrg cqgrcqd tagrggf |tr(ininj,ggg (m hggt jg,civptd 43 pgg,

t n,nL ; n.

etws.u.ng re ease r awe remores tei,er oc6a.me of the DMu- cf use prywaoon vf an e ns uunmcru impxt Swcrmni to be prescmco ;o am ,,a., r ues
, .., m, p.m..,s M in gress <d 5 4 and os came and for rea,ame of g ames Fedent EnvironmenW Assessui.;m Review Wii.t rev:cwiog t|c Caa. dan nuc6 eari ,

n,u,r r u. u *,,e. an n ,ded on r we a r aem.a a. % m , as , ca , 7,c ,.m l 1sm e,c en,e et t,m.u i .m. ,4 .v,m..

,w un m . .n, u n . > t n nw .44 ser enmomena s.Temns re caa* 4 e ubi* met Weuchoc reicue frmn uwd fuel and migrauvn of radionucinjes
o ,,. ~.., w a a,e a ,m,u.e,.. iron,,,,ni .,sh.a eia.ied . 6. ra<i. , g, g m,, , , ,g ,, g, 3~.
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KEY LSSLT.S INFLLTENCING THE PERFOfLMAbCE OF ST.ARTI.TLD' ''

| .1H H N CS IN w ASTL PAG AGE AND LSGlht1 RED D API ILR SYSTEM nrgaggg,3, pi. u w 7, a ,, 5, mon J h bey and Charies B Boyie.
y M 11 Odt AM E GSfSSMENT AND Dt-SIGN AMmam E V3!L.la!.L AEA Technology, Harweil Laboratory. UK.

M b M mera 14 . t #s \ cgas. S V. David Stahl. MiGh1W Fucts Ccrp . Las

.' ;u NV N ie HarrtsonGesicr. U S Depanrrcm of F nerg v. Las Vegas. NV In devooping a nauonal strategy for the Osposal of radieset we wastee
I each country wdl consider isciauon opueria that are appropriate ta the tyres*

u ratt vi ihe Yutra Wuniain l'rorct Off.cc s cvatusion of sue sutabildy, of * sste produer t The opuens are deveioped m response to spec 16e1, p,
m wr m i icr atums bei.cen a crigira1: red banner system and ue 5.u: must be n, ,al reguistory requiremen ta a nd therefore will focus on differenti} a m med .bs requaes a wase pactag sengus'ered sys4cm Uc s. g n, a sapena of performaates However there are a number of technical concema, .

|r n r ;wn of cic cn= trunment around the empiatemem tone. a..J muocis usat that are common to all programmea

[ , .iate yt r ame prui.essca .1cx ntwng ucsc cngmceredi nsuras s ys4cm
.wraanes the M W is evawaung camlidac designs. mcludmg a muit ruoust The maior usues concermng the behaviour of the chemical and physical-]
wu darner * me pactage, aM a anft en$iaccment rnoce Des,gn and bemers in the near.6 eld of a radioacuve eset.e reposuary are disrusaed in1,. ! r.

*, emplacemem mouc op ons are ucsmoed h in describing these issues. they have been divided into the
'i follo win g c at e go rie s . b a rrie r design, b e rrie r evoluuen, scie nt:6e

ge " =:15 Dr rs amaurg #sigiu and emptacernent mode ut the currently ava2iable understanding through modelhng. and v ahdauon of performance

.q |
* me rat agc;crg mettru evsiem rcrfiemaxe auctsmcru ci@s developed for ue'

.i i nu i m mu.an na wpp t uw suomtv. envuvon.oual-m.mt, or The near 6eid Larrwre are selected ano deogned to provde appropriatei

| | newng auso.nt more capame cuocs arr twrocd The M10 is unwmg up cadianuchde centamment and control The evoluuan of these bamers.
,g w uNnnin wuemems. and wol evwa.e exisung cows aga.nst Ltuc such as contamer degradauon and ges generauon. affects the subsequent
y eqmr e me nts. Mcsommemiauons will De maoc to narrow w1tste- release of radionuchdes to the human envirr,nment. Modelhng repceitory

wa m.eemeJ svucm caec Jevetupunt to prepare une cwe inai ts fuuy miuuon is therefore an intsgrei feature of performance assesaments and
g], .

a m , n o.a. , Ma a v.e c wauuns uc amco issues such as the treatment of inhomogeneiues. non equihbrium
? chemistry and umescales must be aJdressed However, the use of

| h . man H.shacuve W ae Management Sys c' s. Managemera i Ognuons mathemaucal and computer moceis cames a requirement for vahdeuen
The use of cemenstrauon esperiments and natural analogues buddsM10) Contrmerj con 6dence in the predicuene of repository perform a nce modais and }
pnvides e degves of vahdeuon for otherwise inaccessible umescaies i

2 00 P M . *GQ- ' ;,
j '| 50me important mechanisms and processes in the near-Geld of 14$ p'y' eyg'4

''
t he .wedish H LW repository. RESEARC51 NEIDS IN HLW DISPOS AL PROGRAMME.S ;"3

% Neretruens Heam Paul Scherrer insututc. CH-MM V.ltgen PSL Swit2criand, and'
,

Department of Cherrucal Ecgmeenng Chanes McComtwe Naaonai Coograuve for the Nposa2 of Radioacuve;
,

nos ai lnwrute o( Technoegy w aste. CH 4G) wetungen. S *itzertandp L ,| S Iho 44 Stixaholmi. ._

b b 'd'^ A repository for high. level radioactive waste will not be in operaron in
Switzerland (or elsewhere) before the turn of the next century However.WSTRACT< r estensive invesugauons for disposal in spect6c regions or sites are

I

in the proposed des:gn of the Swedish high4evel waste repository tne synt ongoing and forma! safety analyses have been pertormed in many
feel is contamed in thick walled copgr canisters They are embedded in countnes. Broadly speaxing these analyses snow ine feastbdity of the,

,
a

} compacted tvntonite and emplaced in holes in the txxtcrn of dnfts deep down chosen disposal options. At the present s: age, before a hcensing||
a gratuuc rtwa The riaturally redacing cond2uons in the rock ensures that tne appbcauon. performance as*essments have a fatuer importantd

;orrosion rate of copper is extremely low. It is expected that only a few applicauon: to identify further needs to improve system understanding.
canmers will be damaged. and then by srnall holes. for a very long ume. The and to guide the necessary research acuvmes. Performance assessments
ocades may esca,e out tnrougn the darnage imo the tentonite by d.ffesion art thus indispensule 'cols for focussing in on researcn requirements
The rare of escax e dt be governed by geometncal factors as well as by and disenrrunatin g between necessary and merely desiraete er'

L cnemwat and physical facton. The paper discusses the maan factors which interesung researth projects.
m!1uence the rescase rate and where the rhaior uncertalnues art dee'rrd to be.
They mclude tne presence of a distureed zone around the drift, our Based on experience from the forthcarrung assessment of HLW discesai

the crystalhne of Northem Switzeriand t"KRISTALUN n we
[

andcruanong ut and means to descnde the system of fractures which in

1 - conanu w mer m the ne.ir ficlJ. d.lfusion in the bacKGil and roca and consider in detail the chain of tnodels resuinng from a scenano analysis-
raamivm wmch paiema.ly nught caase a locally ouJiting enstronment to For each model block, such as e g. engmeered barrieri performance.

hydroiogy, and radionuchde transpors, the adequacy in utderstand2ng isac ve mp
addressed and the necessary research needs potnted out. nese neecs

Some special very fle ubic modelhng touis have been developed and are used cover a wide span from the requirement for more rtuabie input numoers
to assess wnere tne maior resistances to the release are. These tools are also (example: nong term corrosiori rate of glass) to a beuer understancing et
ased to elucicate which release pathways and mechanisms are better known important features (caample: cucavanon dama ged Icne; and Key

j and quanu6ed than othert mechanisms (exarnpie; sorpuon).

620
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liif ormation =ill be cresented outitatng procedures for t>e
9 00 A.g, ym development of a r:ew testing protocol for cement solidtfiet
THE ROLE OF OXYGEN Drf fTSION IN T1tE REL EASE OF neste f res. Included will be a discussion of mechanisms ant
TECl!NETIUM f ROM REDUCLNG CDtENTITIOUS WASTE mcroces involved in the eterobtal degradation of cemeat
f ORM5. P w E 'm12. idaho Nauortal Engmeenns Laboratory. P O. Dos materials. Initial testing data will also be presented.
1625.1lano t ads. ID 8HIF2110. and John C. wahon, CNWRA. Soutnwest
Research insiauie. 6:20 Culeera Rd., San Antonio. TX 78:28,0510 10:15 A.M. V14,6'

Cemenunous maiensis provide an idead phemica! ennronment for the
' (10KNIE SUBS'lilU' LEU LTil INGDLS, t e t rimm and Fred

immooibranon of nuc4 ear waste te . higri pH port Husds and large su f ace
P. Glasser. Department of Chemwry, Unsversity of Aberdeen. Mestonr
Walk. Old Atierucen AD9 2VL. Scoijand.

j| | areas for sorpnoni The inciusion of reducing agents.such as t<tast.fumace slits
i BF51 can result in the immchdiunon of runionuclides Oy the formaison of The setung of cement is adversely affected by solubic turaies. To reduce'

! soud sulhde phues. Thermodynamic calculauoos us+ct the MINTEQ interference, the catent to which horste can bc insolubilar.ed has beeni

geochemd computer cute indicate that eiemental saafut present m :he BFS investigated. One specific mechanism of insolubthzation is by inclusion#
4-; reacts wuh the highly mobde TcOi anmn to form msombie Tc 2 W Inauauy- into citringite. Ettnngste is a nonnal and stable consutuent of PortlattdS;p
t the waste form very effecuvely iremooihtes technenum However.as osygen sement. It has an open but nort-rechtsc framework. Dorate can subsutate

|
$ffsses into the waste form, an outer zone of onid.aed concrete and a snrmiurg partially or fully for sulfate.
core of reduced imaet concrete wih deveiop. Ondauon of sulfur in the outer

J
tone re uits m mcreased tecnnetium concentrauons in the rue nuwl because

Formauon conditions. solubility and stabihty of borate enringuts

| Tq$ nuaimsciio ihe mocHe TWi amun The Tsoi smun can o.cu d.ifu (CaAAl2(boa)240H.0)12 261120) are charactensed using XRD. IR.
.

i

3 DTA. DSC and SEM.from the waue form imo the environment'

A mashe<wiiical mmjellhat accounts for diffuison of oavgen inio concrett Durabihty of borate ettringites in a reposttory environmCnt have been

:ounied ph omicanon of sulfur and sulfwe to susfaie hai been oeveiered Tho assessed by caposing to Na-suntate and Necarbonate attack at different
concentrations. Dack subsutution by sutfate is incompicie. t.igh carbonate

4,
,

mouel assumes the esmence of an osidiacd ouier layer of concrete surroundmg
concentrataons can, however,decoinpose borate Cunngue.

a unrmanng core of reducing intact concrete A sharp boundary between the two
tones moves snowy inward resuinag m anidanon of TySw.md subsequent On heat treatment up to 85*C the crystaliste morphology and the OH,* reiene of TcOi us aqueous diffusien in the concrete pore fluids. Tbs mooct mangemm of the structure are altered, but the X ray pattern and hence its
i used to coculate the consequences of osvgen Jiffusion on tne reiene of wtural framewon are not affuted .

.0 wnnenum from a BFS cemenuuous wane forms
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This paper is based on the results of an on the way RSD

i
; Project about alkall acuvated cement system at MRL Re Concrete is a major component in rr.any low level waste disposal
; objecuve of this research is to establish the potenual for renhues (LLWL Tb un or conente is widupread because of its
r ,

large use fly ash and slag as main components of the pny,, cal and structura6 properues and also to proude geochemical control
cement system. Alkalt acuvated fly ash slag cement on maul and radmnuchde releases Organic compounds are often

i ;

(AAFSC) was studied as a matrix for tmmobilization of codiap.3,4 .ith radionuchdes in LLW disposal facihties. Interecuens
] nuclear wastes AAFSC is characterued by high earty between radionuchdes and chelaung egocta must be evaluated to enumsta,

:t .

strength, high ultimate strength, low porosity. lower the monihty ot radionuchden in concrete vaults.

solubtlides of the hydrates and high resistance toj . Citrate and ethylenedisminetatras eue acid f EDTA) are common
,

chemical corroston as well as the freezing and heaung.
L '*# '

All these advanced properues are particularly favorable to organie componenta in mined weste saiuuens in LLW facilitaea.,*
Radionuchdes such as Co. Sr, Ni Am and UO naet with citrate andi

. the immobilization trie nuclear wastes. EDTA te fem etaht* e e!e t ed 4 eMic h<le complenes. Eauthbnum
spenauen miculauons are used to determine the response or these,

in the expertments. 92 87% raw materials are (!y ash "" * * " L" '"" h D " "' "h"' """"* l* " 0 * "3 8 -e

L and slag. cement or Ilme is 510% used as stabiltzer, the
;. alkalt is 3% (Dy R20) used as acuvator. ne result is # """ '"I*"*"''"'**" * * ' ' ' * " " " * "
' nromising. For immobilizauon of nuclear wastes. AAFSC cheleted m\ *"*"*" "'dwater (pH=7), but are destaoihned in thenatural groun*

is better titan ordinary Portland cement, liardened highly allialme toll >13) conente pore Guida Most of the radionuchdes
AAFSC paste has good performances. AAFSC based compined by EDTA are replaced by Ca ' m the concrete pon duids.2

nuclear waste forms exhibit lower testum leachability. Calcium also replaces nuchdes m the citrate comples. Iri addition, the
especially in the case of higher temperture. carau nuchde compies reacta to form uncompiesed citrate in concrete

pore Guids. Performance of conente LLW disposal recilibes should not
be compromised by small amounta of chetating agenta endis .ud with900 A.M. ?V14,5 " d """' U d "

MICROBIAL DEGRADATION CF ([M(Ni 10t!DIFIED LCCLEVEL
j. RADICACilV( ' EAST [ FORMS, Robert D. Rogers. Meltrda A.

10:45 A.M. V14,8
H4Mllton. And John m. McConnell. Idaho National (rgineering

THE RMIAil0M STABILITY Or CROU10 GRMLATED BLASTFURMACEtaboratory, idaho falls, ID 83415 2203.
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Researchers f amiliar with the NRC Technical Position on W4ste
Aml1TURE. Mn 0 Palmer & Graham A Fairhall, British'

|| Form biodegradetton tests have found them unapolicable f or use Nuclear fuels plc, Sellafield, Seascale. Cumbria, UL
4

with cement solidtfied LLW. Concerns over the tests included
lack of demonstrable evidence that microorganisms rewired bv o< e ais u ieiveu ... esteneinte vue la one semeat ** uae i rue t i sa

,

i ae.o , o u to eit, tu e,e.eestee et seuis eas nanon. 'u
the standard tests promote degradation of cement waste forms

eenaiene se weias ee.ietwru un tanwee isocene omt 'twie' e r .ee tae
|

under any test conditions. ei ece.eae noe , n i e, eu ea ia nisiae tien to seseeasete <** e u nan
! -

'! The NRC's Advisory Camrtittee on % clear Waste has raised t e catwee nuet tea ; er i ns ene es ee t t i e r < * erusesteee snilas.' '

| concerns about blodegradation testing of itW. They reccmmend w e** ereu<t iu na un u es beaetit la tu %our %o r y eu r e

c uea ,,e,,te e,e en se io ii s se emeteess o u no tes.that blodegradation testing f or ce*entiticus .aste matrices
,, use bacterta that are likely to affect coment as well as the

,

! organic component of the waste.
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