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CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES

TRIP REPORT

SUBJECT: Materials Research Society Annual Meeting - Symposium on the

Scientific Basis for Nuclear Waste Management XVI
DATE/PLACE: November 30-December 4, 1992; Boston, MA
AUTHOR: David R. Turner
PERSONS PRESENT: CNWRA NRC

Ross Bagizoglou Charles Interrante

Berge Gureghian Michael McNeil

Bret Leslie Tae Ahn

William Murphy

Prasad Nair

Roberto Pabalan

Narasi Sridhar

David Tumer

BACKGROUND: This is the sixteenth in a series of symposia conducted by the Matenals
Research Society on nuclear waste management. The technical topics covered at the meeting
are broad in scope, including papers in performance assessment, spent fuel, microbiologically
influenced corrosion, glass and crystalline waste forms, radionuclide chemistry and transport,
engincered 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 Murphy 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. Muller, and T. Dietrich. 'Experimental study of uranium (+6)
sorption on the zeolite mineral clinoptilolite.’
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D. Tumer, T. Griffin, and T. Dietrich. "Radionuclide sorption modeling using the MINTEQA?2
speciation code.’

B. leslie, J. Prikryl, and E. Pearcy. 'Oxidative alteration of uraninite at Pefia Blanca,
Chihuahua, Mexico: Possible contaminant transport and source term constraints for the proposed
repository at Yucca Mountain, Nevada.'

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

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

A. Baguzoglou, 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).

IMPRESSIONS/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 tor
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 bdackfill in
hydrologically saturated, reducing environments), it cannot be applied directly to the Yucca
Mountain site, Nevertheless, understanding gained from these studies and the refining of
laboratory and field techniques, can be applied to the U.S. HLLW disposal program. New data
on radionuclide behavior and the properties of different elements of the Yucca Mountain system
were presented by a wumber 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 10 be developed and refined, and hold promise for application in the
Yucca Mountain 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 symposiurm 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 Mexico suggested in a keynote address that work being performed by



CNWRA at the Pefla 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.

PENDING 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.

RECOMMENDATIONS: 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. [n addition, CNWRA staff will continue to
benefit from exposure to HLW programs in other countries and through interaction with
participants from other organizations.

PROBLEMS ENCOUNTERED: None.

REFERENCES: None. See attachments for symposium agenda and abstracts,
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ATTACHMENT A

ABSTRACTS BY CNWRA TECHNICAL STAFF



EXPERIMENTAL STUDY OF URANIUM(6+) SORPTION
ON THE ZEOLITE MINERAL CLINOPTILOLIT]







REVIEW SUMMARY




EFFECTS OF SOME COMMON GEOLOGICAL FEATURES ON 2-D
VARIADLY SATURATED FLOW. A.C. Daguzoglou; R. Ababou: and

. Sgeer Center for Nuciear Waste Regulatory Anaiyses, Southwest Research
laes e San Antonio, Texas.

This paper piscnts results of unsaturated flow simulations undertaken-as an
quxilla~y analysis for the ltcrative Merformance Asscssment (IPA) Project. The
effocts on [low of common geological [catures. such as nonhorizontal
suratlficzion and vertical or near verucai fault zones intersccung the srata, in
1 2-D or "thin slice” domain are studicd. The problcms inherent in specifying
‘nitial and boundary conditions that are consisient with observed infiltration
rates and/or measurcd hydrogeclogic properucs are discussed. A method for
Jevcloping consistent inidal and boundary conditions [or more compiex
nroblems is applied. This method depends o= steady staie solutions of simpler
low problems which are assumed as init  .onditions for the more complex
geometry low conditions.

The results indicate that the presence of layers and crosscutung fault zoncs icnd
0 induce 3-N unswable flows in the unsaturaicd zone. The instability is
snaifested In our simulatioas by an oscillatory behavior of stcady state,.that is,
at large umes the solution fluctuaics and does not tend Lo converge L0 2 singic
value. This was a preliminary study, with cmphasis giv=n on process modeling
rather than predictive modeting. Future work wiil involve a fuily 3-D study
\hat will include, as far as possible, Ui knowa properues of the Yucca
Mountain site.
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SYMPOSIUM ABSTRACTS
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SYMPOSIUM V:

SCIENTIFIC BASIS FOR
NUCLEAR WASTE MANAGEMENT XVI

November M - December 4, 1992

Chairs
Charles G. Interrante Roberto T. Pabalan
U.S. Nuclear Regulatory Commission CNWRA
OWEN, MS 4H3 Southwest Research Institute
Washington, DC 20555 6220 Culebra Road, Bldg. 168
(301) 504-1552 San Antonio, TX 78228-0510

(512) 522-5304

Symposium Support

U.S. Department of Energy
U.S. Nuclear Regulatory Commission
Southwest Research Institute
AECL Research, Whiteshell Laboratones

Proceedings published as Volume 294
of the Materials Research Society

Symposium Proceedings Series.
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ELBCTROCHRMICAL STUCIRS OF CORROSION OF SIWFURL: SINULATRD
USED CANDU PUBL. 5, Sunder, O. V. Shossmith and N.B. niller
Yhiteshell Laborstories, ARCL Resesarch, Finava, Manitobe,

Canade RUR 1D

The corrosion of SINFURL, sisulated high-burnup CaNDU fuel,
I3 being investigated using elecirochesical techniques and
I-tay photoeiectiron spactroscopy These studien are bdeing
ngucted to determine the effects of the flassion products

' used nuclear fuel on it oridation and dissclution
Klectrodes vere fabricated from SINFURBL pellets with
oapositions close to that of & natural U0, fuel irradiated
o ) and 6 at. X burnups. The SINPURL electrodes shoved
higher conductivity and electrochemical reactivity than pure
JO, eiectirodes A comparison of the open-circultl corrosion
potentialy of the SIKPURL electrodes vith that of a pure U0,
electirode In oxygenated sclutions shoved s such faster
increase in the potential for the SINPURL electrodes at
short times This suggests that the initial stages of U0,
xidation

’ 0, « YO, « U

*y ivs 1.1
y
/

are facilitared by fission product imspurities in the WO,

Bat el
145 PM. V3D

MEASUREKENTS OF GRAIN-BOUNDARY INVENTORIKS OF +77Cs, '"%5¢
AND **Tc IN USED CANDU PURL 5. Sirgea-Casceyns. J-C. Tait,
R.J Porth, J. MeConnell and §. VWatasom, ABCL Research,

Vhiteshell Laboratories, Pinavae, Manitobs, Canada, ROR LD

The safety assesseent of the geological disposal of used
ANDU  (CANada Deuterius Uranius) fuel requires (nforsation
a ' rha #a% an¢ gratn.raypdpry invaniarinsg |
tadionuclides Iin used fuel Measured gap inventories,
combined vith a (lssion gas-release code, have been used to
estisate grain-boundary inventories for a nusbder of
radionuclides This paper attasptis to valldate thaese
estisates experimentally using tvo technlques. The tirst
technique leached used fuels that vere partially oxidized 'z
expose graln boundaries, Only s fraction of the ~alculated
grai~-boundary inventocies for '?'Cs was released,
ndicating that the calculations say overestisate
nvantories or that prior oxidation of the fuel either does
not expose all grain boundaries, or renders Ca at grain-
toundaries less scluble. Rulesse of *°Sr and *'"Tc agreed
reasonably well vith the estimates for these radionyclides
vhich are, hovever, based on lisited data and conservative
Aassusptions A second technigue leached non-oxidized but
rushed and slze-fractionated used fuel In a f(lov-through
system, o svold any artifacts introduced by f(ual oxidation
¢ solutlon precipitation processes. Frellsinary resultis
ftor a lov-pover fuel Indicated a gap + grain-doundary
inventory for ‘''Cs of 5.2, In ressonable agreement vith a
alculated inventory of 4.72

200 P M. Y34

EFFECTS OF AIR OXIDATION ON THE DISSOLUTION RATE OF LWR
yPENT FUEL. W ), Qray, L. E. Thomas and R. £. Einziger
‘actific Northwest Laboratery, Richland, WA

he long-ierm rate of release of soluble radionuc!ides from
pent fuel in 4 geologic repository will be partially
ntrolled by the dissolution rate of the UQ, fue)l matrix
actors that could affect the cissoluttion rale, such as atr
xidation of the fuel, must de evaluated when assessing
spent fuel performance under repository conditions

1ght water-reactor (LNR) spent fuels have Deen shown to
JETdize along Lthe grain boundaries, converting the U0,
irains to oxygen-supersaturated U0, This oxidation state

nay persist for long times at the temperatures of interest
for a repository. The oxidized fuel could dissolve at a
faster rate than unoxidized fuel, eithar due to an increased
nemical reaction rate or dus to cracking along grain
ooundartes, resuiling in increased surface area

Ulssoiution tests conducted on oxidized and unoxidized fuql
grains, using a flowthrough test method, have indicited that
the chemical reaction rate s insensitive to the fuel's
oxidation state, at least ynder one set of repository-
relevant water chemistry conditions. Additional tests are
noprogress to relate the oxtdation-induced change in effec.
Live surface area of the fuel Lo the dissolution behavior
Results of the dissolution testing as weil as micro-
structural characterization of the cxidized and unoxidized
ipent fuel specimens will be presented at the seeling

2ZISPM. Y38

PHOTOTHERMAL DEFLECTION SPECTROSCOPY
NVESTIGATIONS OF URANIUM ELECTROCHEMISTRY
dames D Rudoigky and Richard E Russo, Lawrence Berkeley
Laboratory, Berkeley, CA

Photwthermal Deflecuon Spectroscopy (PDS) has been applied 10 aranium
oxide electrochemisiry POS techmque allows the concensration
gradients near ihe electirode swrface and the opucal absorpuon spectrum of
the surtace (0 be measured imulancousiy These measurcments ars
performed i suw under dynamic conditions. The concentration gradients
are direcily related 10 the flux of species 10 and from the sample surface
The nzaswement of the concentauon gradients dewects the dissolution of
ipecies (rom (ke uranium oude sampie. The opucal specurum of the
sample surface ads in the idennfication of the oxidation state of the
surface. The literature has shown that the oputal absarpuon of uranium
oxiues in the near UV changes suongly as the wanium 4 oxidized from
/07 10 higher oxides. The measurement of this absarpuon can discern
Detween anodic processes that result in oxide films and processes that
result in dissolution.  The combinanon of these two measisrements
PROVIUES (RSIE 10 oo oAl - mechan. s Of grenivin oxes.

This work was supponed by the Yucca Mountam Sie Characien sation
Prugect, US DOE-AECL., inemauonai Program

LWPM. Yis

THE IMPORTANCE OF CRITICALITY IN THE SAFETY ANALYSIS
OF THE SPENT FUEL WASTE CONTAINER, William (3. Culbreth.
and  Paige Ziehinsks, Department of Civil and Environmental
Engineenng, University of Nevada, Las Vegas, NV

The storage of high-level spent reactor fusl in Jw proposed natonal
geologic repository will regquire the construcuon of conlaners W be
placed in boreholes dniled into the host rock. Current legisiation
requires Lhat the fuel be maintained subcnucal. Thas 8 determuned
through the calculation of a neutron multiplcation factox, ke, thal must
remaun below 0.95 in any (oreseeable sitwation. Critcality will play an
imporant role 6 e chowe of contuner matenal, the intemal
configuraton of the fuel, and the seiscuon of neutron powsons. An
analyus of kg should be a normal step in the conceptumlizauon of new
wasie contuner designi. Unhike thermal effects i a proposed
repository, crntcality will remain a prodblem long after the 10,000 vear
feime of the facility

in s stedy, nuciear cnucalilty has been determined for the proposed
spent fuel contuner for vanous situations (hat include varying fuel
ennchment and partial air gap Nooding. Results wall be presented ©
demonsiraie the nnpact of these vanables on (he design of a safe spent
uet contamer

245 P M. V3T

EINETICALLY CONTROLLED DISSOLUTION OF UO.i{s) UNDER
JXTDIZING CONDITIONS. A COMBINED DISSOLUTION-
OXIDATION MODEL. Ignasi Casas, Javier Giménez, Joan
de Pabl Viceng Marti and M. Elena Torrero,
Chemical Engineering Department, Universitat
Politecnica Catalunya, 08028 Barcelcna. Spain.

"% release of uraniur from three samples of UQ (s)
wiih different particle sizes (100-300 pm, 900-1100
um, pellet) has deen studied as a fun.ticn of time.
in ail cases, the same pH, tonic medium,
Lemperature and oxygen partial pressure were used.
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ANALYSES QF CORROSION PROOUCTS
THE SURFACE OF AUSTENITIC

AND DEPOSIT N
LIOYS EXPOSED TO FRESH

WATER. A M. Brannenstunl. Ontarlio Hydro Research,
800 Kipling Avenue, Toronto, Ontario, Canada,
MBI 554 R.D. Davidson Surface Science
Laboratory, niversity of Westarn Ontario,
London ntario, ranada, N6A 5B7 and T+8.
endoon, Chalk River Laboratories, Chalk River
Jntarcrio anasda, kKQJ IJO

‘orrosion product and deposit analyses are a
necessary part of corrosion aechanise
jetermination. when corrosion has resulted in an
environaent in which microbiological factors have
nad an .mportant role such characterization
takes On an even greater lamportance. This 1i»
vecause the chemistry of the natural environaeant
I8 generally difficult to define.

Bulk analysis technigues such as IC ‘CP-MS
fRD will yield elemental and chemic
from deposits Microprobs techniques which
\nclude SEM/EDS (PS and SIMS are better suited
for extracting elemental and cheamical information
from corrosion products. This paper discusses
the appiication of these techniques and how they
an help in mechanism elucidation.

and
i information
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EFFECTS OF MICROORGANISMS GROWTH ON THE LONG
TERM STABILITY OF CEMENT AND BITUMEN - MF Libert
Nuciear Research Center of Cadarache, 11108 St Paul Lex Durance
‘edex. FRANCE, R Sellier, O Jouguet, M. Trescinaku and H Spor

T RY W A “ LA u M'_‘ '3 5 i i L LS ) { “ax
engineered harrier { wastes reposilonies situaled i geologicai

fgrmalions

The effet of mineral acids excreted by bacteria | Dhugbacillus) or

FRANIC acius produced by fungl, on the hiodegradation of three Kinds
i ement s T ganic quantiiatively and
qualilatively delesmined during growih of fungi over a fwo vear penod

Adaerotne conds

JIsIussed Wids  are

HONs promote (he arganc acid production Even with

high o cangiions, pH of the cement = ErOWIn Ol MICroorganams

Ly

Bunlelerioration of cement i expressed n termy of bioleacr.ng velocity
{ calcium and modifications of phvsicel properties

Bumen o cummonly used as @ maltri fgr the long lerm Mordge
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40P M XZ$§
CHARACTERIZATION OF
STAINLESS STEEL
STUDIES, A.J
of Tennesses,

«SE88Y .

ONg lerm odegrabiiny of dlumen 15 Jacussed iy

i unclion Jhemcal

composion  and ol varnous studsed

SPUTTER-DEPOSITED
ULTRATHIN FILMS FOR USE
Fedraza, M.J. Godbole, University
Knoxville, TN and P. Sucl anda g,
Montana State University, Bozeasan, MT.

J16L-
IN MIC

Thin files ranging in thickness fros é-12 n»
wvere deposited on gersanium internal reflectliasr
elements but sputter deposition. The cheeical
composition of the filme differed by no sore
than 10% of the bulk stainless steel target.
Filme 6-12 nm in thickness were found to be
continuous and contalned amorphous and Dbase
ceanter cubic (BCC) phases. A face centered cubic
FCC austenitic) phase could be produced aftar
neating to 87) K but this produced eruptions and
depressions in the film. Corrosion rates of
films composed of aporphous and BCC phases ware
similar to that of the bulk satsrial although
the passivating current was higher for thin
films than the bulk material. Filles exposed to
flowing sterile bacterial culturs sedium wvere
staple for at least 1000 h as wvere films chal-
lenged with a conscortium of bacteria when asvalu~
ated by attenuatad total reflectance Fourler
transform infrared spectroscopy. The resuits
suggest that thin films of stainless steel say
be used in conjunction with infrared spectrosco-
PY to avaluate corrosion reactions prosoted by

vacterial bicflilms.
’
445 PM. V7
MICRODIAL INFLUENCE N ENVIRONMENTAL CRACKING OF
HIGH STRENGTH STEELS. Tim rord and Ralph Muchell, Marvard
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ENHANCEMENT OF THE GLASS CORROSION IN THE PRESENCE OF CLaAy
MINERALS TESTING EXPERIMENTAL RESULTS WITH AN INTEGRATYH!
LASS DISSOLUTION MODEL Easn LCartl. Paul Schesrer insuiut Villigen
PSI Swineriand Nicoke Godoe and Flenoe Yersar CEN VALRHORP
W20 Bagnols s < 22e Cooea Framce

ABSTRALT

Recent guass WRALION €4 PREIMCNIS. *#Mch DOMSIUcaE LIaSs FxXJens wur
A hed 3 R0 Wil vaOOous oR Y ORMEn MMenas. Indcale remarkably [asier lan
orrosin @ U presence of Cly comparcd © RS wilh Jlass alone of Wil Other
oacklill maenal Thu ellect contiaes wih e Clay conlend o e okl el was
Minbaied 0 the removel of nlca from soluuon Sorpuon | of dussoluLon Wit repre
AP OF B e tah ClaY . Wt (roposed &3 DOSSIDIE mer RanGem (o U SUKa con
UM

The romeits OF SOME 220NN have DOOn oy SRS & glass dussniyuon mouce!
which @ widcly used RnCUC cyuauon (OF glass COmosIon i coumed #ith delTumve mixa
Ao UOUED B BME DOrom Y (nem |y Exbing madisen. Because Ve v eous
GONL UM POSES §UASS COMTURAN e, which We nversely Droporuonal W e ubcx eod
CORCENVRLGON 1N N I0a NN ConL ung O RIEss e moded (eedicls an sniwncemen of
I COMORION L INCUEE when 51ca 13 bt by e Sordus medsuen

he capermenisl daia proved W OC leily conswient with the prode wd czionsbon of
e glass dusolsuon Moreover (e model <umased disnbuuoe sl lioens (or uua
sorpuon (K Y (al] withun yw ange of valucs crvaciod (rom avaiabie lierawre daa
S ppOrung di et Vil Uk cosevon Nigh COnmusion el e due W srpuon
of wlka on e cay mnersl surisces
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DISSOLUTION QOF R7T7Y GuAS
“ONDITIONS . INFLUENCE OF S
THE LEACHED LAYER
Vairna/SCO/SOMC, BP17. 30205

N STATIC AND FLOWING
FFUSION MECHANISM IN

> CEA-CEN
Bagnols sur Céze Cedex

IS

France: F. Larcheé. University o Montpellier 1l, GDPC, F34080
Maontpellier France ang E Jernaz CEA-CEN
Vairng/SCO/SOMC. BP171, 30205 Bagnois sur Céze Cedex
France

Leach 1ests of the R7TTT nuclear wasie giass n Gistilled water. are
conauciad at 50 ang 90°C. under slalic ang siow howing
sonditions, with a glass-surtace-area-10-soluuon-volume of 0.5
em ' A computer mogel for giass aissoiution (LIXIVER) is useda 10
nterprat the cala

The mechanislic mode! 1s based on the combination of the frs!
orger law governing surtace reactions. the equaton of sdicon
Mass rANSPON In the intersttial saiution of the atteration film, and
an empincal law of paniai siicon ratention in the aneration layer
The LIXIVER model satisfactonly accounts for the expenmenta

asults The imponance of Si ditlusion mechansm, in the ieaches
ayer s siressed Sihicon apparent aiffusion cosetficient are
pointed out - 0S; values are ranged between 10°16 ang 10°'4

A<13

me/s at 50°C, and between 10*'4 ang 10 me/s at 90°C

1S AM V94
EFFECTS OF MgQ ON SHORT AND LONG TERM STABILITIES IN
WATER OF R7TT AND MT NUTLEAR WASTE CLASSES

Advocal, CEACEN/VALRMO Marcoule 8M71 30207 Bagnols/ Cla
France. £ VYernaz (idem L. Croviswe COSONRS, | rue Biessig . o700

trasbourg-France. | Dussossoy. CEACEN-VALRHO

Magnesium oude was added the standard R™TT and M7 glams
MPosiBons dovoloped for comtainment of HSION Progduct sOHons M7
flers trom the R relerence Rass mainiy by 3 larger pr poriaon ol

etwork modifier elements and 3 correspondingly lower proportion Ot
£ia8s network forming slements The pereentage of 138000 products
simulated 0 this sudy by mactive slemenis, was the same i Doth cases

ncreasing the MgO content of (he glass compositions by 2 10 3 wi'%
resuited in gncant varianons in 1he aquoous iEaching rosisiance at =
and 100°C
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"he purposs ¢l the present sludy '8 10
a8 he poleniial use of hyorous S
schanger) and nysrous Zr-T1'" pxide (ihe
he soligilicaiion media of tadioactive Cs* ang Sr*'.  The
sorption capacity for Cs" ang 5" al various conaitiens
ang it ture and composition of the xChangers in inese

Jtamg Al hgh lemperalure were investigaied owed
meadyring ihe ching rate from caicinea exch
milemperaiure
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N OF SRL 202 GLASS IN J-13 AND Diw.*
Bates, and E C Buck, Argonne Nationai

Cass Avenue. Argonne 60429

"

ratoey, 9700 South

om WSRC frit 202 were reactel in
n OIW in steel and Tellon reaction vessels al
values of 340, 2000, and 20.000 m Both the eachals
g he reacted splds were analyzed 10 charactenie
7lass reacton  Reacuon was simiar in steel and
Tetlon vesse's byl the release of silicon was less in tut!

man n DIW in tests at 340 ang 2000 m"!

showeg highly concentraled sowlions 10 be
1ests which overwheimed the dilferences in the
compasiions. Two sftects of Teflon, namaly the
Tation 10 CO2 and the reiease of hyarotivornc

witt

a

s$€s proguced
youngdwatler and
AN

tons an

@ exient O

gwute n Tasls

it 20,000 m

jenerated " a
mhal leachant
permaadiity of

4 trom the Tellon gid not atlect the giass reaction. The
iler aliect was minimized Dy performing a ngorous cleaning
codure o 5 vessal use These results indicate that either
tael or Tallon vasseis can De used 10 perform slalc leach tests
umes up 10 one year and that while 1he lest resuils may e
lecisd Dy the lsachant composition at short reaction imes
# glass reaction will eventually gominate the sciution ghemisiry

Nork Suppor

the U.S. Deparimant ¢! Energy, Office of
wironmantal Restorauon 5"g Waste Manave"‘ef" Jynager
ract w 3 ENG-38

ViLeT

WAL YTICAL ELEC TRON MICROSCOPY STUDY OF COLLOIDS FROM NUCLEAR
NASTE GLASS "EACTION E_C. Buck J K. Bates. . C. Cunnane
Ehart X Fong and O J Wronkiewicx. Argonne Natonal Lad
h Cass Avenue, Argonne, I 60439-4337

W~ L
3700 Sout
“hegre 13
anspen
ave Ihe polentigl 1©
MO0 !he ’a\v_,»)r\"hdr\i

sresent grov
agonucide llanspan
I acunice wamanis

1@l interest 0 the potantial ‘e of
from MQh lavel NUCear wasie ‘aposdoNes solloigal particies
nerease grealiv e rslease rale of ragonuciges
Mos! Dreavious siudies Nave CoONCeniraled on colods
Adwaler (pssudocoliods) as 1he likaely vecCior
or ne formaton of redl colloias Dy the Nydrdiysis

coliowds N raconuchde

fort

Anglytical Eleciron Mcroscopy (AEM; has been used 10 identity smaz
<100 nm 0 glameler) colloKIal phases using elsciron odiraclon
#001gy JISDRTSive SPECIDSCOpY 8nd high resolution images. Cilay coliciy
an be oenlified by 1he proguction of obivue Wriured slectron Jiffracuoen

paterns Mos! o! the phases have been found 10 De Clays, uSulily
imechas Nowever other phases a'e ofien SLServed. such a8 cakcile ang
iile

The resulls of sxamining colioids bom a number of different wasis
glasses reacied under diflerent conditions will be presenieg
Sharacienzation of phases present in (he wachale has shown 1ha!l ton
precipialed and spalled ciay layers may De pressnt in solylen
Lonceniiaiing ol hazardous eWMenis such as uranium was &iso loung
~uhin oodoial caricies o he Wacnale

Nom supponed by the US DOE, Olfice of Enveonmantal Resioraiion ang
wasle Management under Contract W. 31 108-ENG-38

V1iL28

EFFECTS OF RADIATION EXPOSURE ON GLASS ALTERATION IN A
TEAM ENVIRONMENT * 0 . Wiankiswicz,! L M. Wang 2
¥ Bales.' a0 B8 5 Tan' "argonne Nationai Labormtory, 9700

soulh Cass Avenue. Argonne L 80419 SUnwversity of New Mexico
Albuquerque, NM 87131

.

Several glass compositions were reacted in steam &l tempera-
ures of 150°C 10 200°C. ™all of the tests uiilized actinide-doped
monoiths and were exposed 10 an exiernal ionzing gamma
source while the ramainder were doped with U and reacted
~ihout radiation exposure.  The glass reacied o lorm surtace
precipital is and an in sity leached surtace layer within the first
~eek Of ‘gsung. Adulana. anaicme. herscheits, dite, philkipsie,
lobermonie, weeksie, and a Ca-Si pnase larmed on most
sampies Uranophane was aliso detected in radialed tests with
SAL 202 glasses The m sty layer in the nonIadialed lests was
camposed of nontronite, with an overiying layer of e thai was
precipialed from solution.  In the wradiated lests, up 1o three

slay-reh layers covered a raunced and sometimes fractured glass
-ore 35 to 65 days, the remnant glass cores were replaced
Ly @ mreva 10 banded texiured Fe- and Si-nch core. The
pacuon layer developed at a rate of 2.3 10 32 um/day for the
wnirradiated and rradiated 202 glasses, raspectively, indicaung
thal layer aevelopment (s acceleraied by ~15X due to radiation
exposure at high SA/V conditions

“Wom supponted by the U S DOE. Olice of Envienmental Resoraton
and Wasle Managemaeni, Contact W.31-109-ENG-J4..

V1129
PLUTONIUM AND NEPTUNIUM
IN SYNTHETIC INTERSTIT

LEACHING FROM SIMULATED HLW
AL CLAYWATER

GLASSES
Lian ¥ang, SCK/CEN, Mol.

B . Pisize Yaoc lasabsl, SCK/CEN, Mol, B and A. Haes, KUL

Leuves, 8

olubtliity and Lloid psneration of key sctinldes during
tssoiution of HLW glasees will define or influence the

source term for the transport process of the actinides to the

geocaphere The equillbrius concentrations of Plutonium and

N

Neptunium-213 were determined from leaching ‘tests of
simulated HLW glesses (PWGLZA for Pu and SMI27 for Np-237) in
synthetic Interscitial Clayvater (SIC) st 90 °C, pH = §, in
(ATt (My) atmosphece The solubility of Puly. gl 0 (am) has
een messured An the same solution et 215 *C T™he results
vete “en compared with the Pu soiublliity calculation DY
uting publlished complex stability constants and Pu0, xH,0
am) as the solubility contrelling phase T™he measuced Pu
solubilities of beth Pu-dope: glaes powder and Pul,. zil,0 (am
wvare higher than the vaiue calculated fur $iC salution aing
cnown solubility product of Puly.xH,0 (sm), The influen. s of
Humic Acid HA i the Lledching Deheviour of the twe
sctinides wae investigsted by using leaching solutions with
and without HA and ultrefiitration technique The resultiy
indicate that HA enhances the totsl Np-137 hut not Pu release
rom glase forme and that & Large smount of HA-acztinide
sileid iy generated the rolloid formed s filtecable by
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s IT POSSIBLE TO DEMONSTRATE

t' REQULATIONS FOR HIGH-LEVEL
: j & _[ioenan, Sandia National Laborannes. Albuguerque, NM
5 ,‘ ‘
i e regulations ihat currentiv govem reposilones [or spent fuel and R
. evel WAse require demonsuralions that are someunmes described as
npossinie w make. To make them will require an ynderianding he
urrent and the future phenomend al repository sdaes, it will 3is0 require
a wgibie esuimates of the probabdiugs that (he phenomena will scour in
s san: future. Experts in many heids canh sCience. sLLsLICS, numenca
nogeing, and e law - ave guestioned whether any amount of daia

nlidence 10 salisty (he reguiators
issesyments have begun w shed (ght on this quesuion
1 of sctudl sue investigauons. Along with expen opini
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SION V12: PERFORMANCE ASSESSMENT

"

~

COMPLIANCE WITH THE
WASTE REPOSITORIES? [zilon

oliecuon can allow modelers (¢ meet these requuements with enough
\t regent years some pertormance

JiEh these studies U
suggests that

gn

y make

r

n

ne

They have used the

mpance mav nix e impossidie 10 demonsuaie ihe review also SURgesG
that the demonsuauons can be only at the reasonable levels of
issurance menuoned, but not defined, in the reguiauons. The final decisions
nowl compiiance are lkely 10 tum on the reguiaors final decisions about

rasonabieness

wever

230 AM. *V12.3
INCEPTUAL STRUCTURE OF PERFORMANCE

SSESSMENTS CONDUCTED FOR
ILOT PLANT
v Mel G
Laborsiories

THE WASTE ISOLATION

Jon G Heligs, Artzona Stete Usiversity, Tempe,
Marietia and Rob P Rechard. Sandia Natiosal
Albegquarque, M

The wasie lsolation Pilot Plant (WIPP) in souiheastern New Meiico
being developed by the US Depariment of Energy a3 2 dizposal
BCV LY TOF fansuranic waste In support of this project, Sandia
Sational Laboratories is conducting an ongoing performance
sesament for the WIPP.  The ordered (riple representation for risk
proposed by Kaplan snd Garrick 15 used 10 provide 3 ciear
conceplual structure for this performance assessment. This
presentalion describes how (he preceding representation provides a
nasis 0 the WIPP perfurmance assessment for (1) the defimition of
eRACIOs ARG ihe CAICUiNION OF Acenario

pr.babilities ang
inseqQuenies he separption of subjective and stochastic
complementary cumuintive

\

ncertainties, () construction of the
tistribution Tunchons required A comparisons with the U S
[ nvironmental Proteciion Agency's standard for the geologic disposal

radioactive waste (e, 40 CFR Part 191, Subpart B), and (4) the
performance of uncerisibly and sensiiivity studies. Results obtained
n 2 prelimindry performance assesament for the WIPP completed in

recember of 199! are used for illustration

00 AM. *VI12.4
CCOUNTING FOR UNCERTAINTY IN PERFORMANCE

SSMENTS Proigssar. Milon £, Hagm, School of  Ciwi
ngineenng, Purdue University, West Lalayette. Incvana 47907

»

i

The ways n which nalural sysiems of, on, or n the gound perlorm
jemonsirale consderable afferences Detween hypothelca Moaeis
and actual pesformance. All such systams are subect 10 CoOmpiax
nigrrelavonsnips of volds and sokds. partcie rreguilantes, ambient
eftec*s, affenng concentratons of fiuds and, hence. 10 varying
Jegrees ol (ANCOMNess (uncenamnty) Vanous analytical methoas
nave been oltered n the past lo accommodale uncenaintes. The
most common procedure 1S the Monte Carlo method. The method
gquires thal the probability gisinbution functions of all component
/anables De known compielely and “a poori.” The procedure selects a
SINQIe TANGOM sampie o the assumed probabdity astnbutions of aach
antenng paramater. These are then comoned delermimisucally, 10
provide oné reahzaton (Inal) of the gépendent oulpul. For ail byl a
@ry law random vanables. numerous inais are requied o0 anawm
iplerable levels of accuracy For performance assessment of real
systems. which by thew very nalure /eQuire very many vanables and
-0 olete probability density functions, Monta Caro simutabions are of
westonable value Even graater doudt surroundas this methodology
\he vanacies are correiated
The present paper presents a simpie methodology lor extracing
hastic miormaton for the paramsters from laboratory resuits or
n sily Magsurements. |t then gemonstrates Now this intormation
-an De use < make predictons of anticipated performance. A
WMbDer of wolked Sxampes ane the

nethoacioyy

ey

prasantad 1o dlusirate
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MODEL VALIDA TION AND DECISION MAKING . Matalic B Olagus, Favl

L [avis. Sandia Nationsi Laboratores, Albuquergue, NM  B7185-3800

from ground-waler (ow and transport m wiels are olien used 10 make
Jeasions showt the saiety of pevential wasie disposal ses. Conseguenily, (he
caidity of these models has to be defended. Tha o usually done by companng

Hcoauits

rom (he modsls (0 crpenimental data, which & thought to provide
Adonce (hat the mesdcls represent realiny. Topecally, these exercses coass ol
aibeatind a model and viseslly companng (he model resulls 1o the capernmentiil y
Lata A subective conclusn about the valudiy of (e model 8 made. unieialed
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une (mporiant mechaniams snd processes in (he near-fieid of
he Swedish HLW repository
Ary Neretnieks
eparument hermuc Enpneenng
i1 Insutute of Technology
A &4 Siocanoim

ne proposed denign of the Swedish hugh-level wasie reposiory the spent
e niained thick walled copper canisiers. They are embedded in
mpacted bentoniwe and erapiaced in holes in the bottom of dnfis deep down
1 granie rock. The natunally reducing conditions in the rock ensures that ine
HYOSION raie copper 1 exuremely low. 11 is expected that only 3 few
snisiers will he damaged, and then by smail holes. for a very long ume. The
i lides mav escape out through the damage 1t the bentonite by diffusion

he raie of escape ¢ he governed by geometrical factors as well as by
vermacal and phvsical factors. The paper discusses the main factors which
1luence the reicase rate and where the major uncenamues are desmed (0 be
ey Je the presence of 4 disturbed zone sround the dnill, our
dernanding and means (0 descnbe the sysiem fraciures which

water 18 ihe near ficld, dilfusiwon in the Dack and rock and

YLIS W h poleniauy g0 Cause 3 W Xdizng environment

e special very flexibie muxielling 100ls have been developed and are used

A59231 Where the Major resistances (0 the release are These (OIS are A0
sedd 10 elucidate which reiease pathwavs and mechanisms are deller known
and guanufbed ' others
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KEY ISSUES INFLUENCING THE PERFORMANCE OF NEAR-FIELD
BARRIERS, Philio W _JTasker, Simor Wisbey and Charies B, Beyle
AEA Technology Harwell Laborsiory K

developing a nalional siratagy for ihe dispoen of rediosclive waalen
sach sountry will considar solation opuons that are appropriats W the types

~uate produce ! The spuens are deveioped n response to specific
ne al regulstory requirementis and therefore will focus on a Maren:
aspecis of performance However Lhere are 4 number ot wehnical conoerms
hat are common LW & programmes

The maejor saues concerning the Dehaviour the chemical and physica
barmars o the near-Nald of & radiosciive wasia reposilary are discusaed 0
Lhis paper in deseribing Lhese isaues ¢ Deen divided into ihe
following ategomiaa barrier ienigr r evolulion scientifie
inderstanding through modeliing. and vaigation M periormance

The near (leid Larners are selecied and devigned (o provide appropriaie
radwanuchde ¢containment and cenirol The evoiulion of these barmers
such as zontamer degradalion And gas generaton alTects the subsequent
release of radionuciides Lo the human environmeni Modalling repository
festurs of performance assasamants and
remogenditise, non-equiiprium

However L(he use o

pvoiulion 4 thereinre an integre
A8ues such as Lhae saimeni of
hemistry and timescales must be adaressad
ematical and computar modeis carries o requiremeni for validation

DuiIGe

n

The use of cemenstralion wiperimanis and NALUTAl ansis
anfidencs in the predictions of repository performance models and
srovides & degree of validation for siharwise inaccesaiDie LiMescaien

*Y1l.6

245 P M

RESEARCH ~NEEDS IN HLW DISPOSAL PROGRAMMES &
Hadcomann, Paul Scherrer instiuie, TH-S231 Villigen PSI Swotzenand, and
Taries McCombie, Navonai Cooperaiive [or e Disposa of Radioacuve

Waste, CH- 5430 Wetungen, Swilzeriand

A repository for high-level radioactive wasie will not be in operaton n
Switzeriand (or elsewhere) hefore the tutn of the next century  However
exignsive invesugasons disposal ipecific regions Or siles are
ngoing and lormal sale analvses have been periormed n many
sounties. Broadly speaking these analyses show (he feasibiaty of he
shosen disposal opuons, At the present siage before a licensing
ippucauon, performance asssagments nNave @ {urther (mportant
applcacion: t5 idenufy further needs (o 1mprove sysiem undersianding,
and o guide the necessary resgarch acuviies Performance assessments
are thus indispensaole ‘ools for focussing in on research requiremenis
and discrimunanng  between necessary and merely Jdesindie oOf
nieresung research projgecis

Hased on expenence (rom the forthcomung assessment of HLW disposal
n the crysalline of Northern Switzeriand ("KRISTALLIN ~e
onsider in detail the chain of models resuling TOm 3 scERANo Andlysis
For each model block, such as e g engineered bamery performance
hvdroiogy, and radionuciide transport, the adequacy in understanding 13
addressed and the necessary research needs pounied out These a3
cover a wide span from the reguirement (o7 More reliabie input numoers
examole: long-term corrosion raie of glass) 10 @ Detler underswanaging oi
mportant Testures (example: excavation damaged one) ana Key
mechanisms (exampie. sorpuon
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I'HE ROLE OF OXYGEN DIFFUSION IN THE REL! ASE OF
TECHNETIUM FROM REDUCING CEMENTITIOUS W ASTE
FORMS. Boben . Smub. ldahe Natonal Engineening Laboralorn ¢ Box
518, 1daho Fails. 1D 83415-210: ang John O, Walion, CNW RA Southweu
Research Instiuie. 6220 Culedrs R4.. San Antomio, TX T8228.05i

SEALLIGNE Matenialy provide an (Jedi pea SETER EnY ronmen [ tha
wmoilization ol nuclear wasie te g . high pH pore fuids and (arge Surtace
sreas [or sorpuioa | The incHison of reducing agents. such as blast-fumace siags
1FS) can regult in (he immobilizaton of radoaucides by e 16rmalion
id sullide phases. Thermadynamic cakculauons vaing the MINTEC
grochemica| compuier cude indicale thai elemenial sulfur presend in the BFS
sactd wilh (he highiy mobde TeO, amon o form msoiuble T Sq,, initially

he wasie lorrn very effectively immotiilizes 1o um However, a3 oavgen

et
siffuses 100 the waste form, an ouier 2one of onidized concreie ang 3 INNNKING

ore of reduced gt concrele wili deveiop Unidauon of suilur in (he ouler

JONE TeAUILS 1) InCTEANRY LEC AT I CONCENITALIONY (N 1he s un! begausc
1S9 51 vAILES (0 the IMubIie Telly amon. The Q4 Smon Can /!
1Om (the watie 1o 1o the envuoninem
nalthemdical mougel that accounty Ttor diflunon of oxygen "o ncreie

aried Pith HRIdaLON of sulfur and tullige 1o suifae has peen deveioped Thes

ole! BsGings the essience ol an of dized oty Layer of Concrele surrounaing

WnNnkng core of regucing iNtact concree A SRarp boun
€8 Moves 1owiy ihward resyluag i oxdation of 1
siease of TcO, via aqueous diffusian 1n the concreld po
Jaed 10 calculate the consequences of paygen Jillusion Gn the release

y between Ihe twe

1 Subsequen

ids. This moge

aneuum (rom o BFS cementiious wasie lorms
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ALKALL-ACTIVATED FLY ASH-5LAG CEMENT BASED
NUCLEAR WASTE FORMS., W, Jiang. X. Wu and Q.M. Boy
Materials Research Laboratory(IMRL), The Pennsiyvvania
State University, University Park. PA 16802, USA

This paper is based on Lhe resulls ol an on the way R%D
Project about alkali-acuvated cement system at MRL. The
hjective of this research 18 10 establish the potential for
arge use lly ash and slag as main compgc nents of the
ement svstem. Alkali-activated lly ash-slag cement
AAFSC) was studied as a matrix for immobiiizauon ol
wuciear wastes AAFSC is characterized by Uigh early
sirength. high ulumate strength. low porosity, lower
solubtlities of the hvdrates and nigh resistance 1o
nemical corrosion as weil as the freezing and heating

All these advanced properties are particularly lavoraoie to
the immaobilization the nuciear wastes

n the experiments 92 87% raw materials are fly ash
and slag, cement or lime i1s 5-10% used as stabilizer. the
alkall is 3% (By R30) used as activator The result is
promising For immobilization of nuclear wastes AAFSC
s better than ordinary ortdand cement. fiardened
VAFSC paste has good performances. AAF SC -based
auclear waste forms exhibit lower cesium leachadbllly
especially in the case higher temperture

930 AM. V148

MICROB [ AL DEGRADAT [ON ' EMENT LIDIF LD WoLEVEL
CADIOACTIVE WwASTE FORMS Robert iogers. Melinda
samiiten, and Jonn w. McConne! J4h0 MNatignal Engineering
.Aboratory, idaho Fails 0 83415-220)

Researchers familiar with the NRC Technical Pasilion on wWaste
form Diodegradation tests have found Lthem undpplicable for use
with cement solidi1fied LLW sacerns over the tests included
lack of demonstradle evidence thal miCrogrqanisms requirea oy
the standard tests promote degradation of cemenl wasle farmy
Jnder ary test condatlions

The NRC § Advisory gmities on Nuclear wWasle haj riaiseg
concerns dboutl biodegradation testing of . "hay recommend
that biodegragation testing for cemenl:ilious w~asle mairices
Js¢ Dacteria that are likely tg affect cement as we a5 the
organic camponent of the waste

822

information will be presented outlining procedures fof the
sevelopment of 4 new testing pretocal for cement 50l dif ey
waste forms. Inciuded will be 3 discussion of mechanisms ans
nicrobes ‘nvolved in the microbial degradation of Cement
naterials Imitia) testing data will aiso be presented
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SJORATE SUBSTITUTED LTITRINGITLS angd red
P Glasser. Department of Chemeairy, Umiversity of Aberdeen, Mesion
Walk, Old Atesgcen ADY 2UL, Scodand

The setting of cemeni 13 adversely alfecied by solubie borues To reduce
nerference. (he exient (0 winch borate can e insolubilized has been
nvestigated. One specific mechanism of nsolubilization 18 Dy InCiusion
nto einingite. Bunngie s & nonnal and stabic consutuent of Portand
ement It has an open bul non zeoliic framework. Borate can subsutue
parually oc fully for suilae

Formation conditions, solubility and stability of borste etiringiiey
CasAlB04)24OH,O)12 26H70) are chanciensed ubing ARD, IR,
DTA, DSC, and SEM

Durability of borate eunngites in a reposiory environment have been
assesied by cxposing 10 Na-suifate and Na-carbonaie silack at differem
concentrations. Back subsutution by sulfate 13 incompiete. Tigh carbonaie
CONCERUIRIIONS Can, however, deCompose DOMILE cunngiie.

Ja heat treatment up 1o §5°C the crysiallite morphology and the OH
urangement of the structure are aliered, but the X-ry patiern ana hence i
wuctunsl framework are not affecied

13 concluded that errngie has potential Lo redike the solubility ol torae
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MOBLLITY OF CHELATED RADIONUCLIDES IN ENGINEERED
CONCRETE BARRIERS Crmug A D.cke and Robert W Smith, ldahe
Natonal Enginesring Laboratory, PO Fex 1625, [dahe Falls. iD 83415
2i10

Conerete 3 a MAjor component 0 wany -ot»ncvoi wasie diaposa
facilities (LLW) Ths use of concreie 3 widespread because of ils
physical and structurai properues and alsc o provide geochemical control
an metal and radwmnuchide relesses Jrganic compounds are oftan
sodisposed with radionuciides in LLW disposai fsciitties  Inlersstions
netwesn radionucides and chelating ager ta must be evaiuated W estumate
the motility of radionuchides in concrele vauils

Citrate and eihylenediaminetetraacetic acid (EDTA) are common
orgAnIe components in mixed waste soiutions in LLW facilives
Radionuciides such as Co, Sr, Ni, am and UO; reast with aitrate and
EDTA 1o farm stabls snalated cadipnueiide compiszes.  Eauilibrium
speciation calewiaions are used Lo determine the response of Lhese
sompleses o highily nlknline conerete pore MNunde

Equilibrium speciation calculations indicate that radionuchides are
cheiated in noaturs!’ groundweter (pH=71 but are destabilized in the
nighly sikaling (pil>13) conerete pore uids  Most of the radionuciides
compiexed by EDTA are replaced by Cas® in ihe conerete pore luids
‘aleium aise replaces nuchides in the citrate complex. In additien, the
sitrate nuclide complex rencts to form uncompiesed citrate 1n concrete
sare Muids. Performance of concrete LLW disposs! lecililies should not
be compromised by small amounts of chelating agents codis <2d with
radisnucihides

10:45 A M \'IQQ

THE RADIATION STABILITY OF GROUMD GRAMULATED BLAS TFURMACE
SLAG/ORD INARY PORTLAMD CEMENT QROUTS CONTAINING ORGANIC
ADMIXTURE. John 0 Pylmer & Graham A Fatrhall, British
Nuclear Fuals pic, Sellafield, Seascale, Cumbria, UK,

Jrgenie admistucas Are srtensivaly vaed IR the cemant e tonatructien
sdstrian th wadity the prapertiss of grewis g tencteted Ne
SAvanlages a1 YR Ag SERIATUTEs TR inaleae CEpreved gt fly'd Ly sar ng
Sl eCUBEnt 48187 SLTECRTIBA (A SELLIAG tiame 14§ ¢ompEnsAls 'er seesensl
AMDETATUTE war el lans . et ewraved Surel! ity te Iresie/thee creling
NeRd BTARectian cen siae Be sl Benelil n 1Re Aeiwar MuALTY wharse
PRAAT §UAUTE AT UNed 10 (EBOGTL RS CERISEcTIYY wedies,



