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1 RIP REPORT

! SUBJECT: Materials Research Society's ' Symposium on the Scientific Basis
for Nuclear Waste Management XIV'

DATE/PLAG OP 1 RIP: November 26 29,1990; Boston, Massachussetts

! AUnlOR: Roberto T. Pabalan

PERSONS PRESENT:4

CNWRA

Roberto T. Pabalan
Narasi Sridhar '

BACKGROUND:

1 This is the fourteenth of a series of symposla covering a wide array of topics regarding the
scientific basis of nuclear waste management. Technical papers were presented regarding nuclear
waste glass, radionuclide migration, grout and concrete, spent fuel, performance assessment,
metals, integrated systems, and backfill materials. This conference was sponsored by the U.S.
Depanment of Energy, U.S. Nuclear Regu'itory Commission, and the Atomic Energy of Canada,
Ltd. Proceedings of the symposium will be published by the Materials Research Society next
year.

SCIEN11FIC ACITVI11ES:

The CNWRA's contribution at the symposium consisted of a paper presented by R. Pabalan,

regarding 'Nonideality Effects on Ion Exchange Behavior of the Zeollte Mineral Clinoptitolite',
and a paper presented by N. Sridhar (co authored by G. Cragnolino) regarding the ' Environmental
Effects on Lehd Corrosion of High Level Nuclear Waste Container Materials'. In addition,
R. Pabalan cochaired a technical session on radionuclide migration and attended symposium !

committee meetings. A number of Center staff (W. Murphy, D. Tumer, E. Pearcy, R. Pabalan
and N. Sridhar) were also involved prior to the meeting in the peer review of manuscripts
submitted to the symposium.

A~ copy of the symposium schedule and abstracts are attached.

PROBLEMS ENCOUNTERED:

. None.
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PENDING ACI10NS:

A copy of the symposium proceedings will be obtained.
|

RECOMMENDATIONS:

It is imponant for Center technical staff to attend meetings such as these where the ' scientific
basis' fcr nuclear waste management are discussed. These meedngs provide an opponunity for
the staff to be exposed to research activities being conducted in other disciplines, to be informed
of recent developments in the area of high level waste research, and to interact with investigators
from other organizadons and countries.

SIGNATURE:

W |2- 3 f|
Roberto T. Pabalan Date

CONCURRENCE SIGNATURES:

/9.~O~90
L. Russell Date
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Chair: Clarde $ombret and Ned Babbt Chairs. Ned $tTrth60 and Rubeno P6balan
.

.

Monday Morning, November 26 Monday Ahernnon, November 26j . ,

; Amence South (W) Aments South (W)
|

! 8:13 A.M. WELCOMINO REMARKS 1:00 P.M. *fM.

! A$$ES$1NO THE N ATURAL PfJLFORMANCE OF FELSIC TUFFS AT
"

; I:30 A.M. *f.M YUCCA MOUNTAIN U$1NO THE Rb $r AND $m Nd SYSTEMS, Zs.|j
; OVERVIEW OF CHEMICAL MODELING OF NUCLEAR WA$TE CLA$$ E. Petemen, Kiyoto Fute and Richard W. Spenskr, U.S. Geological
i Dis $0LUTION, William L Boun,er, Dwrence Livermore National Survey, Denver, CO.

Laboratory, Livermore, CA.

9WA.M. W N ATURAL AN ALOG STUDit.$ FOR PARTIAL VALIDATION OF'

J ENHANCEMENT OF BOROSILICATE OLA$$ DIS $0LLTION BY $1LICA CONCEPTUAL MODELS OF RADIONUCLfDE RETARDATION AT
l $0RiilON AND DIFFU$10N IN COMPACTED BENTONrTE: A MODEL THE WIPP, D B Want. D.O. Brookms. University of New Meuco,

! $TUDY Enzo Cei, Paul Scherrer inaulut. Villigen and WUrenhngen, Depantnent of Geology, Albuquerque, NM; M D. Siegel, and 5.J.
1 $witzstland; and Poul A. Smith, Poul Scherrer ineutus. Villigen and umbert, Sandia National Laboratories. Albuquerque, NM.
1 W0renlingen, $m stierland.
I 1:43 P.M. E M -

9:15 A.M. W RADIONUCLIDE3 LN HYDROTHERMAL SYSTEMS AS INDICATOR $
"

RARE EARTH ELEMENTS BEHAVIOUR DURING ALTERATION OF OF REPO$fiORY CONDITIONS, H A W4enbers and 8. Finut,
B A1 ALTIC OLA$$ ES: CASE OF THE WEATHER!NO OF ICELANDIC Laurence Berkeley uborotory Berkeky, C A.

#

y HYALOCLASTfTES, L Qggs, J.L. Crovisier, C.O.$., Strasbourg, Frsace;
and J.C. Peut CE.A.. SE.$D/LECALT, Fomenay-aux. Roses France, 2:00 P M. Wi,

TEMK)RAL CH AN0f 3 IN URANIUM $ ERIE 3 ISOTOPE
9JO A.M. W CONCENTRATIOt" A1 A FUNCTION OF FLOW CONDfTIONS IN

j MINERALOGICAL. TEXTURAL AND COMPO$fTIONAL DATA ON THE THE $$$DP VfD., $ ALTON $EA, CAL!FORNIA, Bret W Lasha,
'

ALTERATION OF B ASALTIC GLAS$ FROM KILAVEA. H AWAll TO Douglas E. Hammond and Tah Lung Ku, Umversity of Southern
> 30(PCa IN$1GHTS TO THE CORRO$10N OF A BOROstLICATE CaMomia, Depanment of Geological $siences Los Angeks. CA.
CLAS$ WASTE FORM, David K $moh, Lawrerwe Livermore Neuonal ,

Dboratory, Lhermore, C A. 2:15 P.M. E M
THE REDISTRIBUTION OF URANIUM SERIES RADIONUCLlDES AT

9 43 A M, EM KOONOARRA, Rnben Ed's, Australian Nuclear Sciense and Technology
THE IMPORTANCE OF $ECONDARY PH A$ES IN GLA$$ CORRO$10N, Orgatunauon, Lucas Heights Reseerth Laboretones, Menai, Austraha.

' WilUem L Eben and John K. Bates, Argonne Neuonal Laboratory, Argonne,
IL. 2.30 P.M. EM

8$TUDY ON ROLE OF '*f H IN URANIUM SERIES NUCLIDE3
10 00 A.M. BREAK MICRATION, Tmhihiko Ohnull, Japan Atomic Energy Renaarch inautute,

Ibarski, Japan; shop Watanabe, Mitsui Knowledge !ndustry Tokyo, Japan;
10:15 A.M. 2.2,L6 and Takashi Murakami, Japan Atomie Energy Renestsh Insutute, Ibarski,
THE ROLE OF $URFACE LAYER $ IN GLA$$ LEACHING Japan.
PERFORM ANCE, l.K..Boes, Argonne Nanonal bboratory, Argonne, IL.

2.45 P M. BREAK
10 45 A.M. EM'

MECH ANisTic EFFECTS OF DEUTERATION ON THE AQUEOUS - 3:l$ P.M. !tM
CORRO$10N OF NUCLEAR WASTE GLASSES,2Lh.u. L. Fu, l.L. GEOCHEMICAL CON 11tOLS ON URAN!UM MOBILITY IN
Pegg, and P.B. Macedo, The Catholis Universiiy of Amence,1he Vitreous CRYSTALLINE. ROCK AQUlFERS, Rkhans B Wamy, U.S. Osological
Sista Laboratory Washington, DC. Survey, GolJen, CO, Donald Langmuir, Coloredo of Mines, Golden, CO,

Cynthis A. Rwe, U.S. Geological Survey, Golden, CO; and Paul Bnggs,

11:00 A.M. W U.S. Geological Survey, Lakewood, CO.
HYDROLY$15 OF RTT7 NUCLEAR WASTE CLAS$ [N DILLTTE MEDIA:
MECHANISMS AND D15$0LUTION RATES A$ A FUNCTION OF PH, T. - 3:45 P.M. W
Advocat, CEA CEN/V ALRHO. $DH A/$EMC, Bagnols. Frsnse; J.L. FLOW PATH MINER ALOGY: ITS EFFECT ON RADIONUCLIDE
Crovisier, CCS, insutut de G4ologw, strasbourg, Frenm and E. Vernas, MIGRATION IN THE GEO$PHERE, Kenneth V Ticknot, D. Chouden
CEA CEN/V ALRHO, $DH A/$0MC, Bagnols France. Kammeni and Tielk T. Vandergraaf, AECL, whiteshell Nuclear Rewarth

Estabhnhment, Geo6hemistry and Apphed Chemistry Depanment, Pmans,

ll.l$' A M. W Canada .
TECHNICAL BASES FOR THE DWPF TESTING PROGRAM, hj.),,
Ektti, Wesunghouse $avannah River Company, Aiken, SC. # 4 00 P.M, EM

ASSES $ MENT OF RADIONUCLIDE MIGRATION IN N ATURAL
11J0 A M. fj.dQ AN ALOOUES BY RADIATION. INDUCED CENTER $ IN KAOLINffES,
THE EFFECT OF S AMPLF PREPAR ATION METHODS ON GLAS$ Phibrice flJefome, Jean-Pwrve Muller, Blandine Cloral, and Georges Calas,
PERFORM ANCE, M.S. Oh and V.M. Oversby, Lawrerwe Livermore Nauc .al Umversites de Pens 6 et 7 Labarsioire de Mindrologie Cristallographie,
Laboratory, Livermore, C A. Pens, France.

11,43 A.M. till * 4:15 P.M. tidQ
THE USE OF PARTIAL. REPLENISHMENT TESTS IN MODELING THE DIFFU$10N PORO$rTY AND DIFFUSIVrrY OF RADIO NUCLIDES IN
LEACH BEH AVIOR OF GLASSES, As Barts, S.A. Olnowks, W. GRANTTIC ROCK $J PART I DIFFU$10N INTERFACES AROUND
souunrout, T. Choudhury, y. Guo. Al. Barkatt, and R. Adige, the Cathohs PERMEABLE FRACTURES, Veijo O. Pirhonen, Kai Front and Petteri
Uruversay of Anwnsa, Washington, DC, Pitkinen, Technical Researsh Cenire of Finland, Geotechmcal bboratory,

Espoo, Finland.

* Invited Papet
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St$510N P4 P * D10NUCLtDE MIGPATION tl4.J0 P M. Ull
QU/.NTrtATIVE LYTERPRETATION OF HALOGEN POREUATER

Chair: Roten $the
CONCERTRATION PROFILE 3 IN LAKI $ED!MENTS, W Ebertani Ftkk Tunday Ahstnann, Novemtwr D

and Paul J. Hookar, &nush Geolognal Survey, Fluid Prosness kommh Amarus Sunn (w),

.

* Orcup, Natungt.am, Uruted Lngdom.
1.00 P M. 'f.M

BAlle RESEARCH FOR A$$ES$ MENT OF GEOLOGIC NUCLEAR= 45 P M. QJ)
(ABSTRACT WTTHDRAWN) W ASTE RElostTORIES: WHAT SOLUBILTTY AND $PECLATION

$TUDIU OF TRAN1 URANIUM ELEMENTS CAN TELL U$ linn2=

M, Lawnrus Ewrt:6ey bborstory, Earth Scwrses Divinoa, Berkeley,N
[E$$10N It CPolfr AND CONCRITE
Uhairs: Ldhan Wakeley, Alan ALLmpon. CA.

and P. C. Anctn
Tusaday Mortung, Novernber 27 130 P M. N

Arrwnca South (W) ,,) M AS$ RELATIONSHIPS AND TRANSPORT POTENTIAL OF
h VOLATILE NUCLIDE SPECIES IN $UILSURF ACE ENVIRONMENT,

Ab' sham teman, Nonhumern Uruvmay, Departenant of Geolognal
8:30 A.M. if1)

RESEARCH NEED$ IN CEMENT.B ASED WA$TE FORMS, L%i $ san 6:s, Es araton, IL.

McDemel, Oak Ridge Neuonal Laboratory, Oak Ridge, TN.
I 45 P M. [4J

9:00 A.M. W ACTINIDE SPECLATION BY PHOTOTHERM AL $PECTROSCOPLES:
LN$TRUMENT ATION DEVELOPMENT John M. Itern, C. Drew Tait,

PHA$E RELATIONS AND $0LUBILrrY MODELLINO IN THE CaO $ior
Al,0cMgO SOr H,0 SYSTEM: FOR APPLICATION TO BLENDED David E. Mome and Willem H. Woodruff, Los Alamos Neuoral

CEMENTS, M. ALLma, f P. Classer and A. Kindneu. University of Laboratory, teotops and Nucitar Chemistry Division Los Alamos, NM.

Abstdeen, Deranment of Chenustry, Aberdeen, Scotland.
2 00 P M. EM

REMOTE MEA $UREMENTS OF ACTINIDE $PECIE3 U$lNO AN9:15 A M. EM
THE EFFICTS OF CALCTTE $0 LID SOLUTION FORMATION ON THE

OFTICAL FIBEA AND PHOTOACOU$ TIC $PECTROSCOPY, R.E.

TRAN$1ENT RELEASE OF R ADIONUCLICES MtOM CONCRETE
Russo, Lawrerne Berkaley bborstory, Apphad $cience Divnion Berkeley,

B ARRIER$, Peben W Smrth and John C. Walton. Idaho Natioral C A; and P. Robouch and RJ. Silva, Lawnnce Livermon Neuonal

Engineertrig Laboratory, Idaho Falls, Idaho. Laboratory, Nus6sar Chemistry Dmaion. Livermore, CA.

9.30 A.M. W 2.1$ P M. E M
HIGH-PERFORM ANCE CEMERT.BA$ED M ATERIALS FOR NUCLEAR MTRACT WTTHDRAWN)
FUEL WA$TE Di$POSAL, Piern Claude Aitctn, Un veruty of $herbrooke,
$hertrooke, Canada, Mana Onofrei and Makolm N. Grey, Atomic Energy of 2.1$ P.M . E U

)Canade Limaed, Pinema, Caruda. THE APPLIC ATION OF PO$frRON EM11$10N TOMOGRAPHY TO
f

k( p TPE STUDY OF M A$$ TRANSFER IN FRACTURED ROCK 3, D.

9 43 A.M. EM Oilling, N L lefhnes, Harwell Laborstory, AEA Decorrurussieruns and

MODELING GEOCHEMIC AL STABILT!Y OF CEMENT FORMULATIONS
Radneu, Oson, Unned Kingdom; M R. Hemkuworth and D. Parker,

FOA USE A$ $ HAFT LINER AND $EALING COMPONENT $ AT YUCCA Uruvmay of Birmingham, Birmingharn, United Kingdom.

t(OUNTAIN, Mark A Gardmer, IT Corportuon, Albuquerque, NM; Thomas
L. Hinkebein, Sandia National Laboratones Albuquerque, NM; and Jonathan 2.30 P.M. BREAK

Myers, if Corporsuon, Albuquerque, NV
3.00 P.M. EM

MIGRATION OF RADIONUCLIDES IN GEOLOGIC MEDIA:10.00 A M BREAK
FUNDAMENTAL RESEARCH NEEDS D T Reed, Argonne Neuonal

10.30 A.M. *fL6 Labontory, Argontw, IL; FJ. Wobber U.S. Depantnent of ErwrgyiOffice

THE LONO. TERM PROPERTIES OF CEMENT AND CONCRETES, M. of Health and Envirottmental Resursh, Washington, DC; and J.M.

Atkins, J. Coma, F P Olmer. A. Kindness, and L.P. Moroni, Uruvmuy of Za.hars, Pacific Northwnt bboratory, Richland WA.

Aberdeen, Old Aberdeen. $cotland.
3:15 P.M. [O

THE EFFECT OF EXPFRIMENTAL CONDITIONS OF THE MODIFIED11M A.M. EM
EVALU ATION OF DRY $0 LID $. BLEND M ATERIAL $OURCE ON A

LANGMUIR t$0 THERM AD$0RPTION PARAMETERS, %1fnd L.

CEMENTTTOU$ WA$TE FORM, T.M. Gilham, R D Sr'ena, $.C. Osborne, Egger, los Alamos Nauonal Laborsiory, Environmental scunce Group,

and C.L. Francia, Oak Ridge Nanonal Laboratory, Chemiul Technology les Alamos, NM, M, Oopola Rao, Howard Un:vmity, Washington, DC,
and Hector R. Fuentes. Uruvmity of Tense at D Paso, D Peso, TX.Dmnion. Ook Ridge, TN.

II:15 A.M. EM L30 P.M. EM
THE ROLE OF ADVEC' TION AND DIFFUSION IN THE DEGRADATION NONIDEALrt Y EFFECTS ON ION EXCHANGE BEHAVIOR OF THE

OF PORTLAND CLMENT GROLTT $EAL M ATERIALS IN REPO$ff0RY
ZEOLITE MINERAL CLINOPTILOLrrE, Robene T Pabelen, Southwat

ENVIRONMENTS,8 R. Alcorn, T.L. Chnauan Frur, and M.O. Wallace, Rewarth Insutute Center for Nuclear Weste Regulatory Analyses, San

RE/$PEC Inc., Albuquerque, NM. Antonio, TX.

I1:30 A.M. EM 3 43 P M. EMD
KEY PARAMETER $ OF GLA$$ Dt$$0LUTION IN INTEGRATED EFFECTS OF MLNERALOOY ON $ORPTION OF $r AND Cs ONTO
SYSTEMS, Ebenne Y Vemar and Nicole Godon, CEA VALRHO, Bagnola, C ALICO HILLS TUFF R.E. Meyer, W D Arnold F I. Case, O.D.

O'Kelley, and J.F. Land, Oak Ridge Nauonal Laborpory, Oak Ridge, TN.Franca.

I1:45 A.M. Ell,9 4.00 P.M. EMI
THE EFFECT OF LEACHING ON THE PORE STRUCTURE OF CEMENT. ESTIMATION OF THE MIGRATION PARAMETER $ FOR THE BOOM

BASED GROUTS FOR U$E IN A NUCLEAR FUEL WA$TE DL$N$AL CLAY FORMATION BY PERCOLATION EXPERIMENTS ON
V AULT, M Onntni, M.N. Gray, Atom,c Energy of Canada Linuted, UNDi$TURBED CLAY CORE 3, M l. Put M. Monsacour, A. Fonteyrw,

Whneshell Nuclear Research Estabhahment, Pinem e, Canada; D. Breton and $CK/CEN Mol, Moi, Belgium; and H. Yoshida, PNC. Tokyo, Japan.

G.11sthvy, $herbrooke University, $herbrooke, Canada.
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4 li.P.M. Ms

MICRATION OF RADIONUCL! DEA IN F1LACTURE COLUMNS, Eggg M APPLICATIONS OF $PHAONUM PEAT FCD IMMOBILIZINGI
'

Rg[gg, Mami Hakanen Universuy of Helsinu Departnwnt of Radiochenusary, RADIOACTIVE AND HAZaJLDOUS CONTAMINAVr3 (N THE
*

j; Heneinki, Finland; and Airmo Hautoj6tvb Tuhrucal Rewarsh Ceners of $UR$URFACE, P A torummin,0.0. Brookins, B. Thomson, Univorany*

Finiend, Nuclear Enginsonng bboratory, Helsinki, Fardand, of New Meuco. Albuquerque, NM; and P.O. Ellet Los Alamos National
bbontonn, Los Alamos, NM.

d 30 P.M. tilj
Md) DIFFUllON MEASUREMENTS OF RADIONUCL!DE3 IN SfrE-; (ABSTRACT %TTHDRAWN) ~

| $PECIFIC $EDIMENT/OROUNDWATER.SY$TEMS, Hans Mewr, Erma

4:30 P.M. tidd Zimrrwrhacti, OLmer Zeitler, arid Pius Menge, Staail. Forshungsinautut
Er Osocherrus/Audensuite des Geologixhen brwoumus, Bamberg, WestTHE INFLUENCE OF TRACE ELEMENTS IN CON $OLIDATED Ostmany,

s[DIMENTARY ROCKS ON THE MIGRATION BEHAYlOUR OF
RADIONUCLIDE3, W. Bale 0$F tratau FDr Tisflagerung, Brounwheeig,

Mdf (MMOBILIZATION OF RADIOACTTVE STRONTTUM INWest Germany; and B. bode, Lahasedt, West Germany.
CONT AMIN ATED SOILS BY PHOSPH ATE TREATMENT, K.H. Kim,

SE3110N P4- POfTER ELt_\[QM
Uruversity of Tenneuee, Krcrvdle TN; and S Y Lee, Oak Ridge Neuonal

Tuesday Everutig, Novembee 27 Laboratory Environmemal $cierwes Davision. Oak Ridge. TN.i

UO P.M. 10:30 P.M.
M TNFLUENCE ON THE TRANSPORT PROPERT!E3 OF REDOX.Arrensa Ballroom (W)
SEN&rr!YE ELEMENTS (E.O. TECHiiETTUhD BY MICRO
ENVIRONMEffr$ AND MICROORGAN15M3, Hanskarl BrQhl, Asaf

EU EFFECTS OF HEAT TREATMENT ON THk MICROSTRUCTURE Pekdern and Andman Enkler, FNw Uruvenitat Berhn, Berhn, WeniOF A FULLY 8tMULATED NUCLEAR WASTE OLAss,Ingatv. Germany.
Elkl1111, l. Aseph, and L. David Pye, NYS College of Csromics at ,Vfred
Uruversity,insinute of Olosa $cience and Engineenng, Alfnd, NY,

Mdj THERMODYNAMIC MODELLING AND AQUEOUS
CHEMISTRY IN THE CaO-Al,0c$lo H,0 SY$ TEM, Alan Attu,n,J EU EFFECTS OF H! PING TIME, TEMPERATURE AND FRES$URE
Johh A. Hearm and Clive F. Knights. Harwell Labontory, AEA

c

P ON ICPP EXPERIMENTAL WASTE FORM PROPERTIE3,9 A $tacles, Technology, Didcot, Urund Kingdom.
Wesunghouse Idaho Nuclear Company, Idaho Falla, ID; and D.V. Maey,
I;0&O Idaho Company, Idaho Falls, ID.

C'.d2 M10 RATION OF CESIUM, STROVr!UM AND COBALT IN

fL} LEACH RATE EXCUR$lONS IN BORO $tLICATE OLA15ES: WATER.! ATURATED CONCRETES, Karuva tdemitsu, Hirotaka Furuya,

EFFECTS OF OLA$5 AND LEACHANT COMPO$rrlON, Aaron Barkatt, Ryuji Toutaume, $igeski Yoneuwa, Yaohiro lugau, Kyushu Uruversity,

8. A. Olazowka, W. Souunpour, M. A. Adel-l'edsdi, R. Adiga, Al. Barkeit. Fukuoka, Japan. and Seichl Sato, Hokkaido Uruversity, Sapporo, Japan.

i;
O.3. Marbury,3. Li, The Cathohc Univenity of Arranca Washington, DC.

ELH THE EFFECT OF $1LICA FUME AND WATER,TO CEMENT
RATIO ON THE HYDRAULIC CONDUCTTVTrY OF CuiEffT. BASEDELj R7T7 OLAS$ INrrlAL DISSOLUTION RATE MEA 1UREMEffTS
GROUT, A A Al-Mannuer. M. Onorni, M.N. Oly and B. Shenton,U5tNO A H10H TEMPERATURE SOXHLET DEVICE. F. Delare,LL
Atonus Energy of Canada Linuted, Whiteshell Nuclear ReusrchDuasossoy, CEN.Valtho, SDH A/SEMC, Bagnols.sur.C4re, France.
Emabhahment Pinam a. Catode.

EU APPLICATION OF THE GRAMBOW MODEL TO LEACH TEST QELl! $EN$iTTVrrY OF A CDtERrfTIOUS CEOCHEMICALDATA ON WEST VALLEY OLASSES, X. Feng,15. MuHer, Hsing yw
Ting, l.L. Pegg and P.B. Macedo, The Catholic University of Amence, FMODEL TO CHANGES IN THE CIBB'S FREE ENEROY OF THE
Yhnous State 1.4boratory Washington, DC. COMPONENTS, b.itrk A Ostdiner and Craig A. Givens,IT Corporstson.

Albuquerque, NM.

Chi EFFECT5 OF COMPO$fTION VARIATIONS ON
MICROSTRUCTURE AND CHEMICAL DURABILrrY OF WEST VALLEYdl0 EFFECTS OF CHLORrrE ALTERATION ON URANIUM
REFERENCE CLA$$, A C Buechele, X. Feng, H. Gu, L $. Muller and L.L. REDISTRIBVTION IN KOON0ARRA. AUSTRALIA, Teknahi Murakami,

Hironha laobe, hpan Alom:c Energy Rnearch lastituta, Ibarski, hpan; andPegg, The Catholic Univerony of Amence, lhe Vitnoua $ tate Laboratory,
Roben Edis, Austrahan Nuctor Scwnce and Technology Orgeruantion,Washington, DC,
Menai, Australia.

EL2 (ABSTRACT WTTHDRAWR)
0: ELU COMPARISON OF TUFF, ORANrrE, AND BASALT AS H10H.

LEVEL REPO$ff0RY HOST ROCKS: LrrHOLOGIC FACTORSI, EM MEASUREMENTS OF RADON EM15$10NS FT.OM NUCLEAR
INFLUENCING FLUID COMPOSITIONS, O c Ulmer, V.J. Gnasi, A,WA&TE, O. Espinosa. H. Hu and v M Cania Ao, laatituto de Fisica UN AM,
Lee, D. E., Onndstaff. Temple Uruvenay, cology Department,Micico, Mdsico.
Philadelphia, P A.

ELt CHARACTERISTICS OF MIGRATION OF "$r AND "'c8 IN
ELD H10H. TEMPERATURE ANNEALING OF NATURAL U0,,ALKALINE $0LUTION THROUGH S ANDY SOIL. Toshihiko Ohnukt,

apan Atomic Erwrgy Research Institute, Depanment of Environmental Esfety
Januar lanecrek and Rodrwy C. Ewing, Uruversity of New Meuco,

3

Depenment of Geology, Albuquerque, NM.Rewarch. Tokai, hpan.

EL19 STUDIES OF THE EFFECTS OF DEGRADATION PRODUCTS ON
f.LU ON THE COMPARISON OF THE EFFECT OF pH ON THE
SOLUBILfrY OF AN UNIRRADIATED UO2 IN BOTH PERTHE SORI' TION OF TIN AND RADIUM, l.8L Berry, O.M.N. Baston, K. A.
CHLORATE AND CHLORIDE TEST SOLUTIONS. INFLUENCE OF:Bond, C.M. Linklater and NJ. Pdkington, Harwell Laboratory, AEA

Decomminioning and Radmasie. Osfordshire, United Kingdom THE SOLID MORPHOLOGY, E.Ternro,1. Caus M. Aguilat, L de
Pablo. L Oimdrwa, UPC, Depenment of Chemical Engineenrig, Barcelona,
Spain: and L Bruno, KTH, Depenment of Inorganic Chemicals, StocLholm,

Ell! DEVELOPMENTOF H10H. TEMPERATURE UV.VIS.NtR $weden.
SPECTROSCOPY FOR Tile MEASURDfENT OF FREE ENERGIES OF
COMPLEXATION AT ELEVATED TEMPERATURES, P Pobouch, P.
Grant, R. Torne, and R. Silva, Livermore National laboratory Nuclear ELU OtRECT AN ALYSl$ OF TIME DEPE.NDENT FUNDAMENTAL
Chenustry D; vision Livermon, CA. $OLLTTION IN THREE D(MENSIONAL TRANSIERT ADVECTION

DIFFU510N BY BOUNDARY ELEMENT METHOD, Ryvii Kawamun
sad Akirs leono, Informanon and Mathemaucal Science Laboratory Inc.,
Tokyo, Japan.
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e

fajj THREE-DIMEN510N AL V18U ALIZATION. A MEAN$ OF V Elf BENTONfit.CROUNDWATER INTLRACTION IN INERT
,

or{lMll!NG AN ALY$l$ OF TECHNICAL INFORM ATION FO3 A
A NrrROGEN ATMOSPHERE, Antw Nyxrt,m, litre 14n,len, Ct .imers

CEO?,0Glc REETTC"!Y FC3 H10H. LEVEL NUCLEAR WA5TE, bd Uruversity of ToshnWe;y, Depennwns of Nuclear Chenu ry,05uborg,

H Menander, U.S. Dept. cf Energy, Woehingwn, DC. E. Rkhard Hdt, John $weden.a

L. $nwut, Pacific Nonhwee' bborotory, Ruhland, W A, Deritua R. Snuth,*
.

Karea Waldo, Dynanus Orophics, Inc., Bethesda, MD, Kannsth G. Eggen. V PL4.) CHARACTERISTIC 5 OF BOOM CLAY AS SEALING AND
Los Alamos National bboratory, Los Alanws, NM; and Ksarath M. Krupka, D BACKFILLING M ATERIAL, Geen T C Yoldarn and Frank T L.
Paciris Nonhwesa uboronary, Ruhland, WA. Varmtervoort, SCK/CEN, Depantrwns of Geo Tuhnology, Mol, Belgium.

M MODELLING THE CHEMICYL BEH AVIOUR OF M A REVIEW PROCMS AND A DATABASE FOR WA$TE,
RADIONUCLlDU LN WA$TE DISPOSAL IN GRANrrE R. Fenol, PACKAGE DOCUMENTS, Charles o in errante. U.S. Nuclut

BRGM Depanment of Goochenustry, OrWans, Frotwo, O. Oumun4an, Andre, ReguWtory Comnuuion, Division of High uvel Weste Management, Oha

Fonwne y.au s.Rous, F rsrue . of Nucleat Maiensk Safety and Safeguards, Washmswn, DCi Carla A.
Messina, Cor.auhant, twthu4, MD, and Anna C. Fnker, Natioral Insatute

M DIFFU5 ION PORO$rrY AND DIFFU$fVrTY OF
of standards and Tuhnology,Caithersburg, MD.

RADIONUCLIDES IN GRANTTE ROCK 5. PART 11. DIFFU$fYTTY AND
ELECTRICAL RE3137TVTTY MEASUREMENTS IN ROCK M ATRIX EL4J EFFECT OF OXYCEN T1LANSFORT AND Ru!3TIVfrY OF
AROUND FRACTURES, Heikki Kumpulainen. Ano Mwnnen and Kan THE ENVIRONMENT ON THE CORRO$lON OF STEEL, E Exeunig,

Uusheimo Te6hnast Rrwarsh centre of Finland, Reactor ubontory, Espoo, U. Benocci, Naiennat institute of Standards and Technology,Gaithenburg.
MD, and T. Oka. Nippon steel Corporstion, Japan.

Fina nd.

EM) R ADIO ACTIVE TRACER STUDY PERFORMED IN A DIPOLE
$ES$lON PC SPtVT FUtl

GEOMETRY IN A HIGHLY CONDUCTIVE FR WTURE ZONL [dt,p Chair: La rence Johnson

Byerird, Gunnar $kstramark, Mets skalberg, Chalmers Uruversity of Wednesday Mortung, November 28

Tuhnok,gy, Depantrwns of Nuclear Chemistry, Gothenburg, $* eden. Arrwnce South (W)

EM9 TEMPERATURE INDUCED REDOX FRONT IN THE NE AR
I.50 A M. 'fij

flELD OF A REPO$rTORY FOR $PINI FUEL, AHan T Emffn, Chairnen SPENT FUEL DEGRADATION, Rev $ Forsyth, $tudsvik Erwrgiteknik

Univenity of Technology, Depenment of Nuclear Chenustry,00 eborg, AB, N) Loping, $weJen.

$weden. 9:00 A M fij
M) CRTTICAL CHLORIDE CONCENTRATIONS FOR PffTINO OF

PH A$E RELATIONS OF THE ULANYL OXIDE HYDRATES AND

%' [C. Fernwr, and Dennis L. Fleming, Lawrena Livermore Nanonallaboratory,AUSTENTTic AND HIGH. NICKEL ALLOYS, R Donal McCncht, louph THEIR $10NIFICANCE TO THE DISPOS AL OF $ PENT FUEL, B,1
fMI snd R C. Ewing, University of New Mewo, Geology Depannwnt,

Livermore, CA. Albuquerque, NM.

fij.} $7ATISTICALLY DE310NED LEAD CORRO$lON EXPERIMENT 5 9.15 A M. Ed
FOR NUCLEAR WA$TE DISPOS AL, P Mani Mamew and P. A. Krucret, D1150LUTION BEH AVIOUR OF USED CANDU FUEL UNDER

Atomie Energy of Cansos Limited, Containment Analysis Brena, Panama, REDUCINO CONDTTIONS, l.C_Tsit S. 5tnws Gucoyre, W.H.
Hosking. A.M. Duclos, R.J. Porm and D L. Wilkin AECL, Whiteshell

Canada. Nuclear Ruearch Establishnwnt, Pinawa, Canada.

EMJ UNCERT AINTIES IN COFfTAINER F A! LURE TIME
PREDICTION $ R E WiMned. Facins Nonhwest uborsiory, Richland, WA. 9 45 A.M. BREAK

PLjj AN ADVANCED COLD PROCESS CANISTER DESIGN FOR 10:15 A.M. ffj
NUCLEAR WA$TE DISPOS AL, Heikki Raiko, Technical Research Centre of RLSULTS FROM LONO TERM D11$0LITTION TESTS USINO

Finland, Nuclear Engineenns Laboratory Helsinkl. Finland, and Jukka:Pekla OX1DIZED SPENT FUEL, Charles N Wilson, Pacinc Nonheut

Mg, Teolhauuden Voima Oy, Nuclear Wasie Office, Helsinki, Fmland. Laboratory, Richund, WA.

PMJ EVALUATION OF THFRM AL CONDUCTIVTTY OF B ACKFILL 10 30 A.M. ELS
MATERIAL VIA A TRIAL FUNCTION TECHNIQUE,l>.M. Xu, R.N. RADIATION INDUCED 015 SOLUTION OF UO , Hilben Chnsieneen,g

Yong end A M O Mohemed, McGih Uruversity, Geotectnial Researth Siuoavik Nuclear. Nyk6 ping, $weden.

Centre, McGill Uruversity, Monireal, Canada,
10 45 A.M. EM

EMJ MODELLINO STUDIES OF $0RPTION OF UFANIUM AND
UO, MATRIX Dl550LUTION RATf4 AND GRAIN BOUNDARY

PLUTONIUM IN THE F AR. FIELD OF A NUCLEAR WASTE
INVENTOR!E1 OF Ca Sr, AND Te IN SPENT LWR FUEL, W J. Orst

REPO5ftORY, A. Hawonh,5.M. Shetland and C LT*W, Harwell and D.M. $trechan, Pacific Nor hwest Laboratory, Richland, WA.

Laboratory, Radwsate Disposal R&D Division, AEA Decommissioning and
Rad *aau, AEA Technology, Didcot. United Kingdom. II:00 A M. fM

$1MFUEL Dis 5OLUTION STUDIE3 IN GRANTric GROUNDWATIA

EMi DE110N AND TENTATIVE RESULTS OF REDOX CAPActTY
UNDER OXIC CONDITIONS AT $'C., Jordi Bruno and Ameia Sandino,

MEASUREMENTS OF ORANTTIC ROCKS AND MINERALS, yniLQ Royal lastitute of Tuhnology, Departnwns of inorgerus Chenustry.

P1rhenen, Tuhnical Research Centre of Finland, Geotechnical Laboratory, stoc kholm, $. eden.

Espoo, Finland.
11:13 A.M. ffJ

[M] THE WIPP BIN. SCALE CH TRU WASTE TEST PROGRAM:
A DESCRIPTION OF THE KINETICS AND MECHANISMS WHICH

INrrlATION, Manm A MNeds, Sandia National Laboratorws, Albuquerque, CONTROL THE RELEASE OF HLW ELEMEN13 FROM SYNROC,
K.L. Smith, K.P. Han, O.R. Lumpkin, P. McGlinn, J. Benten P. Lam

NM. and M.G. Blackford, Austraban Nuclear Science and Technology

EM8 COUPLED THERMO. HYDRAULIC BEH AVIOR AROUND
Organiaanon, Lucas Heights Research Laborotones Sydney, Australia.

I ACCESS SHAFT $EALED WTTH BACKFILL MATERIAL,1 Okamoto,
Kajima Corporation, Nuclear Power Departnwnt, Tokyo, Japan; K. lahihars,
Y. Sawsuchi, Kajima Corporation, Civil Engirdering Design Division Tokyo,
Japan, K. Hart, N. $anaki, Power Ructor and Nuclear Fuel Development
Corporation, GeologKal Isolation Technology $ection, Ibarski ken, Japan.
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KEYWTE SPE AKE.R SES$10N PS MET AL,
*

Chair: Lars U"rme
1.00 P.M. ffM Thursday Monung. November 29

.

. RITHINKINO H10H LEV;L NUCLEAR WA$TE M AN AGEMEKT,[a!d Amsnce South (W)
L, Peder, Vanderbik Usuvsrsity, Depenment of Caval and Envirotunental
Engmenng, Nashvilis, TN, 8.30 A M. 'M

COKTAINER MATERIALS FOR Hl0H LEVEL NUCLEAR WA$TE AT .

SES$10N Ph PEPFORMANC.E ASSE3SMEW THE PROPOSED YUCCA MOUKTAIN $ffE, R Darnet McCneht, !
Chur: Jun Abrsjann and Hans Warar Leursace Livermors Neuonal bborsiory, uvermore, CA. '

Wednesday ARensuon, November 28

America South (W) 9 00 A.M. W '

REPAS$fVATION METHOD TO PREDICT LONO TEAM D(TEORTTY
2.00 P.M. W OF LOW ALLOY TrTANIUM USED FOR NUCLEAR WANTE

HEAT PIPE EFFECT ON THE TRANSPORT OF GA$EOUS PACKAGE, Shigeo Tsubkama and Yokhi Kong, The Uruvenity of
RADIONUCLIDES RELEA$ED FROM A NUCLEAR WASTE Tokyo, Matenata Soence Deparuwnt, Tokyo, Japan.
CONTAINER, W. Zhou, P L. Chambre. T.H. Pigford, and W.W. L. be,
Uruvenny of Califonus, Berkeky, Departmers of Nucleat Enguwenng, 9:15 A.M. W
Uruversuy of Califonus and heretice berkeley Laboratory, Berkeley, CA. HYDROGEN EVOLUTION FROM CORRO510N OF [RON AND STEEL

IN [KrERMEDIATE LEVEL WA$TE REPO$rTORIES, R. Orsuer, l'eul
2:1) P M. W $sherrer insututa. Vilhgen. Switurland; B. Knuht N AORA. Nuclest

RELEASE AND TRAN$f0RT OF GA$EOUS C 14 FROM A NUCLEAR Technology Depanment, Baden. $witurland; P. Knia and 1 P. Sirnesnn,
.

)WA$TE REPO$fTORY IN AN UNS ATURATED MEDIUM, W.B. Oght, Sular innotes ud., Wintenhur, $witurtand.
E D. Zeahlen. T.H. Pigford, P.L. Chambre and W.W. l.. be, Uruversuy of

;
Cahfornis and Lawrence Berkeley bborsiory, University of Califonus, 9 45 A.M. BREAK
Berke':y, Depanment of Nuclear Engirwenng, Berkeley, CA.

10.15 A.M. W
1.30 P.M. W ENVIRONMENT AL EFFEC *r$ ON LOCALIZED CORRO$lON OF

V/ASTE STORAGE IN THE VADOSE ZONE AFFECTED BY WATER HIGH LEVEL NUCLEAR WA$TE CORTAINER MATERIALS, Ouaievo
VAPC7. CONDENS ATION AND LEACHINO, LW...Carv. 0.W. On, Cregnnhno, Narssi $ndher, Southwest Reasonh Institute, Conner for
Batri>Ps sfic Nonhwest bboratory. Geosciences Depenment O. A. Whysti. Nurnear % este Regunniory Analyses, San Anioruo, TX; and Waker J.
Battelle Me sonal institute, Wnia Technology Center, Richland, WA. Machowski, Southwest Reneersh inautute, San Anioruo, TX,

2.43 P M. W 10.30 A.M. W
AQULOUS Dif FU$10N IN UNS ATURATED MATLRIALS, Jemt L THE CRTTICAL CONDfTION FOR THE INITIATION OF LOCALIZED
C.sa, Washington $ tate Universay Tn Ciues, Environrnental Scunces, CORRO$10N OF MILD STEEL U$ED FOR NUCEAP WASTE
Richtnd. WA; Judith Wnght, Pacific Northwest bbortiory Richland, WA. PACKAGE, Oen Nakayama and Moutsune Akeahl, lahikatehma Henma

Heavy indusines Company, Lad., Rcesarch inautute Tokyo, Japan.
3 00 P.M. BREAK

10 45 A.M. Ej
3.30 P M. !%$ CORRO510N PRODUCT $ AND MECHANISM 1IN LONG. TERM

DEMONSTILATION OF A SYSTEM PERFORMANCE ASSES $ MENT CORRO! ION OF COPPER ALLOYS, M.B. McNeil, Naval Cosatal
PROCESS K W. Donnuth, AECL Res+anh Whituhell Laborunnu. Systems, Systems Center. Panama City, FL. and BJ, Little, Naval
Manitoba, Canada, Oceanographic arid Atmosphenc Reasatch Laboratory, NSTL, MS,

4.00 P,M. W 11:00 A M. W
IRELIMIN ARY MODEL OF REPO$rrORY CHEMISTRY FOR THE EFFECT OF COMPACTED BEKrONrrE ON THE CORRO$!ON
WA$TE LSOLATION PILOT PLANT. L H Brush, Sandia Nauonal BEHAVIOR OF CARBON STEEL AS A GEOLOGICAL ISOLATION
Laborstones, Albuqurque, NM; D. Orbic Onlic. Stanford Uruversay, OVERPACK MATERIAL, A Honda, T. Tenhima. K. Taurudome. H.
$tsaford, CA; D.T. Reed, Argonne National Laboratory, Argonne, LL; X. lohikama. Y. Yuna and N. $asaki, Power Reactor and Nuctor Fuel
Tong, Stanford University, Stanford. CA; R.H. Vreeland, West Chester Development Corporsuon. Ibarski, Japan.
Umversay, West Chester, PA; and R.E. Wuterman. Pacific Nonhwest
Laborsiory, Richland, W A. 11:15 A.M. W

CORRO310N OF COPPER B ASED M ATERIAL3 IN 1RRADIATED
4;15 P.M. W HIGH.HUMIDrrY AIR $YSTEMS, QT Rrrd, Argonne Neuonal

ON THE I AOBLEM OF CON $1STENCY OF CHEMICAL Laboniory Chemical Technology Division, Argonne, IL; and R.A. Van
THERMODYN AMIC DATA BASES. Hans Wanner, OECD Nuctor Energy Konynenburg, Lawrence uvermon Nauonal Labontory, uvermors, CA.
Agency, Data Bank, Gif-sur Yvette, France,

11:30 A M. W
4.30 P.M. W STAINLESS $ TEEL WELDS LN CONTAINER $ OF NUCLEAR WA$TE.

QUARTIFYING THE EFFECTS OF UNCERTAINTY IN T M..Demt, University of Califonus, Berkeley, Depenment of Meienal
THERMODYNAMIC MODELLINO, J.M. Bealby, A. Dawes and D. Raad, Scanse and Mineral Enginunrig. Berkeley, CA
W.S. Atkins Engineenng $4iences, Fluids Depanment. Eponm. United
Kingdom. $fl$10N PO- |WEGRO ED $YSTEMS

Chair: John Bates
4.45 P.M. Eg 1hursday Aftemoon, November 29

A NOVEL CONCEPTUAL MODEL FOR THE FLOW AND TRANSPORT Amenca South (W)
IN FRACTURED ROCK. Aimo Heutojirvi, Yeako Taivoimato and Seppo
Vuon. Nuclear Engineenng bborsiory Techrusal Research centre ef Finland, i:00 P.M. ',N
Helsinki, FinterA KEY PARAMETER $ OF OLA$$ DIS $0LLTrlON [N INrEORATED

SYSTEMS. Edenne Y. Vernar and Nicole OoJon. CEA.VALRHO,
Department DPRISCD, Bagnote-sur Ciu, France.

1:30 P.M. 29J
| NEAR FIELD PERFORM ANCE OF THE ADVANCED COLD PROCESS
t CANISTER L O. Werme, $KB, Stockholm, Sweden; and J P. Salo, TVO,
| Helsinkl. Finland.
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l.44 P.M. M
8'lHg ROLE OF LAlbORATCOY ANALDO EXPEA! MENT $ IN A13E181NO,

THE PERPORMANCE OF WASTE PACKA!E MATERIALS. I C C*"-
'

.
and J.K. lisma. Arposue Notaonal Laboronary Argonne. IL.. ,

2:00 P.M. W
ACTINIDE TRANMT IN TOPOPAN SPRING TUFF: POKE SIZL.
PARTICLE & LIE. ANL O!FFU$10N.Mari!*n authhnha ten krink. Lamrome
Uvermore 'ertsonal saborery. Eenh kTmu Depennum. Lvenwn CA;
Dou,*,.4 L. Phinney, n awrone Uvormnre National Laborotory. Nuctur
Chenuetry Depennem. Uvermw, CA and DevW K. Snuth, Lemunco4

- Uverron Natsorel Lalorstory. Xanh $cumes Depannwnt. Uvermon. CA.

2.15 P M. t!.J
CAS FORMATION IN A HLWl.EPO$rrORY. EVALUATION ANDs

MODELLING OF THE PRODUt TION RATES AND CONSEQUENCES ON
THE SAFETY OF THE REPO$f f0RY. Francois hesnus. CEAllPSN/DA$,
Fonuney-aut. Rooms, Frames ont Spyw Voins. CEAIANDRA. Fonteney. sus.
Rows, Frome.

2.30 P.M. Cf )
PARAMETRIC stMULATION OF AOCK $ ALT BEH AYlOUR RESULT!NO
FROM Di$POSAL OF H10H LEVEn.? ADIOACTIVE WA$TE D.
Carsmelle, Mt Oeude CEA. Saclay, inrwe; J. Monia. OSF Bnunschweig.
Germany; O. Cnazounian. Andre /Desi, Foniecey Aus Rows. Fnme, and O.
Simoret. CF.A For IPSN/D$MN Fonienay Av. Rows. Frome.

2 4$ P.M.' ty !
' EFFECTS OF ALPHA AND OAMMA RADIATION ON UNSATURATED
REPOSTTORY ENVIRONMENT, johti E Youns 6nd John K. Bates. Argonne
National Laboretory, Argentw. IL.

3:00 P.M. BREAK
.

SESSION PIQ_1ACKf1LL
Chatri P C. Alican

Thursday Ahernoon. November 29
Anwnca South (W)

3.30 P.M. 210J '
THE EFFECTS OF MOl5TURE REDISTRIBUTION AND TEMPERATURE
ON THE LOAD BEARINO C APABILrrY OF A CLAY. BASED BACKFILL.
) C,1 Chri.na. M.N. Orey, Atomic Energy of Canada Ltd., Whiteshell
Nusteer Reneenh F4tabhnhnwru, Pitems, Canada; R.N. Yong and A.M.O.
Mohanwd McGill Univeisity. Geotechnical Rewarsh Centre, Montreal.
Canada.

|

3:45 P.M. f,Utj
_

COMPRES$TVE BEHAVIOUR OF CLAY. BASED BACKFILL UNDER
LARGE HYDRAULIC LOADINO, H T. Chin and K.C. Lau. Ontano Hydro,
Civil Research Depannwnt. Tororvo. Canada.

4:00 P.M. [10)
APPLICATION OF ELASTO. PLASTIC MODEL TO MECHANICAL AND
HYDRAULIC BEHAVIOR OF BUFFER MATERIAL UNDER WATER
UI'TAKE IN A REPOSTTORY. T. Fujita. L llagg, Y. Yusa. N. Sauki,
Power Reactor and Nuctor Fuel Developnwnt Corpontion, Ibanki, Jaren.

4:15 P.M. 21QJ
. HYORO THERM AL PERFORMANCE OF AN ENOINEERED CLAY

BARRIER, A.P 3. Selvadurai, Carleton University. Depannwnt of Civil
Engineenng. Ontano. Canada.

4:30 P.M. 2.1QJ -
DEVELOPMENTS FOR IN SITU TESTS ON COMPACTED BENTONrrE.

. BASED BUFFER MATERIALS. B.H. Kiinarson and M.N. Orey, AECL
Reen ~ 'h, Manitobe, Caruda; and B. Pulles, EBA Consultanta, Albena,.

Canada.

.
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PM Yne ettetse sampit e ers basattte nyatoettetttse with so e
ranging race teoo y3$te to 3.a py, cott$cted in tns HIrgths

Ovstvilrw et Ch:rnicil Mrd: ling cf Nucl:ar Wats Glass Dis- ana uvesests arns, teotand. tney were antsras in avoittactet

solution Willh L hurciar L:wrenes Liv:rmore N lionti L btra- or teerte condittene at temperaturse etoss to o'c. tait tet
*

tory I 319, Livermore, CA 94550 soluttone were very attuted, neutrat to -enty aese and osy-
, eastne, tne nyatoclastates are e.aos or attismetr$e grains or*

The various mishanisma proposed to be rate-limiting for borosilicate etase outrounce4 er an atterasson rim apatagonatei and ee-
glass dissolution fall into three broad categories: (1) t.rmoring anJ *ented by $ntergranutar materiate,

diffusion limited transport of constituents through a surface precipi. "" * ' " " " ' * ' ' " ' * * " * * ' ' " ' '""
Lite; (2) surface reaction rate control dae.to dissolution affutitY of the

""
''**'."in es'es maae up or'ematt ect ts te paritetoe tant-s tr.e sr

glass or an altered last on the glass surface; and (3) diffusion through te to row toyere ,ntie intergranuter matertels whicn appear
a leached layer. Recent experimental results it.cluding NMP. spec- tra tataised by x ray attersetton are co poses or weit =-
troscopy of hydrated surface layers, dissolution rate meuurements b P'"d***d''''''****'''***''''"'

** '" " ' ' * * ' ' ' ' ' ' " " ' " * * " " * * " " ' ' ' ' ' ' " " "
dissolution testa are cv Otent with surface reaction contrsIh giusnerally htyner tnen tne intergranut*,r material ones. ''' "*D O solutions, and u well at closed. system and Bow .4rort

3. x....tn, , .. .t.nt 5,,, ,,ntent ,e cateolate, an 4:, ot,.

'"''' *"' "' ""' *m tenoue socordary producto to'' "88

$ Y ,"**e"f tY$tto $t$f,"oYe)MWels of glass dissolution incorporating surface reaction rate con.
"'

tt:1 have been successfully applied to gius dissolution expetimen. n n,,

tal results, la particular, the work of Grambow. Model reanementa t>e n.qtected, we .sy conctuae snet ene enitenaient in as: in

are elmed at uaing experimental results to provide model pasameters amorenous materiet to in f act relat tve, =nen coneiaertog sne

rath r than obtaining the parameters through regression of glass dis- ""'''"***''"P''d*****

solution r;sults. Future experimental and modeling work should be no,,,,,,, ,t, i., ,, ,,,,,,tt,,te ,t ,,,, ,tt,,e t, ,,te,

timed at providing deEnitive proof of the surface ruction rate control nave eno.. taai aeiinica. <ine anatoge or nion are in. neri

mechanism. Simple experiments should be performed that isolate spe. are trapped by amorpr.ove aiseratten rtae. an incresee or sne
cific effects such u glass composition, pII, and solution composition, ''"''"'"'Y'' " " * " ''*' """"'**""l''''P***"''"'

" " " * " " ' ' ' ' ' " " " * * " * * ' " * * * " * " " * " ' " " "
while holding all oti.ar parameters constant. Con 6dence in our abilitI " ' " " 'stt reteetton espacity or amourpnous atteration pro *rar as
to make long. term predictions of glau performance in a nuclear waste eucta to eer oester snan crysian n4eed producte one.

repository critically hpends on accurate knowledge of rate limiting
dissolution mechanistas.

Pl.4

W;th performed under the auspices of the U. L Department of Energy Olhce of I.hERAtuu4AL ltdNML AND COMPOSITIONAL DATA ON
Civiliam Wasta Waattement, Yucca Mountain Projan O&e. by Lwrence Liver. 1HE ALT 6WCd OF GA$AlllC GLASS FROM KILAUEA, HAWAll
more National Laboraaory under contraas W.7405.ENO.4a. TO M00'C: IN$1GHTS TO THE CORAOSiON OF A BOROStuCATE

OLASS NASIEJORM MM K Mp. L awrenco Uvermore fictiona:
1.ao?rfl62 /, Levenboro CAWSO

Pl.2
Srwua., a tr c nyuepinairw a. tera'on of porpt.gotic tasalt (St wtw 40.)

ENHANCEMENT OF BOROSILICATE GLASS DISSOLimON bY SILICA g i,w g; ., J ,Aj er.nea circuiawig at opptn throogn tne East Ritt Zor e.
SORPTION AND DIFTUSION IN COMPACT'S DENTONITE A MODEL K,4uea riamm my os ir.o.cative of alteraton mineralogies expectec
STUDY. Enzo Curth Paul Scherrer Insutut. Villipn and Wtirenlingen. Switzer. durcg surfu rent.cn el a coresincate glass wasto torm. This
land; anti Paul A. Smith. Paul Scherrer Insutui. Villigen and Wdrentmgen. "veten domeoli tt s svacence ot s econdary phasss pre cuevn by
Swuzerg" u.a 44rsinn ct casu the text res or thwse const'tuems aN

s .4oma.voal Jata. Tr.e iGF!m osep MGP A geotr.ermalwee penettt.tst
Expenmental evidence indicates hat glass corrosion rates decrease pro 1 onion * n an e r.c vi glawfLeit> maaied oy 9apor and fluios of varid!Ae satintly

g Cd , h topt.0 Quicas. SEM. xAO and esecucn protse anar/t. t of
ally with the increue of silicic 5 d concentrauon in the soluuon contaNag the

aavicts..e 4,r .sampes co%rm the down hoti progression 01 inc
wr ,, cuu m

nce fro:ti 1; interminent pd44snue to 2) smectiteglass surface. A minunam cormston rate (L,u) is' reached when the solu' ion
becomea satursted with respect to amorphous SiOr In a repository where the mWth wNe to Won.t6) to 3) nuxed chiorite:s nectita chinri's to 4)
witrified waste form i; sur:ounded by compacted bentonite. the silica dissolved 80'''M'W ha.hNe - ectinohte epidote and anhydrito at tot 3l cepth.
from the giass will diffuse into r.he port solution a..d concentrauon gradients 44 .G nn Auw.cas We Wt Wmped in kactures aM
will be estabbshed throughout the backnit matenal. The silicic acid concemra. nwe v. hare zu.; onces y minerohr grow in rinds in excess of 100 mictons

trnck especisonove ieovten surfaces exhibit tne inward growin of an
tion at the glass-bentorute interface, and thus the glass enrrosion rate. will then ;,.6 niaq,n frr. v.*in me s' ass matrix: paldgonit6 superceuad b r F6.i
be diffusion contmiled. Moreover. capenmental work suggests that signi6 cant . o. i6 ..uy s at nigh ternparature, ampn. Dole frt.c' n or.

sorpuon of silica by clay mmerals in bentorute may accelerate glass corrosion.
'. .. m.s ?swovolliuio circulation ano alteration. inst an0ui

u e
*mA sunace alteiauon layers rnirrec tnat of a $4166u - r.

A model desenbing glass corrosion coupled with diffusive transport and sorpuon y j$$ ',',h*[iQnWY r o
of silica in bentorute has been developed and iry tporated in a FORTRAN 3 sLw S,A ceploico pelaave lo tne tresh glass) front preceding tne
computer code (O!.ADIS). The model assumes: (a) a linear Isotheim for the mNs, aci i.on rinc Juang growtn into the glass matrix The high

j. sorption of silica (Ko). (M time and space invanant pH. temperature and tonic iwimtua e & i(! swe cherristry of IMas and vapor variably deting on an
i strength. (c) proponionality between the quanut) af silica precipitated and the .e. trope pu tay cry atahine uasalt cetract from MGP A as a constrt.inec

| amount of glasa dissolved and (d) cylindncal geometry. Preliminary calculations nnalog Aawev e,, cocu.nentahon of atteration pMse s and thair consMuent
for unfractured glass, assiuning no silica sorpuon cv the bentotute, mdicate that 14 Arc 4M conWMn iw be d utq in assossq moes ofi

| a stauonary state is raptoly reached in which the silica concentranon at the glass- D "O ** N # 0

| bentonite interface is lower than the satursuon ca;ncentrauon. This implies that
the glass corrodes at a more rapid rate than L,c (L., ~ 6.L,u). If moderate silica Pl.3

3sorption is assumed (Ko = 0.5 m kg-'), the attainment of stauonary condtuons
THE IMPORTANCE OF SECONDARf PHASES IN GLASS CORROSION.,

| is deityed by the removal of sdicic acid from soluuon and the average corrosion W1111am I,. Ebert and John K. Bates, Argonne National
rate is funhet increased by a facts ~ 2- [acoratory, Argonne, IL 604'J 9.

pu The durability of borosilicate glasses in the hydro.
logically unsaturated environraent anticipated at the

mA'.a rARTH ELgMgNTs SCHAV!oR oVRINC ALTERAT!oN of eAsALTIC proposed TUCCa Hountain repository site must be
otassasi case or THf WIATHERINn or fetLANotC HYALOCLAsTITEs. suf flClently Well Understood to project possible
Daux 1 , crovteAer J.L., c.c.s., straineurg, rai and pette radior'uclide release rates over very long time periods.
J.c., c.t.A., s eso/t.ECALT, Fontenay=an Hoses, FR. SUCh an r;nVjTonmert is not Well represented Dy typICaI

470

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



- -- . - . - .- .-. . - - - -- - - - -

*'
leaching tests using large volumes of water. Experiments polished sensliths. A significant isotop3 offect,
in a stese environment wherein the volume of rater as consured by the ratio og ICach ratts, Rm/R
available fer reaction is restricted to a small amount of was (cund at all S/V retics and reached valu:s,3,.

as
condensed tatu have shown the rate of glass reaction to larg3 Gs 360%. Our data yiold dif forcnt valuss for

.

in the diffusion, matrix dissolution, and', accelerate upon formation of secondary phases. The R, ./R,$1onsecura dominated regimes with the largestinfluence of the secondary phases is through a decrease''

in the solution concentrations of major glass species effect in the middle stage. Large values of Rm/Rm
which increas:s the affinity 'or glass dissolution. The would be characteristic of primary or secondary
solubility products of the secondary phases which form kinetic isotope effects suggestive of a bond break-
control the solution chemistr> and so the glass age involving hydrogen being involved in the rate
dissolution rate, and identification of these phases 15 determining step.
necessary to project the behavior of glass waste foms
over lang times using computer simulations. An

Ptsexperimental techn1Que is described which accelerates the
glass reaction such that secondary phases are produced amousts or APT 7 NUCt. TAR WA$TE Ct. Ass 9 OtWTs Mt0tA; etcustp3 y,g
af ter only a few days of reaction, and associated einsowtton utts As a rvuetton or en.
solution concentrations are measured. A correlation ,, , , , ,

between the experimental results and the glass modeling 1.>ctA/CtM VatMo, sDwstnC. neruste 3020$ SACNot 8/Ctti twet

effort underway by the Yucca Mountain Project is shown. <*>Ces tnetitut e. outosa, I ru stesets 67000 sinMmac n.Ames

Work surported by the U.S. Department of Energy, Of fice
of Civillan Radioactive Waste Management, Yucca Mountain tus tore .utes et natur vnte sten corresan titu reutus
Project under subcontract to Lawrence Livermore National annatese ne euntutun ute uurnutuu. An upertunten et.4, ne

Laboratory, SANL 910,005. car. ries out,we tas, sFTP nua test weste stees ,one elet t,tled wate,r en,the o,ne3.,e, ,rge ui,t t eu . gn rius , utu, ,,, ,a , I ,, ,
etut hone. Att emporteemas were sensueted at 90'C. in attute meste uA/v
+ to n.1) ane f ar free estutetten with restest to the stees. in erser to

Pl.6 ustui tu etttatty tere et the tenevas senerat hautu retuten .

THE ROLC 0F SURFACE LM ERS IN CLASS LEACHING PERFORMANCE. v - es/et e e e . = . < 1 e "a 'ms

J. K. Bates, Argonne National Laboratory, Argonne, il vure e a tu unna uneum, e m pese a m en egen ... m
60439. preta utivniy one a the r e se t ten see t tle tent; A to the ettntty

ters, R the see eenstant one T the toepeesture.

The mechanistic assessment of glass reaction processes **'"'"'""'84 '" t sn. sons t e t te: an regular selvsten essening en
with mater requires the assimilation of data regarding $|,'|*|,,L"*[*8,**II *I1|"c,'',9 ||"*[|g[*, ,j*g", ",L,",',' q'd8 "'

, ,, , ,
elements released to solution plus the structure of u t tten ,ni

reacted layers that remain on the glass. Recent advances in otettiled user, stan Huetettu to ututtn ene ao heyes,

.ID," ,|"","j'* [ ,"'," L"'|'L",|"y.y"** '"* '" * t '"* "l** t'ajin analytical elactron micrwcopy provide new insight
into the role ci surface liyers in glass reaction, an una mene, pus cantona naine unutta ever et tout n
[xamples are given where layers, consisting of individual eere, the tortur innansrway unna the res.it er the etteietten pree.ct
bands, form, remain attached to the glass, and 'e'""su rue en As u L the stesetussen rete to tutte pn.

M* U'",; eau .restructure into crystalline phases. These crystalline , pue ces.htun u enmu. ora tree su men -

phases may include actinide elements and thus the layer er the se erteente, the stese etisetutten este verte by a rester ts
acts as a barrier for release of selected elements, benen en 7 pe to.

{||',;"||''[",, ,'ljv ,"ou"O". 5**m ""O' d ' h b *UOther examples are given where the layers form only
loosely attached to the glass, with a solution gao nuun uso p. 4 use, pte,en au,
forming between the layer and the glass. In this case,
the layer can be detached from the glass during the
leaching process which af fects elemental tra'isport Pl .9
through a repository environment, plus further reaction

TECHNICAL BASES FOR THE DWPF TESTING PROGRAM.of glass. The effects of layer formation are discussed .

in the context of varying SA/V and for conditions of M. J. Plodinec, Westinghouse Savannah River Co.,

vapor and standard leaching reactions. Aiken, SC.

The Defense Waste Processing Facility (DWPF) will
Pl .7 be the first production facility in the United

States for the immobilization of high-level nucle-
HECHANISTIC EFFECTS OF DEUTERATION ON THE AQUEOUS ar waste. Mohdon of DM canistem waste
CORROSION OF . NUCLEAR WANTE CLASSES. KmF_tIL11, L. forms will begin prior to repository licensing, so -
Fu, I. L. pegg and P. B. Hacedo, The Vitreous State that decisions on facility startup will have tv be
Laboratory The Catholic University ' of America' made before repository licensing. The Department
Washington' D. C. 20064. of Energy's Of fice of Civilian Radioactive Waste,

Management (RW) has addressed this discrepancy byIsotopically labeled water has been utilized by defining a waste Acceptance Process to provide
several researchers to help elucidate the glass reasonable assurance that the waste glass produced
dissolution mechanism in aqueous media. However, in the DWPF sill be acceptable for permanent stor-
most of the results have been obtained with simple age in a federal repository. As part of this pro-
silicate glasses and have utilized low surface to cess, detailed technical specifications have been
volume (S/V) ratios and relatively short time developed f or the DWPF product.
scales. In this paper we report the results of an
extensive study of the leach behavior of the pre- SRS has developed detailed strategies for demon-
liminary West Valley nuclear wasta glass composi- strating compliance with each of the specifica-

|
tion, WV205, in deuterium oxide using multiple S/V tions. An important part of compliance is the
ratios at both short and long times. The WV205 testing which will be carried out in the DWPT. In
glass was leached in parallel _ in both ordinary this paper, the bases for each of the tests to be
deionized water and in deuterated water at five S/V performed in the DNPF to establish compliance with
ratios (20, 100, 200, 2000 and 10000/m) at 90*C the specifications are described. The initialunder PCT (the SRL-modified McC3 procedure) condi- tests, those relating to characterizatier. of can-
tions with sampling at 1, 3, 7, 28, 56, 120 days, ister closure welds, have been used to define an
and four times annually thereafter; the tests will operating window for weld closure parameters. In
continue for several years. Initial rates were addition, product control tests using actual radi-
Asolated by. measurnments at shorter times with
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nactiva waste in small-scale equipmsnt, and using
* tIlmulated wasto in enginS3 ring acale equ1pment Goochronologista have tnown tor tnoro than two decadoe that the whose-cock Rb. -

Sr system in feine tufts commordy fats to paid accurate crystallization ages. TNs -
givo confidance that tho testing program will open-system behavior a pnrned oy dagenetc tyfreuon of vescarve giass and
achieve ita gcals. formation of socorcary menerals such as teoises and clays Subsequent loss or'

redistnbution of radiogerve "Sr is facuated by recrystaitizabon, new mineral
,

growth, and dowatenng of the volcanc pde all of which may accompany
Pl.10 6ncreasmg temperature and pressure dunng prograde metamorphism. Because

THE EFFECT OF SAMPLE PHSPARATION METHODS ON GLASS of its sensitMry to hydration /dehyoration and mineralogical reacnons, the Ab Sr

PERFORMANCE. H. S. Oh and V. M. Oversby, system *di be of partcular value for assessing the timeng and extent of post open.

Lawrence Livermore National Laboratory, system behavtor in the leisc tutte at Yucca Mournasn at bcth the mheralogc and
Liver 1nore, CA 94550 bulk rock scales. In contrast, the SmNd system ts cur ently considered rnore

robust dunng afteration events and wil and in d#ferentaung pnmary and secondary
The composition of aqueous solutions used in isotooc vanstions 6n these falsc tutts These cata we be betrM in proactog the
vaata g1aaa testinq has been shown to haye a pertormance of the e rnass and in assonng tM pomor near tw em
strong influence on the leaching behavior of the mobuy irrtuced on undertying teoute zones by the expected thermal loading of
glasses in shvrt term tests. Data have also tM repW

suggestud that cample preparation methods,
because of the resulting variability in glass PL2
surf ace area, influence the results of short term
testat however, this phenomenon has not been NATURAL. ANALOG STUDIES TOR PARTIAL VALIDATION OF
studied in a controlled manner. It is also CONCEPTUAL MODELS OF RADIONUCLIDE
possible that both surface preparation methods RETARDATION AT Tile WIPP
and chemical composition of leaching solutions

D. B Ward and D. G. Brookins. University of New Meuco, and M. D. Siegel
; coule affect the nature of the alteration layers

y that develop on the glasses. If different and S. J. L.ambert. Sandia Nauonallat>oratones silin Anuquerque. NM
assamblages of metastable reaction produeva form Transport by groundwater within the Culebra Dolomite, an equifer

'

on the glass surfaces in leachants of different
chemical compocition, the influence of the above the Waste isolation Pilot Plant (WIPP), is the most probable
solution composition might be long-lasting. mechanism for long.terrn release of radionuclides to the accessible

We conducted a controlled experiment to groundwater is exposed to sufficient amounts of fracture. lining clays.
investigate the effacts of sample preparation In this natural. analog study, distributions of U and trace metals have
method and leaching solution composition on

1. The release rate and total release of been examined to constrain the strength of clay / solute interactions
within the Culebra,glass constituents to the leaching solution 2.

* The morphology of the surface layer development
Factor analysis and mass balance calculations suggest that Mg. richon the astered glasses; and 3. The chemical and

phase composition of the alteration layers. clays dissolve in Pleistocene. age groundwater and/or are converted to
Na. rich smectites, and that B and Li are taken up from the water by

This report will focus on the first two topics. the clays. RbiSr ages, however, imply long. term stability of the clays.
Results of surface layer characterization will be with resetting eccurring >250 Ma ago. Apparently, the solutionreported in a separate comn'unication.

chemistry reflects gradual equilibration of clays with groundwater, but
thus far the bulk of the clays remain structuraily intact.

Pl.ll Uranium sohd/ liquid distribution ratios, calculated from U
THE (|$E OF PARTIAL-REPLENIU0 TENT TESTS IN MoDELING THE LEACH concentrations of groundwaters and consanguineous fracture. filling
BDIAVIOR OT CLASSES, AA. Barkatt, S. A. olstowka, W, clays, range from ~80 to 800 mflg. The distr:bution of U in the
Sousanpour. T. Choudhury. Y. cuo. A1 Barkatt. arid R. Adiga,
The Catholic l'niversity of Amor(ca. Washington. D.C. Culebra can be used as a natural analog for actinide behavior only if

the inert and exchangeable components of the U content of the clays
Experiments intended to characterine the effects of the can be quantified; these are being determined by selective extraction
parameters of partial-replenishment tests on the test results techniques combined with detailed mineralogical studies,
show that the effect of the magnitude of the exchanse volume
of fraction, for fractions of up to 0.25. on leachate con. Sponsored by the U.S. Dept. of Energy undcr Contract No. 0E.ACol 76.DP00731
centretions becomes ltatted within a few months to ,101.
The results also show that leachate concentrations recover pgwithin one week after each exchange e* 901. These resulte
facilitate the use of partial-exchange test data in RADIONUCUDES IN HYDROTHERMAL SYSTEMS AS INDICATORS OFquantitative leach modeling. REPOSITORY CCNDITIONS. H A W+he and S. Flexser,

Lawrence Berkeley Latcratory.1 Cyclotron Rd., Berkeley CA.
p7: 94720.

ASSES $1NG THE NATURAL PERPORMANCE OF FELSIC TUFFS AT YUCCA
MOUNTAIN USING THE Rt>St and Sm Nd SYSTEMS. IclJ E Peteman, Kiyoto Hydro-geochemical proceses must be understood if the movement of

Futa, and Richard W. Spengler, U.S. Geological Survey, MS 963. Box 25046 DFC, radioquelides away from a breached radioactue waste canister is to
"' be modeled and predicted. Hydrothermal systems in tuffaceous and

older sedimentary rocks contain evidence of the interaction of
if Yucca Mountam. Nevada, is selected for development as a nuclear waste site, radionuclWes in fluids with materails lining fractures, in settings
ietsic wooded tuff of the Topopeh Spring Member of the Mccone Paintbrush Tuff that are somewhat analogous to the candidate repository site at
wel host the repos4ory. Because the geologic system la the final bemer to the Yucca Mountain, NV. Earlier studies encompassed the occurrences
release of radionuclides to the ermronment, understanding past element mobdey of U and Th in a " fossil' hydrothermal system in suffaceous rock of
in the host rock and undertyng unas le essential for prodleting tr,e future the San Juan Mountains volcanic field. CO. More recent and ongoing
performance of the rock mass. The distnbution of depth 4eperu3ent Zones of stud 4s examine active hydrothermal systems at the Long valley
dingenetc arteration in the tuffs desenbed by Broxton and omers (1907), provide caldera. CA and the Valles calders. NM. The occurrences of U and Th
the alteration frarmwork for ongoing isotopsc and trace element s!Udes of the in fractured and unfrnCtured rhyolille tuff that was heated to
Topopan Spnng Member and 060er volcanic unas at Yucca Mountain.

simulate the introduction of radioactive waste are also under
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inve s tig ation. In these stuQies high.rtsolWlion gamma gleying conta4n much less utentum. Messbauer spectromstry
spectIometry and fission track radiography are coVDled *lin suggests these iron osides are m&stures of gostnite and

atteration mineralogy, stable.isotops ratio ferrthydrite. The estractable iron was from 5 to 30s of

* $ *tblervations ' ofmeasurements, and thermat profiles to oeduce the evidence of or the total tron. Uranium in bulk samples vos significantly
propensity fot movement of U and Th in response to ine thermal correlated to Li, No, K. Ca. 71, Mn, Ni, Cu, in and Rb, at

the 12 level of significance, using 28 weathered rock''9'*'8*'

samples, Iron and uranium were not significantly
* * I I* I ' ""Observations to date suggest that U is mobile m hyorothermal

systems, but that locahsed reducinDnvironments otovided by
Fe. rich manerals ano/ci carbonaceous material concentrate U and
thus attenuate its myration. U0

STUDY ON ROL.E OF 234TH IN URAN!UI SERIES NUCLIDES
91GRAT!CN. Toshthtko Ohnuki, Japan Atoele Energy ResearchD
Institute. Tokal, !barakt. Japan; Shoji Watanabe, Mitsul

TEMPORAL CHANGES IN URANil".1 SERIES ISOTOPE Knostedge Industry, Tokyo, Japant and Takash! 9urakeet,
CONCENTRATIONS AS A TUNCTION OF FLOW CONDITIONS IN Japan Atosic Energy Research Institute. Tokal, Ibaraki,
DIE SSSDP WELL, SALTON SEA, CALIFORNIA. Bret W Ledie. Japan.
Dou tas E. Hammond, and Teh. Lung Ku, University of Southern
Ca ornia,Los Angeles,CA. The role of 234Th, a daughter nuetide of 238e haygn, ,.

half life of 24 days, in sitration of uranius series
Naturally occurnng radionuclides produced in thc 238g, mU and 232n nuelldes has been studied by using a mathematical sodel,

Idecay senes have been sneasured in 300 oC bnnes from several now ,.,"g oe " [23"8"U than tog U. In the sodel se assutests, spannmg three years, of the Salton Sea Scienufic Dntling Project that Th was adsorbed at two different adscrptton :Ites'(SSSDP) well. Actwices (pCiAg) at the inical flow test of the well were
22:Rn' (960), MRa (990),22sRa (505), WRa (455), L3Ra d),210Pb a loosely edsorbed site and a tightly adsorbed 8ite.

(1470). and 212Pb (1015). Alpha recoil. mineral dissolution. and the high The calculations for up to one sillion years af ter the
solubility of radium and lead in these chionde nch bnnes (130,000 ppm

dIscharce q* ve g3ec and those of gTh/gU, when *gTh
pos1tive re1atto tp eeen act ty

Cl) all play a role in maintaining these high concentrauons. In contrast. ratlos of 40/+ "
isotopes of U and n are 2 3 orders of magmtude lower in concentration, was assumed to be fix d to a rock, indtratint

s e t,34the
re0ccting the lower solubility of phases containing these isotopes, the 8sigration velocity of 0e larger than the 0,
rapid sorption of these elements from solution to solid phases, and A large rate constant of the "y4Th fixation pa

terce differerge in sobiilty toteeca 0gN o hgveg
absence of ligands capable of complexing appreciable arnounts of these a g,
elements. Models have been developed to quanntanvely calculate rates of Therefore, the + 4Th f1natton can in roduce the i:aarent

delay of the stgration gocity of *}J4 ,exchange between bnne and rock. 0 and dit erent
rate constants of the Th fixatton can control the

Following the first flow iest (12/85), the wc!! wu deepened and sampled difference in sob 111ty between NU and 234 TheU
dunng a short Cow test (3/86). Radium and uran.um concentranoris were calculatyns assusing the only one loosely adsorbed site
Inwer by a factor of two during the second now test, while other elements for ,pe *J4 g34 adsorption gave the saae altratIon velocityT
were similar, Dunng a subsequent 20 day flow test of the well(6/88), rer *J80 and - 9
w ell. head pressure was regu|ated to change total now rates, and radium
concentrations were inversely currelated to the flow sate. The
concentrauons vaned by a factor of four, roughly the vanation in total P2.7
now rate, while well head pressure vaned only by 25% Ratios of shon.

GEOOIEMICAL CONTROLS ON URANTUM MOBILITY INlived daughteti to longer. lived parents increased m the both these tiow
tests. Diffmnces in the charactensucs (surface area / volume) of fructures CRYSTALLINE ROCK AQUIFERS. Ri*ni B WantL US Geological
that contnbute to flow under different well. head pressures appear to Survey, Golden, CO, Donald Langmuir, Colorado School of Mines,

control radium concentrations, while scaling influences .he isotope ranos-
Golden, CO; C nthis A. Rice, US Geological Survey, Golden, CO; and
Paul Bnggs, U Geological Survey, Lakewood, CO.

Approxm.ately 140 grour.d. water wells in crystalline rock aquifers from
P2.5 PA, NJ, MD, and CO were analyzed for all major canon and anions, as

THE REDISTRIBUT10N OF URAN!(St SERIES RADIONUCLIDES AT well as uraraum, to evaluate the mobility of natural uranium in ground
K0oNGARRA, Robert Edghill, Australian Nuclear science and waters. Field rnessured H values runged from 4.4 to 9.4: esumated Eh
Technology organtsation, Lucas Heiahts Research va t ranged from O to %83 volts. Modelling with PHREEQE
Laboratories, PMS 1 HENAl NsW 2234 AU$fRALIA. revealed that uraruntte or coffitute may be ncar satur20on in teducing

waters, which lirruts U concentranons to <! ppb (detection hmit is 0.05
The dist ribution -of '"U, ''U, '"Th and "* Ra in rocks ppbh However. uranium minerals an below saturanon in all oxidizing

ground waters, UraDyl Carbonate comple
thc ottdizing waters. Autoradioluxograpn,xes are the dominant U species infrom the Koongarra uranium deposit has been examined. A

s of rock samples from thesetwo. phase extraction scheme was used to estimate elements
anas show tnat uranium ss concentrated along fracture boundanes and ferric

[ in " accessible' and 'inaccessibts' phases, using a.
spectrometry and IOP.Mst bulk analyses of visibly distinct oxide gram coanngs, Because urantum mmerals att undersaturated,

:

I sones wete made using P!xt.PIcHE, DNAA and XRF. urantum mobility probably is lirtuted by adsorpuon onto ferne oxides and
lesser amounts of manganese oxides. Uratuum concentranons in the

- The secondary U -dis rsion fan of the Koonga a site is ground waters (<0.05 to 1200 ppb) are comparable to the re.ults of
I characterised by ''U "U, ' 9hl' "U and Ra l' " Th published expenmental studics of uranium adsorpnon onto vanous ferric
! activity rattos below unity in the extractable oxides in the pH range of the water samples. Consistent with the

expenmental studies, higher dissolved uratuum occurs in alkaline carbonate.I (acceesiblei phaees, and above unity in the non.
extractable (inaccessible) phases, The proposed process nch waters, suggestmg that as expected, the formanon of uranyl carbonate
for this partitioning involves an a. recoil emplacement of complexes tnhtbits adsorption. Preliminary calculations of uranyt
daughter nucleil into inaccessible phases. The patterns of adsorpuon onto goethite ustng MLVEQu show thar in low-carbonate -

waters (<50 ppm ECO ), the rauc of adsorbed: dissolved U ls greater than3the activity ratios suggest sones of different U

cmcentranons am pdcted. gtion is less, and higher aqueous uranium
10:1. In alkahne waters, adsodeposition and - leaching rates with the most rapid

ese msuhs are bponant to unperstand theaccumulation at the bese of weothering, especially at the
extremities of the dispersion tan, frugranon of uranium frem radioacuve waste repositoncs m oxtdizing

und water systems where the uranium minera!s rarely attam saturanon.
The elemental analyses show U concentrated in zones rich oxidited water fock systems. the slow escapc of uranium from a

Moed nposey may W compensated My its cond hpunin iron and/or mansanese ontdes, vnile area: showing
onto mmeral surfaces in the rock.
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,eLOV PATH MINgRALCGYt ITS (FFECT ON RADIONUCLIDE MICRATION
DIrrUSION POROSITY AND D!rFUSIVITY OF P.ADIO NUC-L' IN THg -CR03PHERg. Fennith V. Ticknor. O. Choudari LIDEs IN GRANITIC ROCKS. PART I DIrrUSION INTER iKastnent, and Tjalle T. Vandergraal, AECL, Whitoshell,.

Nuclear Research Establishment. Finava. M8.- FACES AROJND PERMEABLE TRACTURES. Veijo 0. Pirho-. , , .

non, rai rrent and Petteri Pitkainen, Technical:
Research Centre of Finland, Geotechnical Labora.:

The geological formation surrounding a nuclear fuel veete tory, Detonimiehenkuja 1, SF-02150 Espoo, Finlandi
disposal vault is an taporgot Derrier to the eigration of This paper addresses the problem of evaluation ofradionuclides to the biosphere. Field geological inves-

retardation of radionuclides in fractured. rocks.tigations in the Canadian Shield have shown that open.
veter-bearing fractures fore the main paths for potential The diffusion interfaces around permeable fractu-

res were examined by means of porosity and chemi-migration of radionuclides through the geosphere. Any cal profiling technique.
Interaction between the radionuclides in solution and the
materials in these fractures will retard radionuclide
movement towards-the biosphere. The einerals lining these Scanning electron micrographs show that the exml*

ned interfaces contain microtractures and tube-open fractures have been subj ec t to varying degrees of
like diffusion channels. These are most commonalteration over time, and. in general, are quite dif ferent within 2 - 4from the bulk eintralogy of the intact host rock, cm from a fracture surface depending ;
on a type of the fracture. Behind the interface,
the porosity and the chemical contents of rockThe variability of radionuclide sorption with mineralogy

was examined by laboratory sorpticn studies, using static reach the background level, where the diffusivityof radionuclides is in the minimum,batch techniques and petrography /autoradiography. The
radionuclides studied included fission products, rare earth

It is inferred that permeable fractures governelpents and actinides. It was found that clay alteration
j sinerals such as illite and kaolinite have a high sorption the dispersion of radionuclides in crystalline
I opacity for the radionuclides studied. Other fractute* rocks. Diffusion into the rock matrix is restric-

ted to few centimeters from the fracture surfaceinfaMing minerals such as hematite, goethite, chlorite.
epidote, gypsum and muscovite show pref erential sorption where the microscopic diffusion pathways are most

common. In this zone, adsorption s t mineral sur--lor certain radionuclides. Calcite removes some rare earth
and actinide elements from solution, while quarts shows the faces and diffusion into mineral interspace are-
least affinity for the radionuclides studied, the most important retardation factoro. Diffusion

deeper into the rock matrix is slo- and less im-w

portant compared to dispersion and diffusion inIt is concluded that variations in fracture infilling the major fractures and diffusion interfaces.eineralogy must be considered in the assessment of the'

suitability of any geological formation as a radioactive
' wastes disposal site.

P2.11

pg 9 OUANTITATIVE INTERPRETATICH Cr HALOGEN POREWATER
CCNOENTRATION PROFILES IN LAKE SEDIMENTS.

' ASSESSMENT OF RADIONUCLIDE MIGRATION IN NATURAL W- M and Paul J.' Hooker, Fluid Pro--
ANALOGUES DY RADIATION. INDUCED CENTERS IN KAOLINITES cesses Pesearch Group, British Geological Survey,

tiottingham, U.K.rw nrrmer Jon Pierm MULLrR, Blandine Cto:EL and Gearses CALAS

ogie CnstaHoltraphis. UA CNRS o9. Umvervids de Pans 6 ei 7, A natural analogue example of halogen migration-m
4 Place Jussied.M)M Pans tedea u1 France through clay-rich sediments is particularly well

documented in cores f rom Loch Lomond, Scotland,U. deposit hosied in hydrothermally ainered suffs in Mexico, together enn two where distinct distribution patteens f or Cl, Br
weamenna syuems in tropical areas 04:ernes from Brasil and Camerooni were studied as and I have been observed. The sediments consist
mural analogues of radionuchde release and migranon in the geosphers (HLNWR and "' "* # *8 0 'I 8 "

clays which cover glacial deposits. A transgrec-- LLN% R). In $hese shetauon nystems. kachaue is me main secondvy phyl80sabcate awciated

wnh more or iass iron omy bydrosides wah peiroiogical analysis. ai au scales trom that of
sion 6900 y B.P. to 5400 y B.P. Iesulted in a ma=
ritse horizon which now acts as a source for thefield to ihai of micrometer. we have disunguished disunci kaohnnei oy their locai:en. paracle hAlogena diffusing into the oldee and younger

morphology. sirmural order and subsoiuuunal von comem. Defect cemers are demonsirased in aediments. l

natural kaounnes try means oi eleciron paramagnenc resonance The irradianon ongin of these
g y4 g gg gparamagneue defeci ceniers (PDCl is evidence 4 t y amficialirndiauon (four types have been

uset trays. trays. lle ' and Pb ' ion beam implantauun)of kaohnnes represenung ddferent developed taking into account variations in the2

- formanon conoiuonohydromennat wainenns. symhem seversl eypes o( PDC (Jeugnated concentration boundary conditions and the accumu-
lation of sediments, i.e. movement of the upperA. A' and o centerss are stearly 6denuned and can be neparated wah respect io meir rviauve boundary with time. The model has been calibrated

sianihty. One ( A center)is stable our geologwal penods. Moreover. u is shown ihan defeci using C1 concentration distributions for ' which
centers in kaohnues effecovely reflect the cumulaove radianon dose. boundary condttiona can be eatimated readily,

ne poiennal use of racing radionuchde msgrauon through PDCin kaohnus has been

The model has been applied to Br and I profilesissied on the ihree low temperature saemnon syuems snidied. The kaonnnes inwesugared sho*

a osmrwant concentauon of PDC whwh corresponds to background naioral arradianon.115e using reaaonab1e aasumptiona for boundary and
initla1 Conditions. Deviationa between meaaureddifferens types of PDC detected may form a record of succesuve irradiauons of kaohnne

dirreuy haked io geochermcal condicons prevaihng dunng and aher kaolinne growi'i. Decuse
and calculated profiles were attributed to reac-tive -procea ses. Re1eaae eates from the marine

of their different thermal stabihty. ihese differrnt centers can be consuiered as formed at harison for Br (seto order 1 4 mg m*3 y9 and I
ddferent renode. This makes a umque tool (or trac.ng the dynamics uf the trinuer of (18L order: 2.5 10" y9 are deduced. Their sensi-
radionuchdes and allows ihe use o( kaohnne as a nry seesinve aaque doumeier. Decause tivity with respect to system properties, assump-
some of the geological semngs chosen for nuclear wasies are located m environmems tions over boundary and initial conditions and
comain ng hachnnes. PDC doumetry could be directly use ul to a safety assessmem of these reaction mechanjSms is discussed.
wasies-
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P212 ABSTRACT WITHDRAWN
e'' HIGH PERFORMANCE CEMENT BASED MATEPJALS FO;t NUCLEAR

FUEL WASTE Di$POSAL Pierre Claude Aitein, University of
j pyg $herbroolte. Quebec, Canada; Marl. Onofret and Malcolm N. Gray, Atomic,

*R[S[ ARCH NEEDS IN CLMENT-BA$[D WAsit FORMS * Energy of Canada Limiicd, Pina*s. Manitoba, Canada.,

E. W. McDaniel, Oak Ridge National Laboratory, Oak Ridge,
TN UB31. Cement based niateriets are being considered as engineered components of

seals for underground vaults in which nuclear fuel wastes will be isolated.
This paper, which serves as the.u ssion pacesetter, will Fornsulating these materials to provide for the specific characieristics

discuss R&D needs in the use of cement and cement based required by the host geology and to meet the workability requirements of

materials in waste immobilization. Cement based materials the engineering application oepends on a full understanding of the processes
are the oldest, most cottvtionly used and least understood and compicnities of cemeni phase hydration,
materials in waste immobilllation/ solidification, Past
approaches, ccupied with future needs in a changing Indusirtal grade portland cements can te considered to consist of the major
environment, are discussed * unhydraico calcium alumina silica phases that interact and react with water

to produce a harderied hydrated mais, flowever, the specif'ications for
industrial grade cements allow for ranges of inipurities within any one p

pg cement tvpe. Minor differences in the cuantiev and nature of these

PHASE REL Af!'NS 20 SOLUBILITY MODELLING IN THE C40. SiO * Impunises change the microstructure of the cement and, thus, feay
2Al 0 . Mg0 50 . H O MSM MR AMAMMMM innuence pedonnance in ne e Mormr. adnuatuns may be und io

23 CEMENTS.3 M ,2Atk i n s , F.P.Giasser and A. Kindness, change the hydration reactions or otherwise alter engineering properties.

Otpartment of Chemistry University of Aberdeen. Scotland. Similarly, supptementary cementitious rnaterials may be used to enhance ibe
long4ierm prformance of the hydrated product,

Cefhent blends are likely to form a large fraction of the This paper presents a discussion of those aspects of cement hydration that

material s in the near field of planned radioactive are affected by the specific pouolans and admixtures that allow for the

repositories, Being Chemically reactive (sl19htly soluble), production of high performance materials. The effects on microstructure

their effect on r' ear field Chemistry Will be very marted, and performance , ire emphasued. Daia are pretented to show itiat, despite

Predict ions of nuclide migration in this tone will naiural and man made variations in cemeni cunhty, products that are likety

therefore depenr1 on accurate frodelling of cement Chemistry. to perform effectively in a vault environment can he developed. Specfic
reference is made to data on materiais developed for grouting tiperiments

The fredelling approach, described previously, requires the in Momic Eaersy of Canada Limited's Underground Research Laboratory

establishment of correct phase relations in the C40- SiO and in the OECD/NEA $trepa Mine.

Al 0 . Mg0 50 . H,0 system (the major cement components)2,.
p3 3More than 40 cohoatibility experiments were carried out, PMto detemine these relationships. Purified cement hydrates

were shaken centinuously in CO . free water, for up to 6 MODELING GEOCHEMICAL STABILITY OF CEMENT FORMULATlONS
2 FOR USE AS SHAFT LINER AND SEALING COMPONENTS ATmonths. The result s frcrn these, with data from the

literature, enabled us to construct a more complete phase YUCCA MOUNTAIN. Mark A Gardiner. (T Corporation. Albuquerque,

relations scheme than has hitherto been possible. NM: Thomas E. Hinkeoein, Sancta Nabonal Laboratory Albuquerque,
NM; and Jonatnan Myers, IT Corporanon, Alt >uquerque, NM.

Interpretational problems were encountered, particularly
interaction of water with a comentitious matenal will result in dissolutionwith the calcium aluminate (sulphate) hydrates in the of certain cement phases and changes in the water chemistry. These

presence of excess Ca(OH) Special dissolution / changes in tne water chemistry may further lead to the precipitauon of p
precipitation equilibria cotatni$g. at early age allowed minerals either in the concrete or, at the Yucca Mountain site (YMS),
'AF type' phases to form, where C AH and AF were6 in the surrounding tuti. These changes were examined along five
theImodynamically favoured. specific water Itow paths whch are representatve of many possible flow

paths for water movement in the shafts and Dorenoles at the YMS. m
each path the geochemical spectabon/SolubihtyheacDon path code

PU EQ3NR/EQ6 (E03.6) was used to model the interaction of cemenebous
HIE EFFECTS OF CALCITE SOLID SOttmON FORMATION ON matenats and water and the 6nteractions of tuft pnases and altered
THE 1RANSIENT RELEASE OF RADIONUCLIDES FROM CON- water, Two initial water compositions (representanve of meteonc and
CRETE BARRIERS Robert W. Smdh and John C. W alton,ldaho J 13 waters), inree different temperatures (25' to 76*C). two
National Engineenng Laboratory, P.O. Box 1625, Idaho Falls, Idah hyorogeologe scenanos ("open' and 'etosed* systems) and four different
83415 2107 coment formulabons were used in the simulanons Only tne cemenotious

.
matenat/J 13 water reactions at 25'C are discussed in this paper.

Concrete barners are an important component of designs for disposal of
radioactive waste in the subsurface. Effecdve design of a concrete vauhs Results of the modehng suggest the following conciusions: (1) solution
requires an understanding of chemical processes affecting the performance composibon is controlled by equihbrium between the dissolving cement
of concrete bamers. One tmportant chemical process is carbonacon; the phases (pnmanly C S H. CAH and ettnngite) and precipitaJng
reaction of concrete with carbon dioxide or carbonate to form calcium car- secondary minerals (dominantly zeolites, secondary C S H,lyypsum,
bonate (calcite). This process is significant to radionuclide retardanon calcite and minor clay); (2) solution pH generany stabehJed at
because the formation of a solid carbonate phase in the concrete provides a approximately 12: (3) concretes with excecs sihca behave simitarty to
sink for 14C and many radionuclides (e.g,9aSt and *oCo) can coprecipitate concrete with eacess portlandite, with respect to the overall water

chemistry; (4) a small number of reactions are required to account for
with calcite to form solid solutions. the malonty of the dissolution /precipitat>on predicted by E03/6; (5)

A predictive model has teen developed to describe solid solution behavior cement reactnnty is increased by tne presence of portlandite, ettnngite |

of canons in calcite. Couphng of this solid solucon model with transient and reactivo sihca which react with other C S H and C A H phases.

mass transport calculations allows evaluation of solid solution effects on
the migranon of radionuclides through concrete tramers. The coupled
model considers carbonanon of concrete by ingression of CO2 and reac- PL6

tion with portlandate, solid solunon effects tn the precip ted calcite, and m Loen. TERM PaoPERTtEs or ctMort AND Ct*CRETES
mass transport of dissolved radionuclides through the ' ,onation zone. M. A t k t r.. . J , cou t e . F.P. olesser, A. Kindnees and L.P.
Because the model focuses on the behavior of weathi, . Aarbonated Moront, Untvere4ty of Aberoeen, old Aberdeen. Aas 2VI,
concrete rather than new intact matenals, the resuhing calculadons may scogt.nd,

represent the long term chemical performance of concrete tetter than
use mathematical modele in ordersimilar calculations thst assume time irviependent concrete properues. it ta essentist to
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to pedict the f(ng t:ru behaviour and proper 4ise of a few Cm3 taken at 2 month intervals. The principal findings have been*
eeseente. Appropriate endele require en entensive. the following:'

'velideled deto base for thetr t aip t omen t e 4 t on. The
cuthors' perceptions of the probleme eseociated with the G! ass afteration is similar in French granite or salt, but much greater-

g
d;to base and Ite applicetion are discussed. More dele
tre needed on the hydreLion kitietice of the coeyonente of The backfilling matenal has a signiflCant effect. Most Clays Constitute*

silica Stnks and maintain a high long. term afteration rate. However,blended coment eyetems, of the ,gLeedy-a tote conditions on some highly Sil6Ceous Dentonites do not accelerate glass alteration.higher-temper ture lootherme 780'C and on spectfie In a granite medium at 90*C, the Canister materials (NS 24, Hastelloy.

ridweste incorporatiets asechanisme as well as on the inspect of AZS Ceramic) are only thghtly p>tered and have a minof effect on
of dissolved cosiporient e , both organic and i riorgani c , on glass Corrosion.
ceava* performance. Overall progress towarde achieving The effects of fracturation of the glass block depend on the environ-*

there goeie io seeeeeed. mental Conditions. In a granite medium where saturation Conditions
are ouickly reached the dissolved glass Quantity increases by only a
factor of 1.4 when the exchange sunace area is multiplied by 10

PM Rad.cactive expenments with doped glass specimens have showne

EVALUATION OF DRY. SOLIDS BLEND MATERIAL that a radiotysis does not mocify the bulk glass d|ssolution rate, but
SOURCE ON A C'EMENTTnOUS WASTE FORM. that environmental matenals ao affect the actinice retention factor in

the surface gel layer.T. M. Gilliam, R. D. hnee. S. C. Osborne, and C. L Francis, . Finany, an experiment has been in progress for over 7 years in a
Oak Ridge National laboratory, Oak Ridge, TN. granite medium. After 3 years the Corroseon rate cropped to abcut

2 = 10-3 g m ad i and depends only on the flow rate imposed by the
his paper presents the evaluation of dry 4olids-blend matertal sampling intervais,

sciurce and the subsequent impact on waste form performance
enteria. De evaluatic.n includes characterization of the P3. to
individual dry materials, as well es the syncrgtstic effect of the
dry matenals on grout properties. THE EFFECT OF LEACHING ON THE PORE STRUCTURE OF

CEME. T. BASED ORotTf3 FOR USE IN A NUCLEAR FVEL WASTEV
DISPOSAL VAULT. M onefrei and htN. Orsy, AECL Whiteshell

pyg Nuclear Research Estabbahment, Ptnawa, Mannoba, ROE ILO, t'aneta. D,
Breton and O. Da!! ivy Sherbrooke University, Sherbrooke, Quebec, J1K

sin Hou. ut Am ocT10% AND IHH nem iN 1ter RI, Canada,
tililH AIM ilON UF MiltilaNil CUMI NI GitOVI Mal, Ma l1 HI gla

IN IMOhllutt) LNYlHOMILN15 Research on the longenty of cement based grout matenals for senhas a
i F; Ak nn. T L. Chnsuan.Frsar, anJ M. C W.st as e deep geological disposal vault is an important espect of both the Canadaan

Hrfspiscim and other nuclear fuel waste management progrann. These studies include
Alouquerque, Mt it7 t i l, OA assessments on the chemacal durabihty of coment grouts and the effects of

. leactung and phase transformauon on the long term hydraube and diffusionI se re Anip.: emmp m auipwnd sepvutontunii the m.o o ni oi uw
w.0 utus nais w paioim auerubb for lunat pennd, or time .ne e nein,ignnal I"' actemics d puts,ni ano,w

nwrs wmiena; uw iker dnpoul os nuvieas waue e p ui os d'eu w aus ma%en.em
pwp.im, Twu po.mna nuten.iu. Nmomic amt osiand eenmn. ime tcen niema.ed ly This paper presenu the results of laboratory studies carned out to assessi

*n.mv owp.um .n im umhdaie ssai matertox v isejomg une>iitanon ci lwh vf the effects of teaching of cement phases on the pore structure ofihsw m.noul a hemg inwhwied as a pan of Ptiaw til s she Sir.ca hopeu. Tv date '
immiiu of uiorihnate:t thralory. nulehns, and field sim;iei has e tren ionyleied un art hardened grouts. Measurements of mercury intrusion, and scaarunI
onoerw,n l e.npicim gukim.uc lus lasn imeynusa n ,in ineiam mus pann ularly electron nucroscopy wuh energy dispersive x roy analpis, have been used
im s emeno sime mou s.. ins phain m semena ce mei.suhle. nd o cieuae n n okely osa to invesugate the changes in pore structure of the reference grout (90?e
s woa wat woonn nse would degi.we wius time in pivuim n.u sopium by da in u Type 30 cement,10?e saica fume, water to-ccment (w/c) ratio betweci. Oati
.ank i. >en hemical ,n l anm ahiin) nuleims b ne Neii meJ igether iv e amus hv* and 0.7) as a function of teactung time and groundwater composittorthq s vuniat %Is won d refleein au epiat'ly m in d.elvin h p. A s w hos mos flou
, ds niw.n l nught tv e ws.'wJ to v. cur la ihn un oppnon iht'inu pieveue> m
nmwnnuous poni .au un anah ard to enable i'u evaliunon or hm. .nyi nn linw Prtlinunary analyses show thst the pore radius, the volume of ports and
huhulop .unar.n, m wios h tiifriinon n likeh tv Lie the Je.n. nam m.w uances.i the effective porosity (capillary porosity) u( the grout decreases wuh
pums Aw pa ma tenam puma,nst sunowmo n tangnm erom iroh in almv lescru:*g tinie. The decrease in the effective porostty was Icund to beh m n.en n.ca ie, A os.o aun m grvanJam nuvrastun A lavi.uwe > ras h N t ""
s o.mu,uo it. as. c.i na . a niewm. v4 univ u m m w .uer mit m m s e nem> m.'*io se ponounted in th.t reference grout with low w/c reta than m the
. . onnuc iet nn.ws .unung ta.ior, ,uiu nns dotoux , nmimo sm h n i uieu rl same great with high w/c ratio. The decrease m the porosity was

i pn e ne,n, Lim;nu..mun porouiv. s J penvc d.mw Ouw u ;utonnan,, wh attributed to the changes in the volume of solids caused by continuous
wv c.w run sia sa m .on.en.un en esimuinag J.! a nv reA mno d aquuu- hydration precipitation and assocuted reactions.s

on, n o in i, . n . a w in c.mua pi+n.o i.. to a vn: non. Ivrtw w .h u n
so wenu. : n ts m u s...n .nshi..us 'rai m tou I.ow ser oun w here shhw "

. It is commoni7 assumed in the durabdit7 modet used to Predict thenoorn.nn. uw ..m ei wn .a L.n.wiar s uNnw p% inh n iont. n.He w supe.
. ..nev iah n.ia ..wemir.ac T% pr.asei, .le anJ :co.ncs rus stu m nwav. longevuy of grout that grouts degrade through pore watet exchange and
.Lous,en a,,, m '..e oici and aqocuos ivus as to it, .b yng oi ;i.,a sp w e and assocuted teaching. The observed changes in the pore structure strongly

lued wn ths nnonpr.on. .enwri pov !,ce.nmu.c na) M indicate that these assumptions may not be appropute.m. n.ong a n.o.wp
v n.e s en h n nr.nk of buw ugns of thonnands N moto Mseeiu, p sht.a . wi.u

i i n h n:.+o. mu n s .ae hw .mo .cment and p.undu.., . ,..nuno neeuw
i .h.aw ,n.m d. moi nien .mmenon.u.en nt b.p nwr wiums ,, t.a .n pe.~

P4.1

3MIC Mh St POS Mi.HSSNIDT OF UEOLOGIC Al'CLJM
P3.9 h \WE RE M W ..k a l! A t 50Lt.'BILITY .\ N D MCI A t' ION
KEY PARAMETERS OF GLASS DISSOLUTION IN INTEGRATED s . l VI.S OF Th.Vd uN tL M CLCMENTS 0.\S . 't H 1. i-

SYSTEMS. Et enne Y. Vemaz and Nicole Godon, CEA, CEN VAUtHO, ile..e % 4 L :.wr:r.se Nrkelg Leratory. 1 Cyatwr. Nad. M.
BP 171,30205 Dagnois.sur Geze Cedex, France wp m . 8 , tun 6c;n,c/s v.mg
Numerous leaching studies have been conducted during the last ten
years to identify the basic mechanisms of glass Corrosion in order to :o a4!.4aad t".e mie,ratw i.cnaus.t M fM.oactne clerNnta tre ,calog c
develoo long. term behavior models. Considenng the multiple param- q:M arm w 0.e eedt s.<n crncnt. Nndncm>J L.cakJg is
sters affecting a geolo cal repository, however,intagrated expenments re; iud of t''e WW W pmYh The W r m M w asimulating all the actua disposal conditions are necessary to check that m.Niuar:. 5 :muts cepenJ> strong'> uit IJsir ecreal ochn hstall the kay parameters are taken into account, to detect pessible
syn:rgy effects and to qualify tne model under reakstic conditions. * kn' rahr Mtwn deanN3 .h s tunauor ,iad tupplies anwen tu '.N-

om u.b w. :fx J4;Ne el .'o.nplenauon re.d tP.e hbla)tte bsh.mor.
Int;gral test mockups referred to as *,TAV', expenments have been

| usid trs France to simulate several storage scenanos at 90*C under a %uhlity providei u.;unnam,'n on tN enemical rann sv4hte wl'u; Jai'
#". . .M A '" ' 'd'd "" l' '' **""*d 'US "I ld* ''4.mueld- pressure of 10 MPa. Simulated geological water is allowed to reach *

equihbnum w.n the test medium in a conoittoning vessel beforee|

| letching the glass with a pseudo flow rate corresponding to samples of iN'. is a pts neca ur ciumr:ial slaa on ene tLhile ed wu.uxu
. i mm.im.as moim hre .. uae tes aaums wouo,i, im,

I
!
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,s- . umpt.s pl. i a n:n:cemrv s.d un.po.ien et ;ran t a e ' limits of the method. We willillustrate the capablities ofuan.w .x a.d.er e er ap.a r.,m.ur.n .nd e.e r..a.co.a o iu'. our current system by presenting spectra of Pu(IV) atmg a apvas nm,i a ee:1 nanomolar concentraticas, as well as discitssing other
'r .e te oi.th at ve.e J ti un h 4JaPtcd to tie witixs c. 4 ongoing work..-

,'y, tiic we T?.J c.a 't.e wJ to vahJete an.nemisJ mcJelen r;*

; tr AGMc.rwtierabt u tiarapm naJets (or pertstrranga as:cssment,

-i ras p@rr w d; : ..o. u.: u4ic of solutnhty aM ap;utten stuJi.5 Of f, LALO tT SIEA5Ulurhu'.N'lh or <d'INDE SPt't.uS tBING AN OFUCAL HBl1.

3r.a . rcinc.m clw.o.L vid 3.e.s af f teregearth. wD PHOTO.WOL5' llc $Pl.cfT,05CCPY.

t n* wrk i i rpneJ t.y the ya/ca \touniman twjnt Oui.e pi of the gg mg 4,,rhed Sciem Umuun, l.aw3ee.: u,rteley laboratory, tarkel y. Cel.fortuae

CnQan R.hlw..use was.a A14as ement 1*regram. Tliis pr%t t %rupa N w e ,..a r;w, P Rt o...en u.o R.L sd.2. .'wctear Chs.tu ur D.u ion, kemier.<< IJverinores

(J Depe1r*eni ut Enstgv. Nev.d4 Opereuons 01640- .doerwe inersalev N nianJ Li,ua aor). L.v.aure, Cahforn.a %s30.
n.wr.icry u operiseJ tiy iSe Crustrairy or Cai uorriin (nr the L' S Departerier.t efl

.13,:.gf i.de . w ph AGWr0W
'lbe a:c s.remeat ul. c?.ide gecws at nb.trJerutt.olar cutaentranom in a@ect.$ $+.uavh

P4 2 r..o W.,ax 6awr,.sinpy irt.pnnant for the Jeterni,nauau of 0.etrarei.at:w prgettica. f.si
NtASS RELATIONSHIPS AND T1LANSK)RT POTENTIAL OF VOLATILE
NUCLIDE SPECIES IN SUBSURFACE ENVIRONMENT Abraham Lerman, ietearca m hi;h l*$el tut 4ar waste tr.ariagentete, anJ fur enstronructital n.otuiertrig and
Depanment of Geological Sciences, Nonhwestem University. Evanston. IL.

ehr.aunnuun. The uud.th.a etates of aturdde steews in sAtiun can be ceternun44
Among the metal and heavier nuchdes in a uranium.oaide spent fuel, the
followmg may form volaule species: "Sc. "Zr. "Tc. "'Sn. O't. and d ' ' ''ll D'7' 'r VP5k*i absorption 4pec: rum. Photoagousue spectroscopy (PAS) is a

"'Cs.
9x 10',These sia nuchdes collectively represent a mole fraction of aboutvt t.pt.eul .d orpooa te.hruqi.e npable of detenraning oaadauari iares ind stud >ing .of the total nuclide mass in a model fuel at 1.000 years after
disposal. Depending on the conditions, nuclide metal.oludes, metal. egn,g,g,,n gi jqn ,rau:ary 14vsls. Me dervlopcJ a phataaeuwsps $Uc ronicles f0r
scienides and iodides, or elemental states may occur either as purt solids
or as mmor components of sohd solutions with the matna phases. For a rernese nawesment., cf rare earth and an 'ude $;.rciss unng an uptkal fitwr to trarwrat
hmitmg case of an ideal sohd soluuon. the mole fracuons of the sia indivi.
dual nuchdes (or of their compounds),10'' to 10*3. indicate a measure of th< em:sasilar bght ta : sempl+ =aistioriin a glon bot toeated in a scratatt laboraton.
possible reduction of the panial pressures relauve to the pure phases,

s3 nwtcri irorr, the leier anJ dets: tion electroraes. The syuem in ideally wited 0.t
For a number of oxide, iodide, selenide. and elemental species of the sia
radionuchdes. Laken as thcar stabic chem, cal analogs relauvely high vapor ' N- *I .w udJe ressar<a on hqhly rschoWtive sPeas in a protected erwiesure withoi.ti

pressures are indicated for pure sohd. gas equibbnum systems: lo* to 10'
Pa (10'' to 10'' atm), at 200*.100*C and lower. Among the metal iodides rmir,.y WW at:J dw nai el camstatag thi. I .aci labwatery 'lhe ser.*itivity JI Ltc -

and scienides, higher vapor pressures art associated with the higher metal m.n.malloJnd to be c'smplable to that obt.11:4d frn*n $2nt :n pixed dire 6t!) at the endL
oxidauon state +4 as m the following series:

Snl. > Zrt. > SnSc: > Snla > Csl > SnSe, ui tre Net (wheut the 13ery 'jhis optstal Gber t.sitem reprtwritt & prGtot}pe remo:t

in a limiting case of the enure spent.fuct inventory of I and Se taken up m h.tw I;r tWhl apphumei m wtcn IAoesamu, tie ;.wan.r.:ncmt (su!J be performed h
lodides and.scienides of Zr. Sn and Cs, large fractions of the metal nuclide

Cs. about 68% left a purJ wate emnWnt-inventones would occur in other chemical forms; for 83S
over; for "Zr,97 %; and for "*Sn. Ui8 %. The p-T relationships for the

= vanous volatile nuchde species make it possible to assess thett upper limit -
P4 5 ABSTRACT WTDIDRAwNconcentrauons m a dry rock pore space at different temperatures, and to

esumate their parutioning .between the gaseous and aqueous phases at
different levels of water saturauon. P4.6

THE APPLICATICN or POSITRON EMISSION ToMoGPAPHY
''41

'

To THE ST'{0y oF MASS TRANSFER IN FRACTURED ROCKS."' %'**m1 M R Hawkesworth2 and D' ACTINIDE SPECIATION BY PHOTOTHERMAL D Cill;ng * 3 ~ ' c^orrils'sioning and: Radwaste.Parker *. AEA pe
SPECTROSCOPIES: INSTRUMENTATION Harwell Laboratory, oxen. oX11 ORA. 2 niversityU

DEVELOPMENT. John M. Bern, C. Drew Tait, et strmingnam. Edgbaston. Birmingnam UK.

David E. Morris, and William H. Woodruff; Isotope and
, water tiew in hard rocks takes place dominantly

, Nuclear Chemistry Diviston, Los Alamos National in tractures. In order to predict the transport
- Laboratory,Los Alamos, New Mexico 87545 USA c dissolved racioelements througn a tractured

rock it is necessary to determine the. geometry of
. . . the fractute network and the bydraulic properties

An understanding acttmde speciation in aqueous solution et individual ractures,
is necessary for the evaluation of the suitability of
nuclear waste storage sites and for the development of Several laboratory techniques. -such as tracer-

strategies for waste site remediation. Photo migrauen tests and tracture impression methods.

spectroscopy using pulsed laser excitation . acoustichave been used previously to study mass transferis bem.g in individual fractures. This paper describes an
~ developed by a number of research groups as one of the alternative teennique for studying mass transfer
most premising methods for studying speciation of in a sin;1e fracture. Posit ,n emission
actinides in solution at environmentally relevant t m m aphy (PET) offers the escential for

. visualising quantitatively the migration of
concentrations. 'We will present details of a number of dissolved tracers. The position in space et a
hardware and software techniques which we have positron-emitting nuclide can de determined by
implemented which we believe improve the sensitivity . the simultaneous detection et the two collinear

positron-electron annihilation gamma rays.
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TFc' ConserVat1V tracers hay) D33n us@d in thess underlying the proposed highelev$1 nuclear weste repository
exp3 rim 3nts: OF and WNa, Preliminary at Yucca Mt.. N3 veda, has focussd ettention on the potential

,' experiments involved the flow of water through role of geolite einerals, particularly clinoptitolite, in
*

* Gimulated fractures. Three experiments have been serbing radionuclides and thereby retarding their eigration.
per!Crmed, and demonstrate t ht.t PET is well Published geocheatcal studies on teolite einerals at Yucca Mt.
suited to this application. Mathematical indicate lateral and vertical variations in teolite
modelling has been undertaken in conjunction with compositions. Ion exchange between teolites and aqueous
these experiments. solutions depends on f actors including aqueous solution tonic

strength and compositions of both the aqueous and teolite
pg phases. Therefore, variations in soolite compositions

observed at Yucca it., as well as natural or repository-
M!GRATION OF RADIONUCLIDES IN GEOLOGIC MEDIA: induced changes in groundwater chemistry, may result in
FUNDAMENTAL RE3EARCH NEEDS. D. T. Reed, Argonne National variations in the effectiveness et the geolite minerals as
Laboratory, Argonne, IL 60439; f. J. .iobber, Of fice of retardation agents.Health and Environmental Research, U.S. Department of
Energy, Washington, DC 20555; and J. M. Zachara, Pacific Experiments c onduc ted to study ton enchange between
Northwest Laboratory, Richland, WA 99352. clinopetlollte and aqueous solutions of alkali and alkaline

earth cations can provide a quantitative basis for evaluating
Fundamental research needs relating to the understanding (Fe role of neolites in the retardation of radionuclides inof radionuclide migration will be presented. The focus the Yucca Mt. nystem. Experimental data indicate that the
will be on long term research needs that correspond to systems exhibit noniceal behavior particularly for reactions
existing and anticipated waste management problems within in-elving mixed valence exchanges. The data can bethe 00E. Aspects of this research currently being interpreted using excess Cibbs energy models for the aqueous
addressed by the Surface Science Program will be solution and teotice phases to account for nentdeality in the
sumar12 ed. system. These models allow reliable predictions of ion

exchange behavior at other ionic strengths and relattveThis work is suDported by the Office of Health and concentrations, and provide 6. foundation for the
Environmental Research, Subsurface Science Program, under int,rpretation of lon exchange equilibria in multicomponent
DOE contract W 31-109.ENG.38. systems.

P4.8
p4, go

THE ETTECT OF EXPERIVENTAL CONDITIONS ON THE MODITIID EFFECTS OF MINERALOGY ON SORPTION OF Sr AND Cs ONTO
LANCMUIR ISOTHEILM ADSORPTION PARAMETERS. Vilfrei t. cA1.ICO HII.LS TUFF, R. E. Meyer, W. D. Arnold, F. I.Poher, Los Alaus National Laboratory, Los Alamos, AM; case, G. D. O'Kelley, and J. F. Land, Oak Ridge
M. Gopala Rao, Howard University, Vashington, DC; and National 1.aboratory, Oak Ridge, TN,
Hector R. Fuentes, University of Texas at El Pa.so, El
Paso, TI.

Sorption and desorption measurements were made of
The adsorption of solutes on geologic media is usually strontium and cesium onto clinoptilolite and Calico
described in term of isotherms. The isotherm parameters Hills tuff. The object was to see whether there
are coupled to transport codes to account for the was a correlation between sorption of strontium and
retardation of reactive solutes under flow conditions. cesium onto Calico Hills Tuff and the sorption of
Isotherms, though theoretically based, are considered strontium and cesium onto clinoptilolite based on
elpirical and thus their parameters depend on the the content of clinoptilollte in the Calico Hills
conditions for which they were determined. Therefore, Tuff. If sorption onto Calico Hills Tuff is solelythe use of the isotherm as a predictive tool is due to the presence of clinoptilolite, then the
predicated on the basis that conditions in which the ration of the sorption ratios on tuff to those on
todel vill be applied are similar to those in which their clinoptilolite at similar conditions should be the
parameters were determined. In this study relationships weight traction of the clinoptilolite on the tuff,
between Modified Langnuir isotherm para.teters and Since the tuff contained about 50% clinoptilollte,
experimental parameters (conditions) were 1erived through the ratios would be expected to be about 0.5 if
thermodynamic consid; rations for binary ion exchange sorption was due solely to clinoptilo11te. The
adsorption. Based on these relationships, an unique set experimental evidence showed that the ratios were
of isotherm parameters can be defined by a minimum and generally near 0.5 for both cesium and strontium
necessary set of experimental conditions. These sorption and that ion-exchange processes were
conditions are the solid liquid ratio, the initial operative for both the clinoptilolite and the tuff.
concentration of the target solute in the solid phase, However, the ration differed to a small extent for
and the initial concentration of the competing solute in the different conditions, and there werethe liquid phase. The effect of these initial conditions indications that other sorption processes were
have been qualitatively verified from literature data, involved.
The results of this study indicate that, in principle,
unique sets of isotherm parameters can be predicted from

P4'ua known set of experimentally determined parameters for
conditions not experimentally evaluated. Therefore, the ESTIMATION OF THE MINTION PARA. METERS FOR THE BOOH CLAY
above derived relationships betseen isotherm parameters FORMATION BY PERCOLATION EXPERIMENTS ON UNDISTL'RBED CLAY
and experimental parameters provide a means to reduce CORES. M.J. Put. M. Monsecour, A. Tonteyne. SCK/CEN Mol
significantly the effort needed to model the movement of (Belgium) : ana H. Yoshida, PNC Tokyo (Japan)
reactive solutes in the environment.

The safety assessment of the repository for high level
radioactive waste in the Boom clay formation requires

P4.9 reliable data for the migration parameters. The results
NON!DEALITY EFFECTS ON ION EXCHANCE BEHAVIOR OF THE ZE01.ITE of the percolation e%erimente on undisturbed clay cores
MINERAL CLINOPTILDLITE. Roberto L Pabalan, Center for drilled from the formation are reported.
Nuclear Waste Regulatory Analyses. Southwest Research
Institute. San Antonio. TX 78228 0510. The undisturbed clay corea are drilled perpendicular and

parallel to the stratification of the formation to study
The presence of laterally extensive zones of zeolitized tuff the isotropie of the formation. To represent as close as
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possible the real situation in-situ interstitial clay port stribed samples. The ef f etts of trate announts of 1$ ele-
water is used as percolating liquid. ments in the rock on their R. Rd resp. Kg valuess

'
. of the dissolved radionuclides of the elements C (as car-
Para 3eter values fot brosine, iodine and tritiated water bonates). namely, Se, $r. Tc . I . C s . Pb. Ra. Ac. Pa. U.
are presented. No. Pu. Am. and Cm were investigated and discussed. For

. * this purpose the Ft. Mn. Sr. Ba Pb. Cu. In. N1, Cr. V.
Darcy velocity and effective stress are used as variables. Cd. B. P and F contents as well as the organic carbon in
Anisotropie of the formation is demonstrated for the the rocks were compared to the sorption / desorption coef-
hydraulic conductivity, but trivial for the disforsion ficients of the above mentioned 15 radionutildes and lis-
parasaters. ted in x y diagrammes (a total of 225).-

While the height of the amounts of most trace elements
A general relation between the apparent d ispe rs ion has no or only a slight influence on the retention pro-
constant, the dif fusion accessible porosity and the parcy perties of most radionuclides, a distinct correlatien be-

velocity is given. tween the height of the amount of trace elements and the
height of the distribution coeffiClents was fcand for

The experimental set-up and the interpretation e.ethod is some radionuclides.
briefly described.

P5.1

P412 EFFECTS OF llEAT TREATMENT ON THE MICROSTRUC.
M10RAtlcN or RADIONUOL M ES IN FPACTURE COL m s. 7t.RE OF A FULLY SIMULATED NUCLEAR WASTE CLASS.
Pirkko H51tta, Martts Hakanen. University of Terese V. Palmiter. l. Joseph. and l. David Pye, tnstitute of Glus
Helsinxi. pepartment of Radiocnentstry. Helstn- Science and Engineering, NYS College of Ceramics at Alfred Uni-ki, finiandI and Aino Hautejarvi. Technical
Pesearch Centre of rintend. Nuclear Engineering mshy, Alfrui, NY.
Laboratory. Helsinki. Tilland.

Samples of a fully simulated nuclear waste glass, both oxidised and
reduced. were heat treated for three bours at 600, TOO, 600 and

Radionue1 idea transportea wttn ground water 900*C. Microstructural features in untreated as well as heat. treated
flowing through the fractures may te delayed by gluses were studied using transmission electron microscoPI. Ele.interactions with the fracture surfaces. Migrs-

mental analysis by energy dispersive spectroscopy (EDS) wu usedtton of radionucildes in natural fracturea was
studied under well defined lacoratory condit1 to identify components of etystals observed,
ons using tonalite drill core colanns having
fracture running parallel to tne nis. Long term heat treatments of 45 days at 10*C above T, (430 460

'C) were e nducted. Transmission electron microscopy revealed
m t*e:1: ;rown! i5er .u ;u,oee tnr m n re mict phase separation in these giuses. EDS wu used to furtherfr2:5Jr9 Cy s :ar:: 31 !; ;a ; n i-a:er 4er,

study these phues.1)ected as a p a l .; e . "e arrivent .; 3 s .:ntina.
cusly red to the frsc*1:n :ollecter rer the
deter tnation of :reax ttrough :ncentration of pg
the tracer.

EFFECTS OF HIPING TIME. TEMPERATURE AND PRES $URE ON ICPP
7te nydrodynamic naractert:atten :r re EXPERIMENTAL WASTE FORM PROPERilES, B. A. STAPLES,
cetumns was perf r-ed using tritisted ater, Westinghouse Idaho Nuclear Company. Idahe Falls. 10 83403,
pertechnetue and ulor:Je ; o n s a c n * - s a r e i n.; D. V. MILEY. EG&G Idaho Company. Idaho Falls. ID 8340J
tracers. Stront m and neptunluc. w re used to
study retardation of radicnuclides on fracture
surfaces. At the Idaho Chemical Processing Plant glass ceramic waste

forms are being developed for the immobilization of
The experimental cet-uD !s described and tren calcined high level radio 4Clive waste. In this action
through curves of non-sorbing tracers, stron. simulated calcine and glass forming additives are hot
tiu9 and neptuntun see presented. 3esults were isostatically pressed (HIPed) under various processing
interpreted by means cf model :alculations. conj 1tions to form the glass ceramics.

A full 23 factorial design with centerpoint experiment
P4 O ABSTRACT WITHDRAWN was performed to investigate the effects of HIPing time,

tamperature, and pressure on the durability of the
glass ceramic as measured by the 14 day MCC 1 static leach

P414 test. Effects were also deter 1nined on phase composition as
THE INFLUENCE OF TRACE ELEMENTS IN CONSOLICATED SEDIMEN- measured by solid stste analytical techniques and on
TARY ROCKS ON THE MIGRATION BEHAVIOUR OF RADIONUCLIOES. density. The results of the experiment indicate that a
W. Bode. GSF - Institut fur Tieflagerung, Bra uns c hweig , significant time temperature interaction influences the
fed. red. of Germany; and B. Bode. Lahstedt. Fed. Rep. of leaching properties and phase composition of the
Ge many glass ceramics. Based on the results of this experiment it

0is recommended that glass ceramics be prepared at 1050 C
and 12000 pst for at least four hours. It is also

The mi9 ration velocity of dissolved radionuclides through recommended that response surface techniques be used'tc
consolidated sedimentary- rocks depends upon the charac- analyze the dependence of glass ceramic leachability onteristics of the ground water and also substantially upon HIPing time and temperature.

; the retention properties of the rock, taking the dif f er-
ent tons into consideration. Besides the petrophysical
properties. Such as permeability, porosity, degree of e51
separation and specific surf ace, the chemical and minera-

LEACH RATE EXCl|RSIONS IN BOROSILICATE C1. ASSES: EkTECTSl' logical composition cf the rocks influences the retention
OF C1. ASS AND LEACllANT COMPOSITION. Aaron Barkatt. S. A.or retardation of the dissolved radionuclides in the Olstowka. W. Sousanpour. M. A. Adel-Hadadi R. Adiga. A1.

ground water flow. Several reports have been issued on Barkatt. G. S. Marbury, and S. Lt. The Catholic Universitythe topic of the influence of the chemical main compo- f America. Washington. 0.C.
nehts. This f actor was observed when preparing the de-
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tr a nt iasn t incrasses in leach rate have been observed in P$ 6
the lases of certain borosilicate glasses upon exposure

EFFECTS OF COMPOSITION VARIATIONS ON HICR0 STRUCTURE= t c ed ns s es o er a at n se M CMICAL WRAmm 0F WEST VM REMRMCE
content, or in a neutral bicarbonate medium. GLASS. L c. Buechelt, I. Feng, H. Gu, I. S.

Muller and I. L. Pegg, The Catholic University ofAmerica, Washington, D. C.
P$ 4

RTT7 GLASS INITIAL DISSOLUTION RATYMEASUREMENTS USING AGlasses suitable for high-level nuclear waste
vitrification must meet a number of requirementsHIGH TEMPERATURE SOXHLET DEVICE. F. Delage. JL Outsossoy. including processability, durability, and phaseSDHA/SEMC, CEN.Valtho. BP171. 30205 Bagnols.sur.Cate Codex. stability. Our new data indicate that the WestFrance,
Valley reference 5 composition meets these require-
montst it is phase stable over the expected range
of molter temperatures and residence times and only

The corrosion of glasses in aqueous media was desenbod by the minimal (<1 vol%) secondary phase formation, con-
0eneral rate equation proposed by Grambow. In its simp!sst form. sisting predominantly of iron group spinels, is
this equation may be written as : V.Vg(1.aNSiO )/s. H SiO )). expected in the canister cooled glass. Leach tests4 ( 4 4
The purpose of this investigation was to measure the initial have shown little or no effect on durability of

spinel levels in excess of 2 vol%. However, natu-dissolution rate (Vg) of R7T7 nuclear glass between 80 and 250'C ral process variations during production will
and to deduce actrvation ener; pes of reaction. produce a gangs of glass compositions around the

nominal composition. In this paper we report on
Leaching solutions were maintained far from equilibrium by using a the effects of composition changes around reference

5dynamic leaching apparatus: the High Temperature Souhlet device on the phase stability upon heat treatment and
the consequent effects on chemical durability.(HTS).
Since variations in the waste *streaa levels of most

The corrosion rates were defined by weight loss rneasurements and major components can be accommodated by adjusting
the quantities of the glass-forming additives weby silicon, boron. sodium and lithium analysis in the leachate. Under focus here on a group of components for which thistu temperature concitions, the dissolution rates were linear with is generally not the caset Ca, Cr, Mn, Ni, Th, U,time. The initial dissolution kinetics. calculed from weight loss S, P, and Fe. While many of these components are

(before and after scrapmg off the surface layer) and from silicen, present at below I wt% they could have potentially
boron, sodium and lithium release, follows an Arrhenius type law, significant indirect effects on product durability
Activation energies range from 55 to 62 kJ/mol accoroing to the **"***^""*"d* U N*** * *
etment. This slight discrepancy is aftnbuted to a more pronounced
retention factor of certam elements in alteration layer with P5. * ABSTRACT WITHDRAWNincreasing temperature. The mean activation energy of reaction
(about 57 kJ/mol) is typical of a surface controlled reaction. This
energy is uruque on the studied temperature range. py,

MEASIREMENTS OF RADON EMISSIONS FROM NUCLEARWASTL. G. Es pir: Jsa, H. Hu and V.M. Castano,PS.5
Instituto de FIsica UNAM. Apartado Postal M-H 4,

APPLICATION OF THE GRAMBOW MODEL TO LEACH TEST DATA Mexico, D.F. 01000, Mexico.
ON WEST VALLEY GLASSES. I. Fang, I. S. Muller,Hsing-yia Ting, I. L. Pegg, and P. B. Macedo, The Radon gas is a product of the nuclear decay of
Vitrcous State Laboratory, The Catholic University Plutonium. Therefore. It is important to realize
of America, Washington, D. C. 20064. that, besides the obvious protection of the

solid nuclear waste, it is necessary to prevent
Chmical durability data determined from PCT (modi- leaking of radioactive gases such as Radon,
fied McC3) tests on a large number of glass compo- which cc 11d permeate the ugh several materials
sitiens around the present West Valley reference used in nuclear waste management.nm
glcss show several interesting features. An essen.
tial basis for developing materials behavior pre- In this work we present a study of the diffusion
dictions over repository-relevant time scales is of Radon through concrete with dif ferent composi
archanistic modeling which must be capable of tier.s and also various comtrercially available-

explaining the salient features of the glass disso- ****g''

l
lution process. In this paper we present results
on tho extent to which the Grambow GLASSOL code is The results allow us to determine the best con-
able to represent the leach behavf"r exhibited by "9 hand"

our data on West Valley glasses and, _.particular, ng ents f r ste ag produ es Rad n
th3 sharp transition in durability that we observe
with sery small changes in glass composition. p3 eAntlysis of leachate compositions using the PHREEQE
g;ochimical code has shown that for the glasses in CHARACTERISTICS OF ?!!CRATION OF 85SR AND 137CS IN ALKALINEth3 tore durable region a silica phase with a log K SOLUTION THROUGH SANDY S0ll. Toshihiko OHVt'KI. Departmentvalus approaching that of quartz is consistently of Environsental Safety Researen. Japan Atosic Energy
closs to saturation whereas in the less durable Research Institute. Tokal. Ibarakt. Japan.
gleca region the same phase is consistently under
sature,ted. Purthermore, the set of minerals close Characteristics of sigration of 85Sr and 137Cs in theto ceturation was siof tho two regions. gnificantly dif ferent for each solution of pH 12 through coastal sandy soil have been

The GLASSOL results for the behaviorsofthe8gSrandinvest1 rated by bo h column and batch tests.Desorption
| s;cro durable giseses are in reasonable agreement 13 Cs by the sandy soll in both'

with the data when experimentally derived values coluan and batch teste were exasined by sequentialfor the input parameters are used. The forward extraction techniques. In ordegSr andtostudgdtfferenceintherato is obtained from short-time, low S/V data and adsorption behavior of the 8 1 Cs under dynaateth$ leg K value and residual affinity are ob. (coluan) and static (batch) conditions. Contributions ofg
tained from long-tera data at high S/V (10,000/a) .
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natituthe g$r and g Css of the sandy soll to the adsorption of of stability constants (f ree energies of complenation) via I

tlle W$te tested-in batch tests. regression techniquis.

4pproxisately BS percent of the 137Cs were. unexchangeably High temperature measure'ients of radionuclide stab.*
'

.M adsorbed by the sandy soll in the column test. and the 111ty constants are of taportance in a spectation database-
portion of the IO7Csondsorbed aneschangeably adsorbed by for waste disposal in an underground repository. Thermo.
the sandy soll.in the coluen' test eas Jreater than that in dynamic studies at five temperatures between 20100'C have
the batch test. Most of the BDSr. eere adsorbed been completed using the lanthanide Pr as an actinide
exchangeably- with the sang,,soll under both static and analog. The ligands chosen for initial study were acetateanic conditions. The desorption' behaviors of the and diglycolate. At 25', the Pr.ac systen exhibits two
gCs adsorbed by kaolinite.ani! by sergSr nere edsorbedite reseabled to metal complexes over a log A range of -1.5 3; the Pr.diglythat by the sandy soll. 3Ioct of the systes comprises three complexes with log A from 512.exchangeably.by kaolinite, chlorite. icite and 3tnog

segSr by the sandy8being similar to desorption behavior of
soll. The results of these experteents will be presented,

and trends in the temperature variation-of thermodynamic
parameters will be discussed. Although most of theTherefore, aajor consti nts of the sandy soil

contributing- adsorption of gCs would be kaolfnite andpresent data are novel. some comparisons with prior
literature values are possible. Agreement in thesefiericite, and those contributing adsorption of Sr would

be kaolinate, chlorite, sericite. and manganese dictide. instances is quite good and serves-as a validation of the '

current technique.

P5.10 P3.12

STJOIES OF ':hT. DTECS OF PECRA*ATI21 PRCO.A*S 31 "HE wH,leti tos a % vat *f NAr tw t'tt)httRtNu Mulurr1\t- AND .
SORPTION CF TDi MD PAD!'JM. '2 Be"v, G M N Bastorb KA H y mte n s h Nr etlNWN IN M st Hst Wn
Ecrd. C M Link.later and N J Pilk.1.ng;ca. AEA
.Deccrmssioning ord Ra$este, Hanell 'aboratory, t.A tongm,lp.. D.O. Hrnnkinn , and H. Thrw=nn, t nn ersi t t nt.

Oxfordantre. OX11 CPA UK saw $k u rn. Albuqueiyu , vt: P.O. E l l e r , l om Al amom Nat inna t
tarvirntnr & e. tos Alamcm. VI. Tra effects on sorpticrt by geolcgical :1edia caused by tra

presence of raterials derived fram a comentitious t rnn un mi 1 1 t a i l i ne n ennt n i n annmm loun t y b i en corrent.ra t i nn
repository rave been stix 11ed. "his work incl'4es an of radinntr i vien, heavy me ta l e , non-metalm, and nreanic
inwstigation of tra influerce of cellulosi:: cegrecation

en.gonn,t. u.ert riorins anh ent estractinn nt uranna nee,products en tre sorption of tin and radian on Innen clay t eachat e. set.etst ai from uranu n mili enslines hasand Caitriess flagstoras and also considers the sorptive
teraviour of radlun as a function of calcium concentration. ennt ami na t ai em eutwa t er ni t he i n i t eit sta t en and rarwin ,

Ih9. pnn.r 6 acrat . the reaul t n nt' an ester 1 ment ai atish
enopiert hi1h t h*nmvivviamic mrvie1 ne t n es a luate the

. In tra study concerning celluicsic degraistion products. ,, ,,r g n ynn ny- upmg,o n psa t in removine dtunnimiexprinental cont 11tiont - wJre crcsen to si. late Ocsem gn,,,+nt ro Hins of A*. %. Nn,. se. and t hithin nutturneeagected close to a cewtitious repository (;H 11) and at
tre edge of tra zora of migraticn of tra calciun plume @

acutaeach uranna tailinen, n*ar hunntsnn. rotorado. t .m A.
8). Work was carried out (1) under baselir.e corditions in these enniamitymts are atabla me osvaninna urator actain and
tra aosence of organic materials (11) with glucorate, ,,g g iv,,n nt uim na enr.16 e inna wi t hin t he ta illne pore

, l u nt. tamrmid e epoeneetora l prnpert Ipp nt %phaenin jest .act1.a4 as a hell cnsracteri:ed' sir"ulant (111) With which mMho t his carbnnarptm= sutertal bio tablo 3A a pp.t w*=ib leautrentic celluloste degradation products. i,u , &r. inc oste high c$i inn-eNe hanse rmMo n t s abutence nt
v au- tunci mna t ir n y . :u rt mrrie ra t e l y hien surf ace en .These experirental studies were ccr plemnnted by n, n u n m g.,n,,,.n,g, 3,,nnni, og c,.niamingnt regaw n s wer ether"edynar.ic rodelling work t . n.neo n to.w % p.n.ent. re ui t o.e i n enn mio n int

a.cr,m. , nt t oe n nnlei m nr wieni tiste. 'h rh r.t tha i.* w o .This investigation nas shown tr.at tre sorption of tin can
g, g , ,% n g, a n m g y ,,, cn,y,,. ,u i nm.o nw t inn pruivo s i rto affected by tra presence of celluloste degradation ,a , g , n n ,n , g g ,, ,, i p ,, ,g ,,i . .up% onaer n, inic. < pi 1.m nnrtproducts whereas tre soption of radiun is uraffected. The
, i.g, m ,e eh u,e eniini t inno m inutn..e do.trilutiniisorptive tenay1:ur of radis is hcwver strongly influenced .,,y , , i t ., e tne i- ieht n ree.nt * Maenuni n.w t . tnrby tra Calc 1 2 Concentrat1Cn., Jwhi b 0 'he. . honn l . P u t en . m i t s .h aene a re Zu. . M. M.

-,,.s i" mi<e. . .w. e. t n .. i s . Th. + m irulatinom a t ane n t h-

The present work provides further evidence of tra reed to
,i.., . #i,nn,,hta. -ove**t thwi sp m nuin seat aivi t t b..ttake account of SUCM - fac00rS in Safety Assessment e,,, o, u g ia m g39,, ,m t t er 9re atrnoc iu satchtm I"t - nr m trCdelling.

t.U b e.s h. .t m i ut inic enntanorntits. Further siativ m n it-f
so t s o.a no n . p.,utestm are t n he .ctau tueca i n e. iim t o t hs '.

. . . t i . . i n e n- - . r pe. w t...u - t , r enm o m t' avi r, rite-mm i t

lin. W A ht i , + n. m ei \m t rre vlut tob.

DEVELOPMENT OF. HICH. TEMPERATURE UV*RS.NIR SPECTROSCOPY
FOR THE MEASUREMENT OF FREE ENERCIES OF COMPLEXATION AT

P5' OELEVATED TEMPERATURES. P. Robouch. P. Grant. R. Torres.
- -

and R. Silva, Nuclear Chemistry Division, Livermore DIFFt'SION MEASthDtENTS OF RADIONUCLIDES IN SITE-National' Lab. 1.ivermore, CA 94550. SPECIFIC SEDISIENT/ GROUNDWATER-SYSTDts. Hans
41er, Erwin Zimmerbackl, Gunter Zeitlert and

We have developed instrumentation capable of Ptus 31enge, Staatl. Forschungsinstitut fur Geo-
measuring optical absorption spectra over a wavelength chemie/AuDenstelle des Geologischen Landesamtesi
range'of 200 1200 nra and a temperature range of 20100'C. .Damberg, FRG.
. A solution contained in a quaret cell is controlled at
elevated temperatures and pressures in a dry. block heater Foi understanding and predicting movements of ra-

-assembled in a glovebox, Spectral interrogation of the dionuclides released from the planned underground
sample is performed remotely with a Guided Wave Model 200 radioactive repository at Gorieben, Federal Repu-
fiber * optic spectrometer. Changes in metal ligand blic of Germany, th= addition to batch-and column
coordination induce sm4LL wavelength and intensity shifts measurements diffusion experiments have been car-
in absorption spectra, and such data allow the computation ried out.
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In'the paper resulta of syntematic measurements is the retson for Tc's great hazard potenual Therefore, if there is migra.
on (tn dif fus1on of radionuclides ( C4">3. Ra-06, tion frorn the disposal sue, Tc is one of the problernanc elements. Under
ib-D 10, N t-63 ) tbrough ss.ndy, marlaccous and reducing condiuons on the contrary Tc (IV) is more or less imaobde. lcigyley sediment rocks f rom strata overlying the

i* 6orieben salt dome are presented. The rate of I

diffusion was measured in a cell consisting of a In laboratory expenments Tc was immobilized under cc:uun c reumstan.
sediment disc between two chambers filled with ces. although oxic conditions cou!d be measured. The transpon behaviour
groundwater one of which contained the diffusing of redox. sensitive elemeros is not only ruled by t'.e geochemi al " frame
nuclide. condiuons" which can be measured within the .nacro enviror ment. The,,,,

micro envismients which may develope for rAample on die Mineral sur.
It is ahown that, among other parameters, diffu- faces often turn out to be a very strong faqor controlling me transport
sion coefficients could be derived in the region propernes (herc immobilisation). Besides .mcrobial acuvit as showed is
of ateady-state diffusion. Addittonally, with the strong influence on the fixation of Tc. Thus immobilisatior behaviour of
help of 'a special transport model measurements Tc strongly depends on micro environments and on m.crobial meta,
yielded distribution coefficients which agree t@ sm.
with sorption / desorption ratios obtained from
batch lests. Sto reove r , it is demonstrated that

the diffusion behaviour of riuclides such as Ib P5.16

and Ni can be enhanced enormously in sediment THERM 0DYMMic MoDaLLtNO AND AQUEOUS
CHEMISTRY IN ?HE CaO Al,QllO H,0 SY37EM.rocks by complex forming agents.

John A. Hearne, nr.d Clin'F, Knights.Alan Ah
AENTechaotogy, su'Jding 4U, Herwent Laboratory. Oldeot.

P3.14 Oson, CXil CAA 'A

IMMOBILIZATION OF RADIOACITVE STRONTIUM IN CON.
TAMINATED SOILS BY PHOSPHATE TREATMENT. K. IL Kim. h '[' )4 '* * * [jr '

r udp 's
Thi University of Tenneuce Knoxville and S. Y. Lee, Environmental Pordnad sements la cementtlous westeforms sad radioactlw weste
Sciencea Divuion. Oak Ridge National Laboratory. Oak Ridge, TN. ropesitories. Solles of known sytrase sempesidos la this system

have beso trothe6ised by the so. hydrolysis of mised 61koudes.
Radioactive strontium ("St) has been recognized as one of the most The telles han Deen equWtreted with wear et 28*C sad the
abundant radionuclides in the contaminated areas on the Oak Ridge compoelttoa of the neueous phase chareestlaed. A
Reservation (ORR) and at other U.S. Department of Energy facilities, therinodynaa le model for the system has Hoa developed by

Strontium.90 has a relatively short half. life but has relatively high mobility estandlag en earlier model of solid solutions la smorphout gols to

under acidic soil conditions. Most of the scils on the ORR have weak tholude sluhlalum 00 apounds. The model tstounts for meet of
the esperimental dass sad prodlets that the mala trJiuence o(

acidic reactmty. Such soil conditions resulted in the leakage of "Sr near aNelatum m a6 ydrog4M 6 Ma d genetti
waste disposal areas. An in situ treatment of phosphate and metal

composition C,AN,d,, g'e. The model ces be used to pred6ct theo ments and the tapers 4 tion of coments with(calcium, aluminum, or iron) solutions was selected for a feasibility study chemistry of hydtt
as a potential technology for "St immobilization. groundwaters.

The results showed that more than 99% of very dilute 'Sr (<10' M) The undeflying prlaciples. thermodynaale persmeters (of solid
was coprecipitated with metal phosphate compounds. The optimum phases sod 11guld species) and predistlose of the umodel are

conctntration of phosphate and metal was 0.1 M with a 1:1 molar ratio, compared with those of cement chemistry toedels from othef

and the coprecipitation was favored at a pH between 6 and 7 in batch **' ke'8-
expenments with and without soil. Column expenments revealed a
noticeable reduction of "Sr teachability in metal. and phosphate. treated p3 m

l samples. The reduction was more noticeable when calcium was
mtroduced first than -when phosphate was introduced first fc! the MICRATIO!! OF CESIUM, STR0!! TIUM AllD COBALT I!!

WATER * SATURATED C 0!!CR ET ES . FM u'1 Id W tnu,calcium. phosphate system. The opposite was observed for other netal. mota a Nrwa, Wi nutsumi, Sigeaki Yonezawaphc:phate systems. Although the amount sf "Sr reduction did nc4 differ agaki, Kyushu University. Fukuoka,
much among the metal phosphates, aluminum and iron phospha'e would JA P All, and Seichi Sato, Hokkaido University,
be more stable at a lower pH. However. selection of a trJtal as a Sapporo, JAPAN,
coprecipitator would be dependent upon site characterv.ics. For

- example, if contammation had extended to the organic. rich tone of the Diffusivities of Cs, Sr and Co were measured in
soil, treatment with calcium phosphate would be a letter choice, several kinds of water saturated concretes. The
Nonthless, the expenmental results suggest that in situ .ontainment of measured penetration profile of every tracer was
"Sr would prevent groundwater contarrmauon and . cad to eventual composed of two parts. Those were steep slope near

decommissioning of the sites through the natural decay process of "Sr. the surface and gradual slope in deep part. This
profile was successfully explained by considering
two dif f usion paths in concrete. One diffusion

P3.15 path was fissure which width was few microns and

INFLUENCE ON THE TRANSPORT PROPERTIES OF REDOXCN. another was network of submicron pores. The volume

SITIVE ELEMENTS (E.G. TECHNETIUM) SY MICRO ENVIROr?. of submicron pores was approximately 90% of total
MENTS AND MICROORGANISMS. Hanskarl Bruhl, Asaf Pekdeger & space volume in every concrete. The orders of
Andreas Winkler, Freie Universitat Berlin, Berlin, West Germany, magnitude of apparent diffusivities for all

tracers were 10 u.to-a m2/s through the fissure
and 1048 10"' m2/s through the netwMk of pores.

Technetium is the lightest radio element of the periodk sys im (No. 43). The difference between diffustvities through two
While primordial Tc doesn't exist in nature any longer, it . produced in paths was supposed to be caused by large specific
nuclear reactors with 6.13 % of the fission products. Tc 99 f.as a half life area and small constrictivity of the network of
of 2.13 E*5 years, in aqueous solutions, Tc (IV) and (Vll) are the most submicron pores.

Important valence states; oth,:t starn are only stable in connecuan with
complexing ligands.

( A very low retardation ( ' Tc(Vil) occurs during transportanon throgh
aquifers under oxiduing onditions. Combined with the long half life inis
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15.13 Rock sa:ples at natious depths in Koongarra have been,

etastned eineralogically to undarstand theTHE EFFECT OF SILICA FUME AND WATER.TO CEMENT RATto 'process and
sechanises of the alteration of chlortte, one of theON Tite HYDRAULIC CONDUCTIVfTY OF CEMENT. BASED GROUT. enjor ninerals of the utentua ore host rock, The

*
A.A. Al.Manascer. M. Onefret. M.N. Orat and B Shenton. Aiomic alteration of chlorite occurs as a functlun of depth:

*

Energy of Canada Limited. Whiteshell Nuclear Research Establishment,
Pinawa, Man:toba, Canada ROE ILO entorlle is transforted to verRICullte, through regularlyinterstrattfled chlorite /veralculite. The
in situ esperiments at AECL's Undwsound Research Laboratory in Canada transformation is characterized by Fe otidation, Fe loss,

and K and Tl gain. The fe released fret chlorltehave demonstrated that a specially developed cemeis tmed grout consisting
of Canadian Type 50 cement, silica (vme and superplasticiter can seat very

reprecipitates to fort iron Blnerals, possibly
ferrthydttte. Versiculite is then replaced by kao!! niteOne assures of less than 50 s,m in granstic rock. Studies are now in

progress to determine the longevity of these materials. with sgwetal emphasis land possibly ssectitel, further releasing Fe.
on bag.serm hydraulic characteristica. This paper describes progress in
these studies. The hydraulic conductivity. 6,. of a reference grous (00% On the elllimeter scale, the alpha autoradiography study

hasType 50 cement. 10% silica fume. war.to-ccment (w/c) rano tersten OA shoen that uranius concentrations are qualitatively
and 0 8) are compared with those of die same grove with no silica fume- propotional to the extent of the alteration . e.g.,
The k, has teen assessed with the grtuis under compressive and tensile chlorite grains are lower in uranium concentration and
stresses using specially demaned radial now perrneameters altered chlortte grains, highar. On the seter scale, the

bray diffraction study has sevealed that :he abundance
The tests have con 0rmed that k of the ineet reference grout is 2 to 3 of chlorite Veralcullte, and kaolinite corresponds sellg

to the low, Intermediate, and high uranius concentrationorders of magnitude higher than that tvpecally otnerved for intact granitic
rock (10 0 wsp. Also, the daia show that the seating proper ies of the zones, respectively. This strongly suggests that the
cement grovt are improved by adding sihca fume and by reducing the value process, sechanisas, and kinetics of the chlorite
of the wic ratio. that is, by decreasing connected capillarv pore space in alteratlon affect the uranlua altration in Koongarra,
'h' 8 *' - The crystal and physical cheelstry of chlorite and its

altered products well accounts for the uranlue
The hdyraulic conductmtv data coupled with Celd work and other laboriitorv I "'

data strongly suggesi that the referente groul can be successfulls emplowed
to seal Anely fractured rock in the vicinity of a nuclear fuel waste disposal

P5.21vault-

COMPARISON OF TUFF, GRANITE, AND BASALT AS HIGH-
LEVEL REPOSITORY HOST ROCKS: LITHOLOGIC FACTORSP5M
INFLUENCING FLUID COMPOSITIONS. E _C, Ulmer, V. J. Grassi,

SENSITIVITY OF A CEMENTITIOUS GEOCHEMICAL MODEL TO A. Lee, D. E. Grandstaff, Geology Dept., Temple University,
CHANGES IN THE GlBB'S FREE ENERGY OF THE COMPONENTS. Philadelphia, PA 19122
Mark A Gardrner and Craig A. Givens. IT Corporation, A!buQuerque,
NM Although most variations in (silicate) rock composition do not

strongly alter the nature of fluids fesulting from water rock
Because expenmental thermodynamic data for many phases used in interactions (Grandstaff et at,1990), hydrothermal expenments
modeling comentitious matenals have been unavailable, caiculated data and examination of natural analogs have revealed that for
nave typically been used instead. However, many times tne quality of siliceous rocks (> 70% SiO ), there are some host rock
the data is suspect. and dittenng values have been reported for the parameters that may affect th,e composition of groundwaters -
same mineral by different researeners. In this paper, the sensitmty of resutting from rock water reactions in a high level nuclear waste
a particular cementitious model to changes in the G.bb's free energy of repository. Among these factors are crystallinity and ferrous iron
its components is assessed. content.

The cementitious model enosen was compnsed of the phases in Dickson rocking autoclave experiments at 300*C the f0,
tobermonte, ettnngite, hy1rogarnet, portlandite and Na and K residua! produced by reactions with glass.nch (>90% g! ass) tuffaceous
alkabs. These phases were cnosen eitner because they have actually rocks is 3 5 orders of magnitude more oxidizing than those with
been documented as present in cementitious matenals or because they holocrystalline granite or basalts. Tnis difference will certainly
may serve as reasonaole promes for actual phases. The amount of affect corrosion of container materials; affect on solubility and
change in Gibb's free energy enosen was datermined by tne range of mobility of radionuclides, such as U, Np, and Tc, must also be
reported tree energy values in the literature, the error associated witn considered. Reactions of glassy tuffaceous rocks also produce
those values, and by estimating the effect low degrees of crystalhnity higher dissolved silica concentrations and lower pH values. Lower
would have on tne onases enosen to proxy for actual cementitious pH values will also increase rates of container corrosion; the
phases (e.g., in the case of C S H). higher SiO values may produce different, but possibly beneficial '

2
secondary minerals such as zeolites that would sorb radior'uclides

Results of the modeling indicate that, as expected, changing tne G,bb's or quartz that would decrease porosity. Tuffaceous silicie rocks
free energy of minor and/or nighly soluble pnases causes little change generally are low in ferrous iron (<2% FeO). Thus, they heve icw

,

in the predicted sealing performance of the grout, while enanging the redox buffer capacity which might De Quickly exnausted oy
free energy of the dominant C S.H phase causes the greatest enange.
Furtner, changing the free energy of the dominant silicate nyorate pnase

reaction with oxidized groundwaters entenng the repository

in tne model by as little as 0.5% could alter tr's predicted performance The combination of lower pH, more oxidtzed redox potential, and
of the matenal by as mucn as an order of magnituce. Oitterences in lower redox buffer capacty may render tttraccous rocks less than
tree energy as low as 0.25% bebween calculated and expenmentally
determined values can be obtained for silicates using the method of desirable for host rocks for a nuclear waste repository,

Chermak & Rimstadt (1989), using the sum of polyhedral contrioutions.
However, Inss work suggests tnat these errors may or may not be too P5 22
great, depending on tne per1ormance critena of the grout.

HIGH. TEMPERATURE ANNEAUNG OF NATURAL UO2. Janu171
a:::t:1rJL and Rodney C. Ewing, University of New Mexico,

M.20 Albuquerque. NM 87131.
,

EFF W " CilLORITE ALTERATION ON t,RA3101 REDIG lIBt.T!ON
K00%CLRRA, " STRALIA. Takashi Murakaat , and li t rosh! Four powdered samolcs of natural UO2 (uraninite) were annealed in a'

,

0 4 6reducing atmosphere up to 1200 C. U + to U ' ratio and degree ofIsobe, Japan AtoL ' Energy Nesearch institute. T,kal,

Ibaraki 319-11. Japan, and Robert Edentil. \ustralian crystallinity vaned from sample to sample. The initial unit cell
%uclear Science and Technology Organisation. P'' O 1, parameter values ranged from 0.5463 to 0.5385 nm. Three samples
Menal, %SW 2234. Wstralia cens3ted of a mixture cf UO2 x and UO2.2s as determined by BSE

l
,
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imp 0*s and X ray diffraction analysis. Small amounts of the UO2.25 6EM application to advective diffusion probless dif ficult. therefore,
occur in a!! Samples after annealing. Only the sample with the lowsst the eethod has been approsteated in the past relevant publications.initial unit cell parameter recovered fully after annealing (s. 0.54654

*~
* nm at 12000C). The thermal recovery curve of this sample resemoles Ih' par.er desettbes the eethod to carry out the tree integrals of

that.of syntnetic UaO9. Also the changes in density are most dramatic in foundasental solution analytically, and the usefullness of the
this sample (Ap/p. 21%). The changes in the unit cell parameter with-

0 g gtemperature for all samples (up to 750 0) consist of phenomena that
can be explained by the annealing of pomt defects in ecth sublattices: are applicable not only to the advective ottfuston but also to thersal

0L) migration -ol. oxygen interstitials at 300 C; 24 order. disorder
conduction eith constant flow. The results are obtained free the0 0trantormaison at 450 C; 3.) changes in the U sublattice at 600 750 0.

600 7500C U * reduction associated with the second order exaeples cespared mith analytical solutions or with the results ftce6B gining at
1 transformations dominates the change in Unit cell parametar. other numerical codes. Further. sisration of nucitdes =lth decay chain

n constant groundwater velocity are treated c:aparison with results ofDecause of their geological age (600 300 m.y.) all sampfes
experienced similar a. decay dose followed by self annsakng. the finite elesent sethod.
However, oxidation is mof e importaat in creating defects within
uransnite structure than a-decay damage due to self irramation.

PS.25

THREE DIMEN510NAL VISUALIZATION: A NEANS OF OPTIN!!!NGP5.23
ANALYS!$ OF TECHNICAL INF0RNATION FOR A GEOLOGIC REP 051 TORY

ON THE COMPARISON OF THE EFFECT OF pH ON THE FOR HIGH. LEVEL NUCLEAR WA5TE. Donald H. Alexandgg ,
6SOLUBILITY OF AN UNIRRADIATED 002 IN BOTH PER E. Richard Hill'. John L. Smoot . Dennis R. Smith' Karen

Waldo', Kenneth G. Eggert , and Kenneth M. Krupka#,,8CHLORATE AND CHLORIDE TEST SOLUTIONS. INFLUENSE
OF THE SOLID MORPHOLOGY. E. Torrero, I. Casas,
M. Aguilar, J..de Pablo, J~ Gimenez, Dep. Chem. Computer graphics systems that provide interactive display
Engineering, UPC, Barcelona, Spaint and J. Bruno and manipulation of three dimensional data are powerful
Dep. Inorg. Chem., KTH, Stockholm, Sweden. tools for analysis, communication, and organization of-

technical information required for characterization and
The solubility of a powdered crystalline ura- design of a geologic repository for nuclear waste. Greater
nium dioxide has been studied under reducing understanding 13 possible though visualization of the
conditions, at 25 oc, using chloride and per. geometric and property relationships of geologic information
chlorate as test solutions, for a proposed site, engineering data for the surface and

subsurface facilities, and the results of performance.
The solid composition and its morphology have assessment modeling.
'been.followed by X-ray Powder Diffraction (XPD)
and Scanning Electron Microscopy (SEM). Commercially-available, graphics software was used to

interactively visualize and analyze the results of three.
The results obtained have shown an increase of dimensional, transport model simulations of hypothetical-
the solubility at acidic pH values when chloride radionuclide release from spent fuel canisters placed in a
is'used instead of perchlorate as. ionic medium, geologic repository located at Yucca Mountain, Nevada. The
whereas no significant difference is observed. concentration contours of the subsurface radionuclide plumes
at neutral to alkaline pH values, are shown in three dimensional space. The software

incorporates models for the interpolation and extrapolation
'the XPD and SEM observations point to the fact of data over the three.dtmensional space of interest. Users
that at acidic pH values the'UO2 particles suf - may assess-the three dimensional distribution of data and .
far a degradation process that increases drasti- modeling results by interactive zooming, rotating, slicing,
cally the total surface area of the solid, which and peeling operations on models of the site and proposed
has been measured by the BET method, correlating repository.'
in this way the solubilities obtained.

(a) U.S. Dept. of Energy, Washington,-DC-
The ura

.

1 anti 5 . -(b) Pacific Northwest Laboratory, Richland, WAmol-dm"gium concentrations determinea atchloride concentrations-are also com- (c) Oynamic Graphics, Inc., Bethesda, M0
pared in order to assess the influence-of this -(d) Los Alamos National Laboratory, Los Alamos, NM-
anion in the leaching process.

P516
3~g

MODELLING THE CHEMICAL BEHAV!OUR OF RADIONUCLIOES IN WASTEDirect Analysts of Tise Dependent fundasental Solution in ihree- DISPOSAL IN GRANITE. R. hbdol . BRGM. Orldans, FR,
Disensional Transient Advection Diffuston by Boundary Element G. OUZOUNIAN, ANORA, Fontenay aux Roses FR.

Method. Ryuji basura. Inforsation and Mathematical Science Radionuclides in nature as other elements are mainly tran -
Laboratory, Inc., 2 4bl. Ikebukuro. Toshisaku. Tokyo 171 sported by water as single or complex tons. In order to ala.

borate safety models, the limiting concentrations of rao:o-
nuclides in water have been determined. The only mechanisn.

The advective diffusion analyses have been applied to sany fields of taken into account is the control of asueous concentrations
D # *

science and engineering. such as a dispersion of cheatcally reacting- tion and tonic exchange are considered as additional retar-
(first order reaction) substance, thersal conduction in fluid, dation factors. The calculation was performed with the code

CEQSY in which e quilibrium ' state is reached by the Gibbs
eNrceagnette field caused by a soving sagnet, electron transport free energy minimisation, constrained by mass balances. The
to setteceductors, underground stgration of radtoactive waste, and model ,as applied to a granitic system. with two different

engineered barriers. Temperature is varied with the dist.so on. In solving the transient advective diffusion equations by the ance to the waste wnten delivers Sr. U Pu, Ng, Th. Ra, Se.
boundary element eethod, however, tlse integrations of foundamental .The behaviour of these elements appears to be independent

W en baWs medah, W mnW Wn.
solutton appear in the boundary integral equation, which sakes the dent on temperature effect on mineral solubilities.

|
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PS.27 3.. . inn. . .t h um cu wa i n p r .v r a,. hv. 6 hts os c
" " * * ' " #'''"**'*"'"** "'"'"**''8" ''*""'"""i"'"'#*'' *DI.FTUSION POROSITY AND DIFTUSIVITY OF
"'*""d*'''"' * ' " " **# '*"** **""''"' **"du''"* '" "'*"" **'RADICNUCI. IDES IN CRANTIC ROCKS. PART II: * " ' " * " "**'"'""''"'*"'"''d"'*"*"**''"'"# " "'DIrfVSIVITY AND ELECTRICAL RESISTIVITY.
''"''"*" '"'

'""'"'"'"""*''"#'"''"*/*"*"'"""'"""''i MEASUREMENTS IN ROCK MATRIX AROUND TRACTURES*
" ' * * " " ' " " ' " " ' ' " ' ' ' "' " * " * * " " " ' " ' ' * ' ' "Heikki Kumpulainen, Arte Muurinen and Kari
" " " " ' " ' '" "'" "'"""""*'"'''Uusheimo, Technical Research Centre of Finland,

Reactor Laboratory, SF-02150 Espoo, Finland '""". .is . . u , m ouna. .tcr .n e-, A . ,am, r un is .t ranvi v

e . au . o.g . mnre it .. lueened tre... c.t.n unterney t his e r uu..d.

Microfracturing of rock Ntrix around permeable +i u a, i .iu n unsa.ng, uwe . t..in t o t.. pr <.resavi. . n r i.

fractures was studied experimentally from drill ' '* 4 " 8 ' ""' " a6"r " hd *' * * "***'* d**"..rds. mn.r.1,

core samples around major fractures. The ''"''"'""*"*"a8" "a r r"' "d L d 6" 8 ""*' ' *'t S ""t r ibut un t o
methods used were diffusion measurements using " ' " " ' 8''*("***.

"C1 tracer and electrical resistivity . h. - . cou. n.n .. vgu t; $ ut un, s e wuna.a.w a, e suppr. . .I s e

measurements on samples saturated with IM Nacl u.a t oe r no.nn .n u. 6 ,re.,c r aniste.n. for went nuc l.n we
solution. Rock samples were granite around a .nu ou.wa y a.. 16 i n. noen year...d. hu.evue, u t in u
partially filled carbonate fracture from the c.r.e ne 4...n.tus r svi v. r.o irut .iis create amidi.nns
depth of 333 m and gneiss around a slickenside . .n.a. t . ua . s. aro e. yor.. or pio ra.i voussion .. n .uwc h umr u

fracture. .. ius,te una c ..a. ,...e u r esuu us r eno.t. uni.. r an.nnus t1Jn
u.. u ht t, e ore ..a ..t rather each conwau. uva.. su u. 6 e v.u.

The apparent diffusivities were approximately . . . p r ae n.., i..o 6. .vuu .ns canaio.n. in or din.r v
of the same order of magnitudw. None of the i . u.nia.. t en ..ru . pi.e ma en e.a.ioro u re.i..oins rires.crous
changing parameters i.e. salt concentration uf . t h. a ihn e ve. ..ury or .n th. e ac h ..n . canne to it. Thii,

the solution, rock and fracture type ur ..n an e.. u4 wawinist.wi. nr sv.cs ord.s s or unan.tuuw,

distance frem the fracture surface nad any ..n.i u.u . the r ao...iue no.. ..e . ie i. ei o..ni..o truiu ane s rias
clearly systematic offect on the apparent u.o . .. , nn.n ns ,

diffusivities. n,,, ,,,,,,. .v. m u.i . t - u.. iinn..uer .v usm .4 in.

im.o ue. gov ir una.n .tood. The s e ouna..itor t. .a v autti-
The effective diffusivities and porosities, on

i.. . u i. ve- ru. m u.nni inn witn 4 re. mun.r.l . . one the
the contrary, depended strongly on the salt , n,, g,,,, 3, g , , , , , , , , , , ,,,,,,i % ,, ,,ius v.a....T u oui r
concentration of water used to saturate the en.nor n. hi6 i. .. .. a.4, or vvd in the tracturn = alls. 4a.: .hnch
rock satsples and on the measurement techniques. , , , g,,,,m,,,,,, , an.a. iu u.o su ound au.. ruso r.

.q u a .n e .... men.. . ....n uo.,n aniu tu p r onie t e..t.u au s hi p.

PS.28

RADICACTIVE TRACER STUDY PERFORMED IN A DIPOLE
CEOMETRY .IN A HIGHLY CONDUCTIVE FRACTURE ZONE. enitten extensos comerwrutiona con pimno or austanstic un nion-nics:L

.Johan Bvecard, Gunnar Skarnamark, Mats Skalberg, 'N. N,$N $$.Id" U.#',$$**'E.N c*"'' "" '
r r

Dpt. of Nuclear Chemistry, Chalmers University of
Technology, S-412 96 Gothenburg, Sweden. .s .r t ...s u.,t s.te..no.,u.n-ni.cu.i .n ov.,.r. 6 6.e.nn taer d.... c n .: ni n.i... m in.t.,...to.s 3u m .. .e .rie tu. o in i.- i m a.v. u n ....ti.vo no u . .t.. a .

r.
.

A radioas:tive. tracer' experiment has been perfomed
M NNed."*N*ON.N#NtE.' nut @IN'*N.1..rN'".*ntr.44.n

""*""
in a highly conductive f racture - zone, where a Po Th. oratic.4 entore

.c s.ntted.yn..so.pel.rns.tt.n t..t..om v a n u meu.s.cnn e.r.p 6n .pi.tt tng pet.n.t.a.t . Th.o.nc ..t .c.t
$n,naeanant.n
6 wit pr patov . r.dipole geometry was obtained by pumping up water itn er . aure r.u. nad ey urm o-i.a to cc

.from an isolated part at the fac*"re Zone in a ud an w cutut et natig tnanuun ud.u fu
"" ' " " " * ' " 'borehole and then-leading the wa+ down to the

same fracture zone in another b1 .4 hole. Tracers
were injected to this system and the breakthrough PS.31
'was registered in the pumping borehole and at two
other boreholes at each side of the dipole.. ST.'.TISTICALLY DES!GNED LEAD CCRROSION EXPERIMEtriS FOR

. NUCLEAR VASTE DISPOSAL. P. Mani Mathev and P.A.~Krueger,
Anions ( '" I' and "Dr') and complexert metal ions Containment . Analysis Brantn atomic Energy of Canadae

.("Cr-EDTA, "Co- EDTA , "'"I n-E DTA , "La-DOTA, 1"Tb, Limitade Pinava. Manitoba R0E ILO
EDTA , ~ '"Yb-EDTA and Lu-DOTA) were injected and'

The Canadian Nuclear Fuel Vaste Management Program istheir properties as. non-sorbing tracers were
evaluating two basic supported-shell container conceptsevaluated. 'Desides that. studies of slightly for used. fuel immobilisation. One concept uses asoretive cations fNa', "Co'*, "Rb* and anTl*) were
compacted particulate material within the' container toalso performad. ' 7c0/ and its chomical analogue

"*Reo/ were also injected in order to to study the support the thin corrosion. resistant shell. The other
concept, called "the metal-matrix concept", uses a cast.behaviour of Tc at low redox-potentials. in. place metal = matrix for shell support. A corrosion.
resistant metal. matrix could provide an additionalBreakthrough are obtained for Re and for all metal barrier to radionuclide release from .a breacheocomplexes . and anions. Some differences in the

! recovery yields can be seen. No transport of container.
catiens . can be observed, except for Na, althoughi-

L This ' paper describes studies of galvanic corrostoc ofobservation has been made. for a long time. In
I contrary to Re any- breakthrough of Tc can not be lead, a candidate matrix metal, coupled with ASTM Grade-2
| . observed. This. indicates that the injected Tc0/ is titantua, a candidate container-shell material. In these

studies the . f rac tional factorial 'catistical design of| . completely reduced, probably to Tc0 , and sorbed.
4 Box Behnken was used to develop mathematical'j

l relationships between the indehndent variables and the
.

P5.29 corrosion rate of lead. The results cf two series of
tests are reported. In the first series the ef fect of

- n uvi.na s una innuern woor ruuu r IN 1 HL mt.An Ftri o ' or A three variables, namely, th. ionic strength of simulated
uwo.i i on v i uw m m r ruri . Canadian Shield groundwater, titanium-to-lead surface
c n.a u .. d.. u".y a,,, ,,,,,,[l,3 ,T, area ratio and- the diameter of exposed lead, wase,,,u,, r ,

| .. b,cnnoie n investigated. In the second series the third variable of
g,'(.ge> cut

e,.... mu oit,or k the first test series, the diameter of exposed lead was
replaced by the exposure time. Mathematical expressions
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.c

were sittivsd for the leed corrosion rate as a function of * the maatao toweretore on the evter eves e. se timates to . too.c
" ' "***** * * " ' '

q _.ths indeP'ndent variables'- "en''he'u'pu'"n't a"en note'. a"ttoestae' 'eet and pe"r con 64te's a su".''' -w' '"' "''"4 " * * * " * * * * *
t t

1200 W.
, Th's results show a decrease in lead corrosion tale with'

inercas trig exposure time. The rate increases with * fne amenanical assign lead ret the centster is il MPs esternet
pausure. The masamen oesten prenne as suusse to be aanettvun

I inercasing lonic strength and titantua.to. lead surface " * " "' ' ' " " " " " ' 'area ratio. An increase in the diameter of exposed lead
does not-appear to affeet the corroAl,on rate. the usamum tenstae stesta in coppe materten as 11 mites to a t. ;

according to the numetteet onelysis pottersed, if the eeppet one4&
nos e a = e.p ett over ene tusae 3eint .e. inst the sie.t snen .no
the copper &&ner is pressed aga4nst tne steet shell, the Local

. p3'g mestman pteette (posat& vel stf 4&n &n coppet malettet 6s tem & Led te
''

UNCERTAINTIES IN COSTAINER FAILURE TIME
PREDICTIONS. R. E. Williford. Pacific Northwest Laboratory. tne e.cn.nican at%.netentn, et sne copp.if et,e 5 ceniste, is m.oe

*'^ ** rannish stanner$s tarsi f et preesute vessett. itRichland, WA. . u"'"soon'a 'u' *t sne tanee shen couto i4 pesaveea comeroisany . ts t
2

or use or pene.se vuset stuts :: no ne in.,e .re piect.c.

Stochastic variations in the local chemical environment of a passat,44ttaes to sneru se the cesten press se et the cenanter,

geologic waste repository can cause corfesponding Variations in turman straans au stresses tew nn no ews noyer of no
container corrosion rates and failure times, and thus in eenister auin, sne esotin, pe,i e .: sne eentstu in sne upointon

radionuclide release rates. His paper addresses how well the u2e were stuuteo and found out to be os . cy tasste stenar c. nee,

future variations in repository chemistries must be known in ^'" * *'
'""a'.'na' "t ovna not to'"t,e e atuu tonin, 's ect o r" ''***""''"P " " " ' * " ' * * ' " " " *

.ere ev.to.se ,

order to predict container failure times that are bounded by a
finite time period within the repository lifetime. Temporal
variations M local chemistries are modeled by a type of random Ps.34

walk called tectional Brownian motion, with a Hunt exponent EVAIN ATION OF THERM AL CONDUCTIVITY OF
H=0.72 developed from 2000 years of climatological 13 ACKFILL M ATERIAL VIA A TRIAL FUNCTION TECil.
observations. -In this restricted and idealized study, uniform and NIQt;E, Xu, D.ht.. Yong. R.N., and Me ham *d A M O Geotech-

nical Research Centre, NicGill Uruvenity, Montreal Canada.
localized corrosion processes are modeled by a generic, power,
law equation that admits variations both in corrosion rates and it is known that the thermal conductmir of a soilis a function
mechanisms, but is limited to the continuous immersion case, of its moisture content. With the emitence of temperature grad-
The analysis is relative because no absolute corrosion rates or pnts m a soil me6um, the moisture in the :nedium will reestnbute

itself to new equihbnum values to conform with the apphed tem-
f.tllure tirnes are computed; only the propagation of

Eution wbra6ent, Subsequently, the new moisture content distri-rature
uncer%inties through the above model are treated.. Preliminary affect the temperature estnbution in the soil medium
results indicate that a 4000 to 5000 year scatter in predicted This process indicates the couphas effect between the temperature
cotituiner failure times may be possible if repository chemistries sad moisture distribution in a porous me6um.
can be known to within 25 to 210% over the repository lifetime. to this study, a trial function technique is used to obtam an -
These are small uncertainties compared to carrent estimates. analytical solution for the temperature distnbution. The tnent of

this method not only lies m its simplicity but also offers an analyt.

leal formulation in a form that permiu one to clearl(y visuahse the -Pacific Northwest Laboratory is operated for the U.S.
samhance of ibe phyteal parameters e g, therma conduct,mty.Department of Energy by Battelle MemorialInstitute under Since the therrnal conductivity of the soil matenal a not always

Contract DE AC06 76RLO 1830' known in adunce, therefore one task of the solution tecnnique is
' to determine its value. In using the trial function techmque. the

task can be fulfilled m a manner which used the data perta. rung to
P$33 heat front movement.
aN aovancro coto emoets: cantsrta castGN Foa NUcLaAa ustt D!sPosal' A senes of tests have been E'riormed at the Geotechnical Re.notant matto. Technicat Reseason centre et rintand, Nuctest search Centre on bac.khl! matenal under imposed temperature gra-
Engineersnq L40esstorys and n u m * % teetitsuuden voima oy. tdients. It has been cemonstrated that the water content distnbu-
teottnauuden voima oy (tvoi has recently destvered to the rinnaan tion during the transient piecess does not affect the temperature
ausnuttnu a new tecnnicas pten so: encapsulation or spent nuclear distnbution. The trial function technique ha.: been apphed to cal.
rust, tne so catted cold process seennique =tta replace eactier used culate the thermal conouctmty of the backf!!! matenal. Usms the
us.1 type encapautation pr<icess, gg;culated values and the proposed tvelhod of r,olution the tema

perature pt,otiles have been raiculated. -The companson betweenthe sort toe optsatsarion of the encapautetten process has been in the theoretical predittton of the temperaWre pronlas and the eVprogsess esace 19st. the purpuse of the studies has oeen to sevelop
a mesnad ter encapeuteston in ntch elevated temperatures are not penmentally measured temperature profi.es shows good agreement
sequared for predactne e copper canister of outstaient structuret except in the viemity of the heating boundary. where a thin ther.
steottity, notten toad castane as 6n the cold process suostituted by mal boundary' layer exists. The vaporization process in this thin
solid granulate centster stating matutet.- sy ints way the doten. layer contnbutes to the turbulent effect which can be modeled 'e'v
and operatkon of the conditioning ptant can be stoptified t N s using a thermal shock Condition. The Vtpontation process has notresulting in-arcensed sarety and teproved econentes. - g gg
An advsnced cold process cantstet design, acpC dessen, as presented
in Fig.4 and Fig.J. The structuse consists et a steen canistet as a

~ toad nearing etement,-with an outer corroston shtend of oxygen f ree PS.35
cappet. tne wast thschness for the copper thett is 60 en and for tne
stut enett ss = correspondinety. two outer copper tid is to be MODELLING STUDIES OF SORPTION OF URANIUM AND

- auted using atoesran nea .eiding. tne anside steet iad is d. ten.d PLUTONIUM IN TIIE FAR FIELD OF A NUCLEAR WASTE
ta oe teas st,nt onay ducta, ine s.atta, etd process os sne coppe REPOSITORY. A.Haworth S.M.Sharland and c1 Tweed. Radwaste .
'd'

'

Disposal R&D Division. AEA Decomrrissioning and Radwaste, AEA

the untsier itt.te.e,stled .ith oranutae maternat. suen as tea.
Technology, Harwell Laboratory, Didcot OXON OX110RA.

sne u , giass oe.d o u ru sand. saou no,y tesu uve been

[8 8'*g,g 8;g [',*,*j,4"'",'*"i.",,,$8 'j'd '['y",j'"** Sorption can greatly retard the. migration of dissolved radionuclides, ,

queen sand, orata :tsu netuen o.s * a , a deuity or t.s n, idea from a radioactive waste repository to the biosphere. Many safety-
6. s>ustone. assessment models for radioactive waste disposal make use of a linear

s rPtion isotherm derived from experiment. However. for some
tne main conditsens to, the canister duten ne the soito.ing onn, systems, the observed isotherm values een vary greatly with,

measurement technique. it is therefore important to mvestigate such- when du ngnine tne cold process encapsutation plant, the maatmum
radiasson tevet on tne outer surrace or th canister us ut.cs.d to effects in order to appreciate possible timitations of this approach in
ce set. too msv/h. shfety assessments.

!
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In this paper, modellir1 studies of sorption of radionuclides onto utntn arout 124 separcte test biro. A test dai la a spec- |
|

'

geologic materials are desenbed. These models aim to simulate ifielly desigwi. extercively ictrumnted, cetal cortun- '
v:rious expenments which measure Rd, botn to aid interpretation of er. approximately 1.2 m x 12 a x o.9 m in siah to allow '

- .the results and to validate the model formulation and database. The for tm partodic samliin of gases, to ocrit.tel th internst
HARPHRQ code (which uses the geochenucal code PHREEQM a bin pras:ures, and to eatoly isolats the radleacttvo i1*
first used to model' batch' sorption crpertments. HARPHRQ wastes.

|,
'

contains several sorption models, including surface complexation
models which take into account electrostatte and other chemical Test gas samles will be obtaine:i periodically from each
interactiorts between the aqueous species and surface. De choice of bin and epantitatively aralyte:1 for gases gennrata$ by
model depends on the prectse system under consideration. He m1tiple weatJe degradation mactanisne ard released as a
parameterised HARPHRQ modeio are then used directly in ranction of tane. asses to be gaantitled also include
simulations of 'through. diffusion' experiments mth the CHEQMATE potentially hazardous volatile organic cuTourris released
code. by the wastes, of environmental safety arti Dwironnental

Prttection Agercy (EPA) hazardous-waste oorcams.
This.modelling approach has previously been opplied i: sorption of
uratuum onto 1.ondon clay, in the current paper, this model is
extended by addition of organic matenals and the results are Ps.35

compared with experiment. Similar studies of plutonium sorption
COUPIID THER.MDRAIE!C BEHAVIOR AROUND ACCESS SHAFTonto far field materials are also presented. SEALED Wml BACKFII.L MATERIAL

J.0KA M D", K.HARA*, N.SASAK!*. K.!SHIHARA* and Y.SAWAUCU!"
M * Power Reactor and Nuclear Fuel Developnent Corporation.

Tokal-sura. Ibaraki-ken. JAPAN
DESIGN AND TENTATIVE RESULTS OF REDOX CAPACITY " KAJIMA Corporation. Akasaka. Minato ku Tokyo, JAPAN
MEASUREMENTS OF GRANITIC ROCKS AND MINERALS.
ygiio 0. Pirhonen. Technical Research Centre Cf Groundwater flow from the repository to the surface through
Finland, Geotechntcal Laboratory. P.O. BOX 108, the sealed access shaf t is considered to tm induced by the
SF-o2150, Espoo, Finland. heat generated from HLW. It is important to estimate the

effect of this heat generation on groundwater flow.
This document presents a procedure and prelimi-
nary results of redox capacity measurements with This paper presents the evaluation of this groundwater flow
granitic rocks and minerals. The on-line in the vicinity of the access shaf t filled with backfill
autoclave technique was used. Oxygen uptake was material by using the coupled thermo-hydraulic model,
measured as a function of Fe(II) reduction in the According to the curront design backfill material within
solid phase, the shaft will be compressed 5 to 15 times every 20 cm with

a vibrating compactor with 60 kg tamper during
In a test run with pulverited granodiorite, dis, construction. Dry density and porosity of backfill material

were determined from the experimental results and thesolved oxygen was measured on line with a par,
construction condition. Hydraulle conductivity wasticular electrode designed for that purpose.
detemined from the experimental results for variousRedox reactions between rock ( B ET 1. 0 m'q ' il and

granite water in NTP conditions reached a diffu- mixtures of bontonite and sand. With respect to thermal
sion controlled reaction state within two weeks. properties of backfill material for the tunnel sealing, the
The maximum reaction rate was measured during a properties used in Stripa Project were adopted,

two days period whey 3.0 x10[of Transient coupled therno-hydraulic FEM analysis was carried
mol 1" s" of

oxygen and 5.8 x 10 mol 1 s Fe(II) were out for the asisymmetric model. The repository was assumedconsumed. 17 % of Te(II) in solid phase was to te located at 1000 m depth, and the access shaf t wasoxidized before the diffusion phase. At this
stage the oxygen pressure was increased up to 100 located at the center of the repository,
bar. Three weeks later, minor amount (0.07 %) ne results showed that hydraulic gradient of groundwatorof Fe(II) was oxidized. According to the result. flon alcng the sealed shaf t was approximately 1/1000 at thethe measured maximum redox capacity of pulverized tne 1000 years af ter clousure of the repository,granodiorite is J.001 mmol/g (BET 1.0 m /g) . A
theoretical naximum redox capasity could be one
order of magnitude greater. P5.39

BENTONITE-GROUNDWATER INTERACTION IN INERT
PS.37 NITROGEN ATh0 SPHERE. Anna Nystrom, Irdne Lunden,

Dep. of Nuclear Chemistry, Chalmers UniversityTHE WIPP BIN-SCAII Of W WASTE TEST MOGRAM: D(ITIATION of Technology, Goteborg, SWEDENMartin A. Molecke, Sandia Natiotal I&c. , Albuquezque, NM.

The Wasta Isolation Pilot Plant (WIPP) is sche 111ect to te- A study concerning the intfluence of bentonite
come the first opersting nuclear vasta repositoty in the (MX-80) on the chemical composition of syntheticUnited States. The first contact-handled transuranic (01 granitic groundwater has been performed underTRU) wastes to be shi@od to ami emplamd in the WIPP will inert nitrogen atmosphere,
te incogorated into a series of scientific tests. A UIPP
bin-scala M vaste test has been set up ard recently initi- The study included one statically, and twoated, to specifically prtwido needed waste degradatiervgas dynamically leached bentonite samplos. In one of
generation data to tne WIPP performance -aa'mt progrvn. the dynamically leached samples an addition of
in anticipation of first actual (radicactive) waste re- 11 copper powder was made.
caipt. This papert a) provides a technical descriptien of
the omoirq test program and associataxi equipnent; b) char- Water samples were drawn after 12, 18, 25, and
acterizes the types of W vastes unext in these tests: c) 41 days. The samples were then analyzed withreviews the initial gas-ganeration data obtainext for the

respect to the total concentrations of K, Na,bnseline-reference (non-waste) seg,ent of the test; ami, d) Mg, Ca, Cu, Fe, A1, and Si using atomic
provides a status report on the WIPP and its relataxi scien- at:orption spectrometry. The concentrations oftific programs. C1~, and SO -2 were measured using ionNO ~,3 4

cromatography. pH and Eh measurement were
This bin-scale procram involves the testing of about 600 performed inside the nitrogen filled glovebox,drun-volump- W u liter) of actual Of W wastes contained

487
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CHARACTLk!STICS W BOON CLAY AS SLALING AND BACKFILLINGOndc MATERIAL. Ceert T.C. VotCKA M T, Frank T,l.,
VANDERVooRTs W O IOI Oi SAb OOOOO bI Ih0 NE I IbESscK/cEN, Moi, N gaum indiC&tt$ that &5 COndQCtivity Of the SQV12VIUhent

#

U
69Cr$4048, &Dd C0rf00100 rate decre4848, theIn liefatum the SCK/CEN is studying the geological disposal

of hLsh level radioactive waste in the Boos clayy degree of 10Calised attat$t incretSt8e
gig t'orma t ion. In such an argillaceous repository the
R h # * * I I *' # * * * * "" '''*"''""I""" '' ^ #^

A
Si preltminary selection study has shown that highly

compacte,s noe, clay to potentially a suttable seating and 'p backfilling material. It is a logic choice to try toci re-use the excavated clay because of tes evident PHASE RELATIONS OF THE URANYL OXIDE HYDRATESgeocheatcal compat thility and easy availability,
AND THEIR SIONIFICANCE TO THE DISPOSAL OF SPENT

tt
(1 plfgt

Thereture an experimental program was seto
up to determine

the main sealing properties vi highly compacted boom clay. R. J Nh and R. C. Ewing. Universtry of New Mexico, Albuquerque
g

New Mexico,87131v

The results rd the measurement of volumetric swelling,
,

"

I swelling-pressure and hydraulte conductivity are toported.
The deusity and init 141 dearee of saturatton are used as ne geochemical modelling of the corrosion of spent fuel I

o
vartabtee. Models Are proposed for the relatton between

identified as an alteraDon product of spent fuel (Bates, er al 1990) requires a knowledge of the alterauon products. Becquertlite has been
b

dens (t> and swelltop-pressure and for the reistton between {l. density and hydraulic concucttvity, Urartirdre (UO . . I
2n) is a natuni analogue for the long term behavior ofr-

spent fuel in an aqueous envuonment.
The corrosion of uraninite

;1 The
influence of hydro-thermal conditions on the swelling

hydrous uranyl oxides known as the becquerebte group of minerals, produces a complex assemblage of alteranon products, including the
|and hydrautte proper tes are indicated.g

The becquerelite group has a layeraype structure wuh water and
I

The experimental est-up and the procedure are briefly excharigeable cations occupying interlayer sites.'
deseribed.'

Sobry (1971) proposed a substitutiond scheme for the altention'

of the becquerebte cmnerals through the coupled substitucon ofg'y

intertayer water and aqueous ions. Dehydranon of these phases is also
vi tmponant altention process.A REV!rW FRoCtts AND A DATA &Ast toA uAsTI.P4CKA61 DOCUMENTS

Our analysis of Sobry'a, scheme using a temary diagnm (UOrCHARL1s C. itfTtRAANTie. CAala A. Mess!NA*e, AND ANNA C. TRAKEA*** s

H 0 MO, M es Ca, Pb, n Nap N, etc.) explatns some of the2
* Nuclear Regutatory Cometesten. Washington. DC 20ss$ * 8**Caneuttent. 940o Marquette Ortve , setheads. MD 20417 * 9

se*Nettenal Institute of standards and feehnetegy. catthereburg. Mo tos99 minerals generally coexist with curtte, Pb UsOttnH 0, a precursor to2

uranyl phosphates) suggesang cunte tnay play a entical role in the
2

th. vert ree. rte 4 here to part of a prestaa s aadu c ed by the Nu tes, alteranon sequence. Clarkette. (Na1.Ca)UsO,, tnay be important atacautatery c. testen en the arrieser er proposed etane ter radienuettee
elevated tetnperatures and high lonic strengths. The sequence ofcaust mt cor tons.ter. .terage er high.tevet nuete r vest. (Mtu>. an(gertant e te.eu et that presr== is the r e v i e,, and evaluettens et formanon of unnyt phases dunng the corrosion of spent fuel probablyavstlante titerature en seaponente et a waste postage. A revtew presses depends more strongly ort kinenes than on thermodynamset.end a database have been devotaped and tattered te prowlde tatoraatten

quitsty to an snowtout who hu a quutten about a parttsutar maternat eresepenent et a waste eachase. The 44taba** Le untevely eutt** to serve *e
P6.3e guide to indstete spectat arose where data and internatten needs estat eneusttene ro tated

to radtenuettd. eentainment. Adattaens ce the database
DIS $0LtfTION BEHAVIOUR OF USED CANDU FUEL UNDER REDUCINGus maae u internation becee s avattable, and this saures ta as surrent 4.pubstehed titerature. A desertetten of the review procese and the CONDITIONS. J.C. Tait, S. Stroes-Cascoyne, V.H. Hocking,-LM. hh, L J. MGWLLWh,26NmW
Nuclear Research Establishment. Pleava, Manitoba, Canada.

Ps 42

The dissolution behaviour of used CANDU fuel in aqueousEFFECT OF CKY98f T9UWSPOa? AND RE8ISTIVITY OF WE solutions has been examined under mildly reducing condi-
ENVIRC3am@ Car 'INE CORACSE3r OF SWEt,. tioni at 100'C for periods of about one year. The objec-

tives were to study a ' breached container' scenario by-L ***e,
U. BertOCCie 10atioCA1 ZD8titVte Of investigating the ef fects of various container components

Standagids and Technology, Gaithers2Kirm ND; and T. and groundwaters on
the dissolution of used CANDU fuel.

C3ea, Nippost Steel Corp. Japan The components studied were titanium (container material),
careon steel (fuel bundle support basket) and alumino-
silicate glass beads (container infill material). Leachingsolutions included detonized water (DIV) and synthetic'11218 study is directed at iLieftigating the rate
saline groundvaters, some of which had been pre-equilibra-

;

I

Cf CorTOs100 And its spatial diatribution, that ted with Na-bentonite (buffer material).
,

deftlep under 00hdititu18 whez*e transport of Oscygen
The presence or absence of glass heads or carbon steel didand 000ductivity of the environment are Controlled sk,*,*seSr. " '''

!
CVer & tride T&DGee 1ACludiD9 low CQaductivity as

trations were one to two orders of magnitude higher in
Tc a su or Pu An. Ra onuclide n

SMpected in the htCCA Nountain envirosument. Tna s mu * a urs dan M m . Rehases be cW Ms
sa

were higher than those from fuel fragments. It appears
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tnat ones elldly reducing conditions are established in the In 50 mM H 0, (no irradiation) the corrosion
t e a c* nan t , furthst - radionuclids - release f rom the fusi is rate was 14 ug em'3d** after 6 d exposure at
inhibited and radionuclide concentrations in solution pH 8. Corresponding rates for oxidation by 0

3"

'. ' become virtually constant. Measurements of the oxidation and OH radicais were about 3 5g.cm'8d''. (Dosestate of some of the leached f uel segments, using X ray rate about 700 Gy/h.)
pnotoelectron spectroscopy, show a surf ace composition - of

dative dissolNo,n.below the postulated threshold for o41less than U0
Scanning electron microscopy examina. N6

tion of some fuels has indicatgLaccelerated grain-boundary UO MATRIK O!S50LUTION RATES AND CRAIN BOUNDARY INVENTORl[5
attack in saline groundvaters, in agreement with the en, OF,Cs, Sr. AND TC IN SP(NT LWR FUEL. W. J. Grav and D. M.hanced dissolution rates and higher solution concentrations Strachan. Pr.ific Northwest Laboratory, P. O. Box 999
for most radionuclides. v.;M inJ wA 99352.

Experimental methods have been developed for measuring the
P6 4 gratn boundary inventories of radionuclides and for deter-
RE$ULTS FROM LONG TERM 0!$$0LUT10N T[$TS U$1NG 0I10!!(0 mining whether the U0 matrix of spent light water reactor
SPENT FU[L. Charles N. Wilson, Pacific Northwest Labora. (LWR)fueldissolveskongruently. Measuring the grain.
tory, P. O. Box 999, Richland, WA 99352. boundary inventories first involves low temperature (150*C

to 200'C) air oxidation, which occurs preferenttally along
Two semi static dissolutter tests using extdtzed PWR spent the grain boundaries, making the fuel fragments friable and
fuel specimens are being conducted under ambient hot cell easily separated into individual grains. With the grain
conditions in Nevada Test $tte J.13 well water and unsealed boundaries thus exposed, the associated inventories of
fused silica vessels. The test specimens wera oxidtted at radionuclides can be completely dissolved and measured.
250'C in air to bulk exygen to metal- (0/M) values of 2.21 Tests to date show that grain boundary inventories of Cs and-
and 2.33. Following an initial 191 day test cycle. the Tc are approximately equal to gap inventories, ns expected.
specimens were restarted in fresh J 13 water for a second Other radionuclides and other fuels are being tested.
long term test cycle. Results through the first 40 months
of Cycle 2 are compared with results from similar tests at To determine 'whether the VO matrix of spent fuel dissolves
25'C and 85'C using unexidized spent fuel specimens. congruently,thefuelispulverizedwithoutpreexidation.

This produces individual grains and subgrains (somewhat more
Uranium concentrations in the oxidized fuel tests reached transgranuler fracture occurs than with partially oxidized
steady state values of 1012 ug/mL versus 12 pg/mL with fuel) that are subsequently tested in a flow through column.
unoxidized fuel tested at 25*C. Higher concentrations were Water is pumped through the column at a rate (0.1 to
aisc observed for Am. Cm and Np in 0.4 um filtered samples 1.0 mL/ min) where the concentration of U in the column
from the extdtted fuel tests compared to the unoxidized fuel effluent remains far below saturation. This allows the
tested at 25'C, while Pu concentrations were not affected by forward reaction rate of the U0 matrix to be measured and,
the fuel oxidation state. Initial "Te releases increased by measuring the concentrations,of other radionuclides in
to approximately 0.9% of specimen inventory as a result of the column effluent, the degree of congruency of the dis-
oxidation. Smaller increases in initial "Sr and *! solution process can be determined. Data obtained to date
release were observed as a result of exidation and initial show that the fractional dissolution rate of Cs exceeds that
WCs release was -not significantly affected by fuel of U by no more than about 20%, in contrast to tests with
oxidation.- The longer term continuous release rates of multigrain fuel fragments, which suggest Cs dissolution
"Tc. and apparently 'i'!, were also increased as a result rates two or more times greater than U dissolution rates
of fuel oxidation. The effects of fuel oxidation on even after testing periods lasting several years.
apparent PCs and "Sr release rates in later samples were
small and less than the effects of temperature, pg

This work was supported by Lawrence Livermore National SihtFUEL DISSOLUTION STUDIES IN GRANITIC
Laboratory as part of the Yucca Mountain Project (YMP) Waste GROUNDWATER UNDER OXIC CONDITIONS, AT 25 0C.
Package Task. - The YMP is part of the U.S. Department of Jordi Bruno and Amaia Sandino. Dept. of Inorganic Chemistry.
Energy Civilian Radioactive Waste Management Program. Royal institute of Technology, S-100 44. Stocknoim.

As a result of a collaboration between the swedish and the finnishg3 nuclear waste management programs we are at the present
RADIATION INDUCED DISSOLUTION CF UO . Hilbert studying the dissolution of SIhlFUEL in a wide array of
Christensen, Studsvik Nuclear, 611 82 Nyk6 ping, groundwater compositions and temperatures.
Sweden. In this presentation we will discuss the results obtained on the

dissolution of SIhlFUEL in non--saline groundwaters, under oxic
Radiolysis of water produces radicals and mol- conditions and at 25 00.
ocules, atriongst them the oxidizing species H,0, The SihlFUEL pellets have been prepared by Chalk River
and OH-rad.*als and, in aerated solutions, also Nuclear Laboratories to simulate the chemical composition of

,

o These species are probably responsible for UO spent fuel at two different burnups,30 and 50 hlVd/Kgn .
the oxidation and dissolution of UO observed respectively. Two non-saline granitic groundwaters have been
in a number of experiments. In order to be able used in these experiments, the so-called Allard groundwater and
to model the offeet of water radiolysis on the a more corrplete groundwater which reflects more realistically the
. dissolution of fuel in the disposal vault it is composition of groundwater in equilibrium with granitic bedrock,
essential to study the oxidation mechanism. In The experiments have been performed in three different ways'
the present investigation the etfeet of the batch replenishment under slightly oxic conditions. batch without !

oxidizing species has been studied separately replenishment under constant pO2, and continuous flow-through
using suitable scavengers. under constant pO .2

The results show a completely different release mechanism
A polished specimen of UO, was immersed in if the supply of oxidants is limited (batch replenishment closed

a ~ water and irradiated at ambient temperature oxic system) or if there is a continuous supply of oxidants (batch
;: with co-60 gamma radiation. After irradiation non-replenishment open system). The implications of these

the uranium which had dissolved or precipitated different mechanisms on the dissolution of the minor components
elsewhere than the solid surface, was measured, of SIStFUEL will be discussed in the light of this and surface
and the oxidation of the surface was determined, spectroscopie data of the reacted phases.
using ESCA and SIMS.
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* A DESCRFT10NOFTHE KINETICS AND MECHANISMS.-

WHICH CON 71tOL THE RELEASE OF HLW ELEMENTS f1 TOM Reles.se and Transp rt of Ctsetus C 14 frgm a Ntelsat Weste Repest
SYNROC. K.L. Struth, K.P. Hart. O.R. Lumpksn. P. McGilan. tory in an Unsatursted Medium, W. B. Light. E. D. Zwahlen. T. H. Pigfort

'

- '
J. Bartlett. P. Lam and M.G. Blackforth Austrahan Nuclear Science P. L Chambrt & W. W..L Lee Department of Nuclear 1cgineering. Univer

' -

and Technology Orgarusanon. Lucas Heights Research Laboratones. sity of Califomia and Lawrence Berkeley Laboratory. Uruversity of Califonu,
Berkeley. CA 94720.Sydney, Austraba. -

Dissolution tesu were conducted =en a well characterised Synroc C Wa study the release of HC released u **CO frorn partly failed nuclear wast

specimen (a polyphase titaaste ceramic wasteform) containing containers by analycing me now of gas out of and into the contamer m a nuclea
10 wt % simulated waste. The effect of ternperature and teachant wute rtpository in ar. unsaturated rock. We analyze the transport cf release:
composioon on the mechastisms and kincues of the dissoluuon of "CO with gas. phase advection and dispersion We calcula:e cumulaove rt!eas'
HLW elements from Synroc were investigated by leaching Synroe of "C fmm the enurt repository and mhalauon dose to a matimaDy expose-individual,
samples in doubly deionised water at 70 and 150'C; and in silicate
and carbonate solutions at 70*C, Opucai rneta!!ography, SEM. TEM.
XPS and X ray diffracuon were used before and after the dissoluuon Waste containers will be fded with inert gas before they art sealed. Due t.
expenments, to charactense the primary and secondary phases m and decay heat. temperaturt of the contamer increases. The increased temperatur
on the Synroc samples and to desenbe the morphological and causes the gas prtuurt maide the contamer to increase. and inert gu could leai
cherrucal changes w hich occurred. Cherrucal changes in the teachants out through a penetradon. carrying with it gaseous radioacuve matenal such a
were analysed using ICP/ Mass Spectrometry. " cop Because the waste cools due to te decay of the heat source, and becaus6

of ce toss of inert gas through the penetration, the pressure drops. The pressue -
These studies allow some interpretation of Synroc leaching instde me contairer will eventually fall telow atmosphenc pressurt and air wd ;
behaviour.The titaniferous surface layers which form on the pnrnary Icak irt Oas now is analysed by steady viscous cow of an ideal gas crough i
perovskite and hollandate phases dunng dissolution tests are of segle equivalent hole. We alto analyse a:t f!owing mte the contamer and th -
parucular interest, as these appear to alter local pH (i.e. form micro- simultaneous release of radioactive gases is by counter. current diffusion.
environmentsh Analysis of the leaching data has established that
these surface layers can reduce the release of HLW clements from Usmg ume dependent reicase rates, we calculate advecove diffusive transport o L
Synroe and that vanauons in temperature and leachant composinon me released "C in air Bowing through surrounding rock. Transport of "CO i-
can hinder the formauon of these secondary phases. reurted by abscrpoon of CO: in vadose water. We calculate "CO concentra -

2

tjons m the gas phase as it moves towards the ground surface. "CO: release rate !
and above ground "CO: concentracons when diluted by aunosphenc dispersion ,Thermodynamic calculanons have been used to predict the specianon
The dose to a ti.aximally exposed individual is very low, approximately 1% oof elements in solution and the stability of the solid secondary backgmund, for the peak sticase at a gas Dar:y velocity of 0.04 mh.phases, at the temperatures and in the leachants used in this study.

P7.4
P7.1 ABSTRACT NOT AVAILABL.E

WA$TE STORAGE IN THE VADOSE ZONE AH ECTED BY WATER VAPOR
CO MENSATION AND LEACHING. J. W. Ca y. G. W. Gee. G. A.
hhyatt, Pacific Northwest labJratory, Richland, WA.

HEAT PIPE EFFECT ON THE TRANSPORT OF GASEOUS RADIONUCt.! DES
Rzt. EASED TROM A NUCt. EAR WASTE CONTAINER. W. Zhou. P. L Charnbrd. One of the NJor concerns associated w'th waste $torage in
T. R Pigford. & W. W L. Lee. Department of Nuclear Engineenng. Uruversn of the yadose one is that texic materials may somehow b6
Califorrua and Lawrence Berkeley Laboratory. Uruveruty of Califomia. Berkeley. leeched and transported by advecting water dean to the

water table and reach the accessible enviroriment throughCA M 20.
either a well or discharge to e river. Coraequently care
is taken to provide barriers over and around the storage

We present analytical studies of the transport of gaseous species released from a sites to reouce contact between advecting wata' and the
buried waste form. In seme cases it is importart tospent. fuel waste package, as affected by a heat pipe of counteroowuig liquid and consider the intrusion of water vapor as well as mater in

vaponzed ground water in the surrounding rock. A heat pp is caused by nuclear the 1iquid phase. Water vapor diffuses throu h porous
waste heanng which vaponzes pore water near the waste, releasing vapor into the a p r4 nt I er
fractures. Dnven by its pressure gradient. the vapor flows away from the waste

and condenses where the rock is cooler. Because of capillary pressure gradient in the waste favors water condensation resulting in
due to non uniform liquid saturauon. the condensate flows towards the waste leaching of the waste for1n and advectioq of water soltble -

components to the water table. . A simple analysis is
surface through the porous rock. We first develop analytical soluuons for the presented which allows one to estimate the rate of varor
time dependent transport of energy and Guid froro the waste container surface to condensation as a function of waste composition and back,

fill material. An example using a cementtous waste formthe surmunding fractured porous rock. From the mass Gutes ofliquid and vapor.
we solve the advective diffusive transport of a gaseous species released from surrounded by concrete and gravel layers is presented,

The use of thermal gradients to offset concensation
; the waste. The major assumpuons are quasi steady state. local thermodpamic effects of water soluble components .in the waste form is -

- equihbrium. no noncondensable' gases, and no sorpuon. Our results melude the discussed. Thermal gradients may be controlled by design.

extent of the hrat. pipe zone as funcuen of tune, the vapor velocity distnbution factors that alter the atmospheric energy exchange across
the soil surface, of that interrupt the geothermal heatin the heat pipe zone, radionuchde concentranon in water vapor, and the Mux of - field.

radionuchde at the waste surface normaltaed to the surface concentranon, We fmd

that the vapor ve:ccity in the heat. pipe zone is 100%Id greater than the local
air velocity if there were no heat pipe. If the gaseous spates release mecharusm operated for DOE by eattelle Memorial Institute, Richland,

Wa 99352. This research was funded by the 11.$.
mauttains a near.coratant concentnuon of gaseous species 'n the gas outside and Ce;artment of Energy unt'er Contract CE AC06 76RI.0 1630.
near the waste contair?ct surface. the mass rate of transport o'that species would

.

be increased 1.3 to 7 umes greater than if there were no hes pipe. However. Pts
if the releue rae of the gaseous species is affected tittle by th concentranon
of tha: species outnde the contamer. the heat. pipe can have biile affect on the AQUEOUS DlFFUSION IN UNSATURATED MATERIALS.
tnnsport rate of that species. James L Conen. WSU Tri Cities; and Judith Wright.

Facific Northwest Laboratories. Richland. WA 99352.
!'
| Aqueous diffusion coefficients (0) were experimentally
1
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determined in a variety of unsaturated gravel, soil and could vary signif te. ant ty over short distane., after
.whole rock that are potential backfill arid host rock '''''108 "I'h th' ****'-+

.

rnatorials. The elsctrical conductivity was measured-

The VIPP Project is investigating gas pivduceton ano t:,,

on the samples after hydraulic steac? state was cons e quenc e s , and is considering engineered att.tr.atives.*' .

'' achieved, and the diffusion coefficient calculated us'ng including reprocessir.g the waste, to reduce ga, production
the Nernst Einstein equation. D in several soils from ratu and/or potenttats. Reprocessing would also reduce

0 the Hanford Site ranged from 2.5 x 1010 m2 sec (2.5 x ' h ' ' ''' 8 ' ' ' Eh ' "" ' " * * P ' * * * * ' ' ' ' h ' " P' ' ' ' ' 'Y -/

|' 10 6 cm2/sec) at a volumetME water con'ont of 30.7%.
'

to 2.4 x 1012 m2/see (2.4 x 10. e em2/sec) at a P7. 8

0 volumetric water Content of 5.5%. O in four types of oN THE PAcetf M 0F CON $l$TENCY OF CHEMICAL THERMooYN AMiC
I- angular gravel ranged from 2.7 x 1011 m2/sec (2.7 x DATA BAHS. Mni WAN'M CECO Nuke Enegy Agucy, one enk. Hut

""'#""''"""'j 10 7 cm2/sec) for a 6.3 9.5mm angular tuff gravel at a
| volumetric water centent of 7.6%, t0 - 1,6 x 10 13 ""'""6""'"'d*'*""""*'""''*''6"''h''"'**'"""*d-f

m2/sec (1.6 x 10 9 cm2 sec) in a 6.3 9.5mm an9vlar " ** '* " '"" ""' " "'"'' ."ne"y. ' "in som. < . in e #r ,ti h. . 6.. i . h.n i.
/ "**#'"***""*"'8""""'i h.o 6un food to ink coa. o

1 granitic gravel at a volumetric water content of 0.50%. .. on i. i.ni of coamun, ey .,,ivia 6.uc the,mody....e i... io ,.e.ic i.i.

D in two samples of Calico Hills tuff were 1.51 x 1010 "''6"****a''*a'*'ath**''''''a"'''''- '' * * ** *'' * 6''a =* t ha t t'''**d ,-,

.' m2/sec (1.51 x 10 6 cm2/sec) and 1.66 x 1011 m2/sec " *'* d 'u ba" *a',''a'''* * *' '* *' d
d'"",", n' o*i .d . t h. , fo, ih, co m.**dva* **": h'aa'.

a ,io eu,nin fe . h.sh eniiv of a. d.u,1.66 x 10 7 cm2 sec) at volumetric water contents of' / ,. o$,i,t, of ih. d.i. ..t h ..,,,,m.. i.e .,,d.u. The ini. noon of ih,, ,.,,, ,, ,o' 30.9% and 29.3%.resoectively. Variations in D result ,,nat a ****t kak of cm.um, ihn aaid b. caede,n h.n ,,oduias
primarily from differences in water content which * !"8h "'h'Y *'""'dY a' *'' d"* 6* "
depend mainly on particle size / aperture disti:bution, i. Con n.uy ..th the fond.mutsi i. of themedyn. ...
and only secondarily on material type unless be

7 c ,,,,,,,, ,,3 , ,,,,,,, ,,, . 3, ,,,g ,,, ,, g, g, ,, 3, ,,,,,,,, g
surfaces are hydrophobic. oem .i ih., mod,um d.i. f,om unnmoi.i m.n ,....n win ,.o ,o

the vie of .vse.,y 4.t.. Amont th'" .,e a. p,oton.ison const.et of

I;g.nd.. ,. dos pot nti l.. o, fo,m. ten const.nie of addittoa.i speces th.t
P7 6 g ,,,,g , g, ,% ,,,,g, gg,,

U"%iu MNL t''.4.3.t.',:inLarmt Aut:11t11,pm
3, C,,s,stne; ,,t u, o,,,o, ,,d,, gu,u,,muu u n,p u ,o w.

systems c.a oft.n be , ate,p eted .ith dd...at . hemic.l medeis, Unie thee
' is compong podeau en f.vour of one of th. mode 6s, it does not ,e.Ily m.tu,

.M model ,e soun. Homv.,. the vs. of on, model escludes the vs. of
,dhinesh.11 t.. .i. ..
ii.ao . p.ntio4,.. Lanao. the othe,.

ae . .. .... a .. a. i .y . , n. . f m .m. o f . . au ,o, a u . ...a . Co ,neo, m a. d u. ,,,,en ,,-o ... A ..ne,a, . ,uo 6i. d u.
n o ui,, ... a .n .,n o a u .u . o n v. .. o n.. in . n n o a ,,. .. o .,n, ,,,,., , h u ,,,,, , o ,i. u.,d .ou ,i,on .a . . ,,,,,,,, i.,,,.

'.C" :"MdiP.";|"!#""M.CCJL:.0"r",0.
O. ,,# i...u , .a ,, n.u , im,,m as in a.

....i,u. t. ~n a.
".,u.,d .o ,e<...no aw.om. mai be ..,*ed ioie<h.. ..th a. ihe , o.
n ^-+-r da ad 'a ** aunda-a d """* ad da a

.. ..n n u . e u,. - u . n - a. n w .... t o.. . .,, u. n
,, 4,...< ,.,.mm . s.n.u.,dnu.d.w .. .ca ..a... ,u.o
., m u.-.~ ..i u.. .u. m .. u n... a. .eu een .- e. .. s.. ,. n ,.. , ,,,n ,,,,,, . ..h ,, d. m ..,e, m., i, a io ,,,,,.o ,,, vio .

.

% i...;. m .n.no,,., u, ,,u m. . ......o u ,,. ... n .
u n.a v4. . ne
-.inu ..o

% .a.oro nw tus ou,ust non in ,ioua voo, nn,nce ..wiimm ud eu.vi, for no ,oic mecionw . bon ..H b, e,o-u...puuic inf.n.n.n ha . f aio : Hutch HH in the
vded in at fuH ,.i.e ,C od t.i. AM. ld ,.r I n c eu

weai t t h.,.. iui tieci h t.t ie, in eng te.. .d s y s t e.s

* Wiioo.t.t t . tics 1.ased on . te.p,en.nsiv. 6.u .ptu.1
m4. .eva,.s ws .a n a. <u. o..:.u u s. o s e i, pie.1.t in, sni.w.

P1.9

p7 9 QUANTIFYING THE [FFECTS OF UNCERTA!KTY IN
T)iERM0 DYNAMIC H00ELLING. J.M. Bealby. A.Dawes and

PRELIMINARY MODEL OF REPOSITORY CHEMISTRY TOR THE VASTE 0. Read, WS Atkins Engineering sciences. Epsoe, UKISOLATION PILOT PLANT. L. H. Brush, Sandia National
La bo ra t o rie s . Albuquerque. NM; D. Crbic.Calic. Stanford The use Cf predictive Computer. based models to
University. Stanford. CA: D. T. Reed. Argonr$e National supplement field and laboratory experimentation is

well established in postaclosure risk assessmentlaboratory. Argonne, IL; X. Tong, Stanford Unsversity; R.
H. Vreeland, Vest Chester University. West Chester. PA. and methodology. Such models greatly aid interpretation
R. E. Vesterman. Pacific Northwest Laboratory. Richland, of Complex disposal systems and Can provide useful
^- data in situatione where direct measurement 1.

impractical. However the assignment of Confidence to
the results of modelling is a difficult task, owingThe design basis, detense.related, transuranic (TRU) waste
to the uncertainties inherent throughout theco be e,eplaced in the Vaste Isolation Pilot Plant (VIPP) modelling procedure. In the derivation of resultscould produce as much as 1.500 molee of gas per drura of from chemical equilibrium simulations for example, awaste. Cas production co 21d pressurtre the repository to series of discrete steps can be trated, each with its150 atm (lithostatic p ussure), and perhaps higher. own assoClated degree of uncertainty. This ser'es
includes: source experimental data for fundamentalAnoxic corrosion of metals and microbial degradation of thermodynamic constants. bias introduced duringcellulosics are the processes of greatest concern, but database compilation, selective use of auxillaryradiolysis could also be important. Several proposed in formation during modelling or data transformation,backfill additives may remove or prevent the production of the modelling process itself and ' geochemicalsome of the expected gases. Ve describe these processes. Judgement" exercised on the results.

,laboratory and modelin5 studies to quantify them, and
'preliminary results of these studies.
i

This paper describes attempts made to identify. !Because of the heterogeneous nature of design basis waste. 1solate and, where possible, quantify the effects ofthe Eh and pH of any brine present in WIPP disposal rooms the above uncertainties on the results of |
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speClet10n/ solubility calcul4tions. The approach is Pl.2
demonstrated through 8. Case study of direct relevance*

REPASSIVATION METHOD TO PREDICT LONC TERM, ' to risk assessment of deep disposal sites in the INTEGRITY or LOW ALLOY TITANIUM USED FOR NUCLEAR
United Kingdom. WASTE PACKAGE. Shloeo Tsuitkawa and Yoicht

Kojima, The University of Tonyo, Tokyo, JAPAN.

Long term corrosion resistance is evaluated forw-

. A NOVEL CONCEMUAL MODEL FOR Tile FLOW AND TRANS. G-2 and G-12 titanium as a candidate of the
PORT IN FRACTURED ROCK. Almo Hautojarvi, Veikko Taivansio h19h*1evel nuclear waste packages,

and Seppo Vuon. Techmcal Research Centre of Fmland, Nuclear En- The repassivation potential for erevice correston,
Sincenng Laboratory, fielsinki, Finland En in comparison with the well known,

_ .
spontaneous potential, E se of a metal,

Consistent and realistic interpretation of hydraulic and tracer test data passavated in given environment, allows
from a field expenment has been attempted. Reasonably good results conclusions to be drawn whether it performs
were obtained by applying novel modeling approach, " permanent" or does not.

Strongly varying fracture aperture guides the water to now preferential- This repassivation method is extended to

ly in some parts of the fracture planc, in the so called channels Flow determine critical conditions in terms of Nacl
velocity differencies in d2fferent parts of channels turns out to affect concentration and temperature for specimens kept

also the break.through curves essentially. ' Die molecular diffusion across at a electorde potential which is more noble than

- the flow field smooths out the velocity differences of the migrating Ep and is included in En ranges,

solute and the dispersion diminishes in confined channels and there Thus obtained Nacl concentration - temperature -
exists an instationary phase of dispersion. crevice corrosiors - map could predict erttical

for the titanium used in geologic
In the developed hydraulic model the channeling degree together with n.
the aperture vanation along the channel is taken into account as a fac-
tot which is the rat o of the sperture from transmissivity measurements
and the aperture from a tracer test. The transport model takes into ac. PS 3

count the coupling of molecular diffusion and advection in a velocity HYDROGEN EVOLUTION l' ROM CORROSION OF IRON AND
field. The velocity field is approximated by a linear field where veloc. STEEL IN INTERMEDIATE LEVEL WAS*[E REPOSITORIES.
ity increases from zero to the maximum velocity over a charactenstic R Oraucr. Paul Sekerrer lasutute. Villigen PSI, Smtrerland; B. Knecht.

- width. Each channel has a specific dispersion behavior and the total Nagra, Baden, $macriand. P. Kreis and J P sunruou, Sulzer innotec Lad,
N'aterthur, Switzerland.

--~

toute dispersion is obtained by summing the contnbution from in-
dividual channels. W. *voluuon is 'an important issue in the design and safety assessment or

.

repositom4 for low and intermediate level wute. The gas evolved is expec.

The developed concept and models have been applied to predict and ted to artse mainly from the anaerobic corrosion of steel (in the wute itself,

interpret field expenments aimed to investigate transport over long as wute package and in the form of rebar)in the cementitious environment

distances in highly conductive fracture zones. The tests belong to the of the repoutory neat field. A rettew of the hterature shows that an upper

case 5 of the INTRAVAL project and expenments have been performed limit for the hydrogen evoluuon from corrosion under these conditions is
200 mmol m * r* (general corrouon rate below 1 km a") at pH values -: at the Finnsjon research area in .% eden.
above 12, usel being in the stable puuve state at all electrode potentials
wichta the stabibtv domain of mater. Because tbc actual values of the
hydrogen evolution rate are expected to be at leut an o; der of magnitudepg g
lower than this upper tunit. dtreet measurements of the hydrogen evolved

CONTAIN[R MATERIALS FOR HIGH LEVEL NUCLEAR WASTE AT THE were carried out in closed cells in alkaline (NaOH, model cement
PROPOSED VUCCA MOUNTAIN SITE. R.. Daniel McCrtght, po,,,,teriy ,, ,,ti ,, other environments mth a sensitivity better than
Lawrence Livermore National Laboratory, Livermore, CA 0 2 mmoi md a4 for durations of several thousand hours at a temperature of
94550. ::.c,

Candidate container materials for high level nuclear waste The Ha evolution rate was below 10 mmol(Hs)m.a ** in the alkalines

~ packages to be emplaced at the proposed Yucca Mountain enstronments considered at times of more than 300 b; it was below the
repository site are being considered for their long-term Jetection hmit for a model porewster haciensuc of a relatrvely fresh
res1 stance to corrosion, oxidation, embrittiement, and cement, decrening mth time to appron. 2 mmopla)m a'* for a 0.1 mol/ld

other kinds of degradat1on. Select 1on criterta have been NaOH solut.on at 6000 h and increuing mth ttme o 2 mmol(Hz)m 'a4 at
established, and a method has been developed for 9W0 h for a model cement porewster characterista of an a8ed cement,
recomtnending a material for.edvanced container design demonstratra that d cannot be assumed that the hntrogen evoluuon rateactivtties. -An extensive comptlation of the degradation mit decteue in anaerobic environments in a slightly alkaline chloride
phenomena for six candidate materials is complete, and em nment the rate was to the range S to 10 mmo(H3)m *adat umes
further ".tudies have begun on the degradation modes

terween 5000 and 8000 h.affecting additional candidate materials,
Phenomenological models for predicting container The hydrogeo evolution rates observed are of such a magnitude that theydegradation rates-are being advanced for environmental unnot be neglected in the deugn and safety analyus of lowdntermedtateconditions applicable to Yucca Mountain. An experimental

level wu e repoutories.program 15 underway to evaluate the suspectibility of
-container materials to locallied corrosion, stress
corrosion cracking, and enhancement of corrosion and pg ,
oxidation attack by gar.,ma radiation. Initial evaluations t.wltoNMtztTAL trrtCTS ON LoCA1! ZED CoRaostoN or HicH LEVELof container fabrication and welding processes have MW ME CMAMER MAf gam , custavo cragnolino
identified some processes that aopear to alleviate some .mt w n, center for Nuclear Veste Regulatory
long term corrosion suspectibility concerns. Analyses, swRt, san Antento, TX; and Walter J, Machowski,

southwest Research Insticues, san Antento. TX.

Locattnea coerosion, including p t ttirig and crevice
coerosion. is one of the east toportant modes of degradacion
of the high levet nuttear waste concainers tas ed for
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.torpters gestogte disp * sat. In attempttrig to presist the long term survival the mstals degrade by

f,gpraance of the container matertats in a natutat meCnanisms which have not been replicated in
envirgreent that varies with time. it la esetntist to the laboratory. These mechanisms, and specially
., nee r s t and the effetts of envirormental variables on those which are microbiologically controlled,

, ,
gesattsed correston quantitattvely. This quanettative are reviewed from the thermodynamic and kinetic
unee r s tand trig vili aise enable a rational technique for points of view. Comparisons are fnade to related
estrapelation of data generated in aggresolve, toboratory phenomena in high-nickel and high-tron allcys.

| environments to tese altreestve naturat environments.rtnally, it to a'ao essenttat to evaluate the validity of
tarameters gense 41 free laborMt'ty testing for tong tern II 7,

a stadiction. MM & QWM BMW M M QRMM
-ts pa pe r presents pttiing date from electroceentcat BEHAVIOR OF CARBON STEEL. AS A CE0 LOGICAL DISPOSAL.

{ Glartistion tests on the ef fect of envtronmentet vertablu: CVERPACK HATERIAL. A.Henda_,T.Teshima,K.Tsurudote.H.
- it- r', so '. so.**. and temperature. A 2.tevet, tutt Ishikawa,L Yusa and N.Sasaxi, Power Reactor & Nuclear
I factortat laterteintet deetsu is used to eveauate Fuel Development Co..Tokat-sura Ibaraki,319 11, Japan,' meractten between ve r t atit e s . ne parameters used to

aie u pits tr g corrouan are ptteing and repeastvation
resentists, and ene otfierence between the two. the Carbon steel is one of candidate overpack materials
optuability of repasstvat.on potentists to predtst for high-level waste disposal in Japan.The corresten-

! : ens. tere be%.vtor is also esamined. The three atteys rate of carbon steel in compacted bentonite is
" ' " ' considered to be depend on the diffusion behavice of

o " Yttoy en and Hastettoy lley c 22 corrosive saterials and corrosion products.Thus the
' *

1
-

corrosion rate in compacted bentonite is expected to be
low even in the atmospheric condition.

i a incetoy is a registered trademark of Inco Alloys
- Internettonal

Hestelloy is a registered trademark of Haynes I33ersion tests of Carbon steel in compacted bentonite
were carried out under atmospheric condition. Carbon, Internattenal Inc. steel specimens were immersed in a compacted
bentonite (dry density *0.8-1.6 g/cs8) mixed with aqueous

ps s solution. Nean corrosion rate and corrosion products
THE CRITICAL CONDITION FOR THE INITIATInN OF LOCALICEDwere evaluated. Immersion tests in aqueous solution and
CORROSION OF MILD STEEL USED FOR NUCLEAR WASTE in bentonite powder mixed with solution (bentonite
PACKACE. Cen Nakayama and Masatsune Akashi, Research slurry) were also conducted for comparison,
Institute, Ishikawajima-Harima ricavy Industries Co..
Ltd., Tokyo, JAPAN Mean corrosion rate in a compacted bentonite was lower,

than those in aqueous solution or in bentonite slurry.
The general corrosion rate of mild steel is so small in The corrosion rate in compacted bentonite increased as
neutral water environments that the appropriate corro- the density of bentonite decreased.No significant
sion allowance requirement can solve the practical difference was observed asong the corrosion rates in
problem. In alkaline water environments, however, mild cospected bentonite with some kinds of aqueous solutions
steels can passivate themselves and often undergo the (Chloride, sulfate. carbonate etc.). Prediction of
localized correston, such as pitting corrosion, crevice general corresion rate for caroon steel was also carried
corrosion, etc., as stainless steels do in neutral out on the basis of diffusion behavior of dissolved
water environments. Oxygen in bentonite.

This paper describes a study of locall ed corrosion
behavior of the r; tid steel, for assessing the long-term Ps'a

performance of high-level nuclear waste package in the CORROSION OF COPPER BASED MATERIALS IN IRRADIATED HIGH-geological disposal situations. The critical
HUMIDITY AIR SGTEMS. O. T. Reed, Chemical Technology

potentials for pitting and crevice corrosion and the Division, Argonne National Laboratory, Argonne, IL
critical pH tor general corroston-passtvation transition 604391 and R. A. Van Konynenburg, Lawrence Livermorewere demonstrated for mild steel specimens in neutral National Laboratory, Livennore, CA 94550,
and alka.ine water environments. Effects of
temperature, pH and~ chloride and other anion
concentrations on the critical pctentials as well as The atmospheric corrosion of oxygen free copper, 70/30the critical pH were discussed. The initiation and ccpper nickel, and aluminum bronte was investigated in an
propagation behavior of crevice corrosion was also Irradiated moist air environment. Experiments were
anajyzed under potentiostatic conditiens. performed in both dry and 40-501 RH air at 90' and 150'C.

Corroston rates were determined based on weight loss
It is concluded that the mild steels can undergo crevice measurements. Corrosion products observed were analy2ed
corrosion even in the immunity region for pitting and related to the irradiation environment. Thecorrosion and that it is consequently undesirable for experiments performed were sponsored by the Yuccathe mild steel to be used in the pH region above the Mountain Project and are needed to evaluate material
critical pH. performance in the expected environment.

Ps 6

CORROSloN PRooUCTS AND MECHANISMS IN LoNo-TERM
Stainless Steet Welds in Containers of Nuclear Waste. T.M.CORROSION OF COPPER ALLOYS. M. B. McNet1,

Naval coastal systems cenrer, Panama city, rL Devine. Department of Matenals Science and Mineral
32407; and B.J. Littie, Neval oceanograpnic and Eng neenng. University of California. Berkeley,CA
Atmospheric Researen Laboratory, NSTL, MS 39529

Welds of 308 stainless steel typically possess a two phase

copper and copper alloys are frequently used for microstructure which is thought responsible for their generally

service under condittons wnere snort-term tesein9 good resistance to sensitization. Actually. depending on the
indicates that tney snould be adequately composition of the weld one of three markedly different weld
reststant to corrosion. In some cases involvin9 microstructures will occur. Unfortunately, only one of these
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microstruCrures it Sultibb for Use in Containers Of nucle *f waste, N,

'. Th0 other 2 types of mlCrostrVCturel are Undesirable Since One iS,

BUSceptible 10 Sensitization and the Cther to mechantCal THE ROLE OF LABORATORY ANALOG EXPERIMENT $ IN AS$ES$1NG
THE PERFORMANCE OF WA$1E PACKAGE MATERIAL $.embnttlement. This paper desCnb48 the influenCo of weld J. C, Cunnane and J. K. Dates Argonne Nattonal

microstrVCturet on sensitlZation and embnttlement and identifie$ a Leooratory, Argonne, IL 60439.
Compositional range that optimqas the performance of the weld.

There is an imediate need to develop an approach for
credible assessment of waste package materials in an

P9.1 unsaturated repository environment. In this paper, wnich
is based on a study conducted for the Repository5AAAMETErtS OF GLASS DISSOLUTiori W INTEGMTED

m 171,302ugvors sutspze Cedox, Franceand Nicote Godon. LEA, CEH % Wo,
Technology Program, the roles of laboratory analogEMS. tg Y VeW
experiments (i.e., laboratory straulatlon) and modeling
(mathematical / numerical simulatton) in satisfying therNrnerous igaching stud es have been conducted durin0 the int ten near tem needs are critically reviewed. Earlierpara to *Jentity tre Casic mechanitrns of g'88: Corrosion in ofccr to

deveioo long term Dencoor mode!s. Ccnudonng the enuittple team ~ laboratory analog experiments in a variety of saturated
..torg artecting a t)colCQcai rt,pository. now evor. integrated tspotirrents repository environments are reviewed and the results are
unutatin interpreted in tems of their implications for future
od tr>e i.0 aff tho .atuai dispos # cond%ns aio necessary to check tnat "ork of this type. In addition, some unanticipated andey pa:emetcrs are taon into account to colect passiolo
.yriorgy wrocts ana to quam / mo n.ooel undor ical!atic conditions. significant results for analog testing of boros111cate

lass and 002 in unsaturated environments are presented,
iri Franco to swi.vato several stoye ccon.stloa at 00'C under a {hese include evidence for fluid film fomation on glass

.nte rat test mreg. eewd to as "TAv" experin ents han esen
u

prouvre of 10 MPs. Simsisted occJojcal water is allowe to resen surfaces in isothermal humid environments, accelerated
uivi.Dr. urn vuth thn test medium en a condit!oning vcssol before reaction rates for the large $A/V ratios involved,
eachlt.g the g<0ts *In a psoudo flow rate ccriescond;ng to samplot of spallet1on of the flIms and mobili24tton of radionuclidesa fo* cm3 tam .it ornonin amoivals fino principal 1:ncings base teen

as solutes and colloids. These observat1ons are'h* IOUC*'69
interpreted in terms of current understanding of waste

Glass altur > .n is samnar in French granito or saft, but truch creater form reactions and the collIgitive properties of the
in ctay, fluid films that can form on the waste surface. TheThe t,0ckfimg rnalerra!' s a significant effect Most cles constauto implicatiens for the near-ffeld scenarios that should be
mca sinks 6ria maint, a hign Icag term oiteration rete. Ho%er. considered in waste packago perfor1rance assessments areer.ic hignf, s.nceove c.intonitos do not ect.oierate gfass aPelatm. discussed. Also, conclustons are drawn concerning the. .ri e granite medlum at 00"C, the catnte m#enals (NS 24. Hastelloyr

oragc} oro on'y skQhtfi *d6tod and have a minor cut en
role of analog testing at higher levels of systemS
aggregation and the credibility of the results of waste

Tho effects of tracturation of the class block depend on tho environ. package perfomance assessment modeling at the Current
mental conditicrt in a granito mocium where settirot:on cct@tzons stage of 1ts evolution.
Orc quickly reached, the dissolved Qass QuantHy inCropscs t,y only 0
(Ator of 1.4 when the eacnango suna00 area is multJpiied Dy 10.

* A doaClive capCrimerits with dop0d glass specimens have snown P9 ad

(nat a redlesia cocs not modify the bulk Q; ass cissoluhon rate, bt t ACTINIDE TR ANSPORT IN TOPOPAH SPRING TtJFFt PORE SIZE.(nat environmontal anatori&la do affect tho Octir1dc rotont:on ILCr in
the Surface Qollayef. P ARTICLE MZE, AND DIFFUSION, Mari!vn Bme wn Prmt Douglas

L. phinney, and David K. Smith Earth Sciences Depanment Lawrence Livermore
Feel #y, an o9er.mont has t,een in pr00ress for cwer 7 yearti in a sai,ona: Lahoratory. L:o , P.O. (los 808, Livermore, Ca 94550.
qranitu modgim /stter 3 years the corrosion lato OUpoJ to about

* IQ3 4g m'd and dcpvods only on the flow raw Imposed by tne
wr piing Interdis- Ddiunive transpon rates for aqueous species in a porous medmm are a function of

sorpuon, molecular ddfuuon, and sampic tortuosity. Single consunt values for these
parameters result m transport that can be modelled as Fickian ddfuuon with one udfu-

P9.1 sion coefficient. With heierogeneous natural samples, however, an understandmg of the

HEAR *P!B1.5 PSfWMMAllCE H ' aria AuvAsidsu W *""' ' " * ' * " * " * * " " * * " " " " " ' " * * * "
PROCE8S CANISMR. L c1 w e, 8KB, stoethela, unce a small amouni of radioisotopc travchng via a faster than anticipated transport path

Sweden; and J P. Salo, Tvo, iteleinki, Finland. ,na, ,nona,ne ine p,ca,u,o., o, ,,,ospori co,ies whmn assume ave, age trna,,o,.

A tesr field torformance evaluation of a cold Static diffu.uon esperimems (R hrs) uung aqueousU80 traccr m luff saiurated with

process canister for oyent (get silsposal hee groundwater mdicated that u vanspon was tasier m repons o( greaterporouty and that
<Deon periorned *ointly by TVO and SE4. The cm ddfusion cocilicient values tanged irom -10*l * to s t048 cm*/s depending on

canister, originally propeoed by Tvo, consiste the scalc (mm or um p over which concentrauon gradienu were measured m the heteroge.

of an innor steel vessel as a load bearing neous topopah sprmg iuffi. tr a igniricani fracuan ot acunides tn high4evet wasie ara
element, with an outer corrosion shieu, of ,gm,a to the environmeni in forms that do noi sorb to the matrui, ther may be simi-
copper. In the analysia, internet t4o .oneelen ury transponed along (ast paths m porous regions of the tuff. To test thH. aqueous

aJfouon rates in tuli wre memured ro, mv and WPu lexhed from doped glass iorprocosess from the inside ced the aarieter) as
well as external presesses tmechanicei ahd m aa,, ,n g,cona ,,,e, ,9o.C, ito ppbD80. 00 ppb M u), Acunide concentrauonsP

chemicall have been eensidated both prior to and ure measured wah secondary son mass spectrometry at 100 um steps (toul 7 mmi

after eenieter breaehe : ram the mierior to the ctierior of a lexhaie contammg tutt vessel U8U concentra-
-

nuns were above bxkground C0 ppb) only withm 200 um o( the surfacc and MPu
The mejee eenelueleno der the evolue1.icn areI was below the delnuon hmit CoppmL This su;gesu that, for these condeuons.

uanspon along feier paths n u very sm.ill component of the bulk transport, howcver,
aMuonal me.buremenu m more porous regions of the tulf vessci and within 100 um ofinternal processes cannot cause the canister

brosoh under foreseen conditions, le localisati ihe sunace are na&d for contirmauon The innuence of heierogencous porouiy and
suaroidal species on xund; iran <pon raics in thesc enperimenu walatio be ducwised.oorreeien for the steel or copper canistere can

be dismissed as a f a11ure seenanism. I no6nhuii, i<n rirint u n., D. phmney. K D. McKeegan and v M ovarsby. 19189.
Uranium transport in Topopah Sprin
v a- a"w<r

g Tuff- mutuple diffuuan paths. 'CAs.urtry andrh. evatutien of the of f.ete of procesese an ~ ~a - ec< e re;"- a "8*-
outside the centeter in3&Cato that there 18 no {rapid riechanisas to endanger the integrity of the

u,,,% y, %,,,, ,, ices or the U S Dups, of Energy Orrice of Civihan wane
under ihe ausp

centster. Consequently the service life of the rmeci orrice, by L rence leermara Neuonal Lbor4 wry
,,#, mm,,, m, w w mcantater will be several rillion years. This

factor wt11 ensure the safety of the cor. cept,
avsluation of post-failure behavion wee carried
out. These analyses were focussed on low proba-
blitty phenomena from f aulte in cartistere.
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p3 performance characteristics or by interactirig with the air |t

0 GAS FO.'MATION IN A Hl.W AND lLW 7.EPOSITO3Y. gW.LUATION AND and trater vapor producing tsdiolysis products. Most
{

MODELIJN0 0F THE PRODUCTION RATES ANO CONSEOVENCES ON THE
studies of radiction effects on nuclett wasts glass9g

e. # perf ormance either have investigated the interaction of
SAFETY OF THE REPOSITORY Einsatteuus. Cr.A/IPSN/DAS. Fontenay. radiation with the solid glass or have assumed saturated
aun Roses. France. and S#e Voines. CEA/ANDRA- aqueous conditions, i.e., the glass is covered with the |

i

Fontenay auwRoses. France. leachate. These conditions are not representative of the
geologically unsaturated environment anticipated at the

Present trends for disposal of HL and it*radioactNo wastes have lead lPSN Yucca Mountain repository site,
and ANDRA to estirnate the hazards associated to gas formation in deep
repossones For this purpose the main gas production rnochanistns have This study was carried out to determine the interaction of
been determined Those are :

seena and alpha rediati n vith water vapor in air. The
gamma and alpha studies were carried out separately
because gamma will be the primary type of radiation in the

. Steel containers corroson early years of the repository lifetime, and alpha vill be

. Radiolysis of condmonned wasto matrtx the primary type in the later years. The extent of nitric
and wotor from wastes and near field and organic acid formation will be described. Evidence

. Mecrobiological decomposition for lLW suggests that these acids are concentrated in the water
Heat generation (for HLW) films on the solid surf aces rather than transferred to the

bul k wa t e r .

Production rates for each rnocharvsrn and type of weste as west as (Norall gas
formation have been eshmated. us6ng calculation. expenments and literature Work supported by the U.S. Department of Energy,
review.

P 10. 8

An attempt to model the gas pressure evolution and spreading into repository
THE EFTECTS OF MolSTURE REDISTRIBUTION AND TEMPtRATURE ONand near held has also been performed considering the above mentionned THE LOAD-BEARING CAPABILITY OF A CLAY-BASED BACKFILL,

formation processes and following transport mechanisms . S.C.H. Cheunt and M.N. cray. Atomic Energy of Canada Ltd. .
Whitesnell Nuclear Research Est,. Pinawa. Manitoba. Canada

. gas dissolution and diffusion through near ROE LL0t and R.N. Yong and A.M.o. Mohamed. caotechnical
f*d and host rock Research Centre. McGill University. Montreal. Quebec.

Canada H3A 2K6. desolved gas dLSpers on by water
C0"*'C"0"

To predict the mechanical performance of the backfill it a
. two phase Row

nuclear fuel waste disposal vault. the effects of
temperature and moisture content on the backfill load.

Fwst results for iLW and HLW wdi bo g' vert deformation characteristics must be known. Modified
California Bearing Ratio (CBR) tests were used to obtain
these data. The results show that the load-bearingN6 capability of the backfill decreases with increasing

PARASIETRIC SihtULATION OF ROCK SALT BEHAVIOUR water content and temperature. The load-deformation
RESULTING FRO 51 DISPOSAL OF filGH LEVEL characteristics of the backfill are significantly affected
RADIOACTIVE WASTE .D CARAhtELLE, h!T GAUDEZ CEA by the distribution of water in the materia!. but the
SACLAY FRANCE. J NIONIO GSF BRAUNSCHWEIG backfill should retain sufficient capacity to satisfy its
GEkhtAN Y. O OUZOUNIAN ANDRA/DESI FONTENAY mechanical design ibnction.

AUX ROSES FRANCE and O SihtONET CEA FAR
IPSN/DShtN FONTENAY AUX ROSES FRANCE.

Pto.2

COMPRESSIVE BEHAVIOUR OF CLAY. BASED BACKFILL
UNDER LARGE HYDRAULIC LOADING. H T Chan and K.C.An investigation of liberation and generation of gases from

rock salt due to heat and ganuna irradiation is undertaken in order ana a 4'to obtain some of the data which are needed for the development of
long term safety soncept for the disposal of high level wasic in rock
sak |n the proposed Canadian design of an underground repository

. . for nuclear spent fuel, it is generally assumed that the snattsOur work is concerned with the trJluence of, vari' would be backfilled with a compacted clay based matenal, prob.parameters on the gas production, e.g, composition and grain site ut ably a mixture of clay and/or crushed grarate. At the closure of thethe salt, total absorbed dose, dose rate, temperature and gas
atmosphere. Some of these parameters have not been studied disposal vault, the clay based backfill may be subjected to a large

,

previously m detail, hydraulic loading due to the disconnection of the dewatonng sys-
te m. As a result, a small annulus gap between the backfill and

.The original gamma irradiator employing spent fuel elements the wall of the staa may develop and form a possible short circuit.

path for the r ,gra*,on of radionuchdes from the vault to the bio-and allowing to expose samples at temperatures up to 250*C will be sphere. The dev lopment of this gap depends to a large extentdescribed. Experirnental results from some 150 experiments will be e

iven. The two major gases found were CO2, N20. CO. H2, CH4, on the compression charactenstics of the backfill. The magnitude
glydrocarbons, C12, hcl. SO2 were also detected.The dependenceof this gap an; the rate of self-heahnki mix.of this gap are also a func-tion of the ch. tractenstics of the backtef the gas yields on the "" oarameters will be presented and
discussed.i

In order to stu4 the behaviour of clay based backtill mixes sub-
PU jected to a large hydrauhc loading a high-pressure Cornpression

cell. with a maximum applied pressure of 7 MPa. was designed
EFFECTS of ALPHA 4Al'luNuN m i e r.c and constructed for performing compression tests on swelling and
REPOSITORY ENVIRG _f_ Younz and John K. Bates. non-swelling Compacted Clay based spectmens. On the basisArgonne National \rgonne. IL 60 0 9' of preliminary compression and swelling test data, it was con-

cluded that for a non swelling clay the amount of compressive
deformation caused by the nydraulic loadmg exceeded theE t[y al r he s u e andp oy t e
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emount of elastic rebound Howev:r. tot a sweihng clay (ie. 25%
,

bentonite M the Compacted Specirnen), the rebound due to elas. PIO $

, diC deformahon and the swelling of the Clay was greater than til .gg g.
compression. g . pg g g 3.m g ; ,, g .g..,g .gg g ,,Mtf W . e.H. K*ertanton ne'.U['.*rge,*

,., ,,- Re u n c'u P1 w.a. Mehttesa. Cst.ade anc 3. h;les. EPA
. A g gg,

P10.3 ard t.mt e ! conte, alberta, Car.ada.

APPLICATION OF ELAST0 PLASTIC MODEL TO MECHANICAL AND.W 1 m 14 Juffac Oauln t
HYORAULIC BEHAVIOR OF SUFFER MATERIAL UNDER WATER UPTAKE IN Agw , g,,q:m i ,emre Ldorstury (%.taperiments wtll ce cmntd atREPO$1 TORY. T.FUJITA . K.HAR&= , Y.YUSA . N.$A$AKI . Power nese tettone t..u.t kt to coditi thatReactor bentonite curi We ter te& Nuclear Fuel OWeTUsent Co.. Tokai sura, !bardi e ng.g 3 ,, g g *

.i.e d nu t H s t@ M h em 'wh3L9 11. Japan. awcher fuet teste m e a t conupt and that the heat andtutatwrn w nstet taperties et the buffer at bll 'f tstosal,Mechanical and hydraulle behaylor of buffer esterial nult rule ena
M er to situ bo ur.d ary ceMi ttees i.an teduring water uptake in a repository is a major issue from the see. e ly W .u e:.1

tre s>=ll.eale Sefa:, la uratoryviewpoint of mechanical stability of engineered barriers * w owt*%nts. tMs ont dentibos profress swaCoupled thereal-hydraulte sechanical model of compacted t *.e nyleat:..ette ;.t theur uperiments. (n ares
bentonite has been devcloped to analyse secnanical behavior
of engineered barriers during water uptake. This study hasd t s iro 16ets i.. a large scale eglateent und epresents the result of hydraulic-sechanical modelling and the ,w gg g,. * hv. the requires utter denu t-

:n t.esteulations carried out on an engineered barrier systes under
.

.g u .m q gg , %gne
de.elched cortsma /es to avwater uptake. t he t au re,t s et a.. .re t en e r atut e . tctal mn ne,;or,<.ater truture au mutare content

Compacte'l bentonite swells with water uptake and builds e ar. vi ths tam e.etotDeci an icewes !;t. the buffer. Ar.t i lla r'f test $ h4ve
4

up swelling pressure under restraint condition. The model
bility neeJej for tu yeet br.g in sity higa*teneratur
h antti tes that these

Imtrueents suuh een the wra.used was as follows: (1) The water ug'io was modeled as
hydraulic diffusitn. (2)Elasto-plastica $,delwasappliedto tests.

!te e nnt eet tf.o has been excav4ted N Se W.swelling behavior and oeformation cf compactet' bentontte. eN c:ivipp t with all the necenea ry failities.(3)The water diffusivity and swelling coefficient were given as Ofltv 1*tv the test ''eter.

tuoi. ole is so small as ti to it.sy-
a function of water content, dry density and confining Mitrant v.er tM test priv! nd the oder ettect evetedb tne bu!I.c tv epressure, on the result of swelling t<sts of KUNIGEL-VL sistue redutribution utdor tLe
bentonite which contains 50 % senteartilonite. Using this 4t u a p.da tint s f rom the Saater to the rod, temp u.

mode), the slaulations were carried out on the case of water
N de sehuet s th ter hro logy hr the hiler/Ocnttm eruptake from the whole surface of crystalline and sedleentary

rock and froe partial surface of these rocks. a w aunts m.utme is shou that the Canadian sciote ter
the . ms t nN t t en and obration el a natlest he M aste&W1 mi t is tenit.le. Further deselo nent- .MThe results were : (1) The hydraulic and eechanical queoup on tase

behavior of compacted benton:te could be described by this tubrougies are requred tu vtable4 % centr.t'cu -tmodel. (2) The distribution of the water content depends on the schnt at h11 vau.t scale,
the water access conditions. (3) The deformation of buffer
eatertal and the displacement of overpack were very small inthe both cats.
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HYGRO-THERMAL PERFCRMANCE OF AN INGINEERED CLAYBARRIER. A.P.S, selvadurai, Department of CivilEngineering, CarletonOntario, Canada. Kis SB6. - Unive ra l *.y , ottawa,

This paper prosents the results of a series oflaboratory experiments which were conducted to
establish the heat-induced moisture movement in abanconitic clay Luffer region. The buffer
material is propocad as an engineered barrierWhich will isolate a- heat emitting high level
nuclear wasto container from the emplaccment
borehele accated in a deep rock repository. Inthe laboratory simulations, tho borcholelocated in -a block of granitic rock and thein
moisture movement is induced by a cylindrical
heator which is located along the axls of the

Jot pacted buffer. A cories of therr.ocouple arrays
. located within the granite block monitor the time
dependent progress of heat-conduction within the
granite rock. The moisture distribution within
the buffer is determined by moisture content
sampling at the termination of the test. The .

experimental results illustrate the time-
dopendent distributien of temperatures within the. rock mass and the

residual moisture distributionat' the termination ,

of the experiment. The i

experin.onts also assess the influence of nioisture
influx and an impervious barriers on the heat and
moisture movement within- the rock and the buffer. material respectively.
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