CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES

TRIP REPORT

SURJECT: Materials Research Society's ‘Symposium on the Scientific Basis

for Nuclear Waste Management XIV'
DATE/PLACE OF TRIP: November 26-29, 1990; Boston, Massachussetts

AUTHOR: Roberto T, Pabalan
DISTRIBUTION:
CNWRA: NRC: SwRI:
], Latz S. Mearse S. Rowe
Directors J. Funches
Element Managers S. Fortuna
W. Murphy B. Stiltenpole
E. Pearcy H. Schechter
D. Turner W. Ou
G. Birchard
D. Brooks
J. Bradbury
M. Silberberg
2190011 01219
1 1um“ PIR hy x-./«()‘ /
s )Y } it U4 s s
/ o (] 7154 1AM Lyits (A
L A O Iedid™ 7 WUDOES tull lug /



CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES

TRIP REPORT

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

DATE/PLACE OF TRIP:  November 26-29, 1990; Boston, Massachussetts

AUTHOR: Roberto T, Pabalan
PERSONS PRESENT:

CNWRA

Roberto T, Pabalan

Narasi Sridhar
BACKGROUND:

This is the fourteenth of a serics of symposia covering a wide arrey 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.
Department of Energy, U.S. Nuclear Regy' tory Commission, and the Atomic Energy of Canada,
Lid. Proceedings of the symposium wiil be published by the Materials Research Society next
year,

SCIENTIFIC ACTIVITIES:

The CNWRA's contribution at the symposium consisted of a paper presented by R, Pabalan
regarding ‘Nonideality Effects on lon Exchange Behavior of the Zeolite Mineral Clinoptilolite’,
and a paper presented by N, Sridhar (co-authored by G. Cragnolino) regarding the ‘Environmental
Effects on Localized Corrosion of High Level Nuclear Waste Container Materials'. In addition,
R. Pabalan co-chaired 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,



PENDING ACTIONS:
A copy of the sympesium proceedings will be obtained.
RECOMMENDATIONS:

It is important for Center technical staff to attend meetings such &s these where the 'scientific
basis’ for nuclear waste management are discussed. These meetings provide an opportunity for
the staff to be exposed 1o 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 organizations and countries.
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Mondey Mormung, November 26
Amence South (W)

FIS AM WELCOMING REMARKS
RI0AM * anad
OVERVIEW OF CHEMICAL MODELING OF NUCLEAR WASTE GLASS
DISSOLUTION. William L. Bourgier. Lawrence Livermore Natonal
Laborsiory, Livermore, CA

V00 AM

ENHANCEM OF BOROSILICATE GLASS DISSOLUTION BY SILICA
SORPTION AND DIFFUSION IN COMPACTED BENTONITE A MODEL
STUDY, Bige Surti. Paul Scherrer Institut, Villigen snd Warenlingen,
Swizeriand. and Paul A Smuh. Paul Scherrer Instiut, Villigen and
Wurenlingen, Switzeriand

SISAM

RARE EARTH ENTS BEHAVIOUR DURING ALTERATION OF
BASALTIC OLMltl CASE OF THE WEATHERING OF ICELANDIC
,* HYALOCLASTITES, L Croviser, C O 8, Strsbourg, Franie,

and J € Potit, CEA ., su LECALT, Fontenay-sux-Roses, France
YI0AM PlL4

MINERALOGICAL, TEXTURAL AND COMPOSITIONAL DATA ON THE
ALTERATION OF BASALTIC GLASS FROM KILAUVEA MAWAL TO
>300°C . INSIGHTS TO THE CORROSION OF A BOROSILICATE
GLASS WASTE-FORM, David K _Smith, Lawrence Livermore National
Laboraory, Livermore, CA

VAS AM PLS

THE IMPORTANCE OF SECONDARY PHASES IN GLASS CORROSION
William L._Ebgst and John K. Bates, Argonne Nalional Laborslory, Argonne,
L

1000 AM. BREAK

10:15AM. &
THE ROLE OF SURFACE LAYERS IN GLASS LEACHING
PERFORMANCE, |X_Baigs. Argonne Natonal Laborsiory, Argonne. IL

04S A M

MECHANISTIC EFFECTS OF DEUTERATION ON THE AQUEOUS
CORROSION OF NUCLEAR WASTE GLASSES, X_Feng L Fu I L
Pegg. and P B. Macedo, The Catholiv University of Amenca. The Vitreous
Stale Laborstory, Washingion, DC

1H00AM PLE

HYDROLYSIS OF R7TT? NUCLEAR WASTE GLASS IN DILUTE MEDIA
MECHANISMS AND DISSOLUTION RATES AS A FUNCTION OF PH. T
Advocal, CEA-CENVALRHO. SDHA/SEMC, Bagnols, Framce, ) L
Crovisier, CGS, Instiut de Géologe, Strashourg, France anu E Vernaz,
CEACEN/VALRHO, SDHA/SEMC. Bagnols, France

1S aM PLS
TECHNICAL BASES FOR THE DWPF TESTING PROORAM. ML
Plodings . Westinghouse Savannah River Company, Aiken, 5C

I AM
THE EFFECT OF SAMPLY PREPARATION METHODS ON GLASS

PERFORMANCE, M.S Oh and V M. Oversby, Lawrence Livermore Naucaal

Laboratory, Livermore, CA

148 A M

THE USE OF PARTIAL REPLENISHMENT TESTS IN MODELING THE
LEACH BEHAVIOR OF GLASSES, Aa Barkay, 5 A Olszowks, W
Sousenpour, T Choudhury, vy Guo, Al Barkau, and K. Adiga, the Catholie
University of America, Washingion, DC

*lnviied Paper

s Nedl Serchio and wn

Mondssy ARemoon. November 16
Amencs South (W)

1OPM &
ASSESSING NATURAL PERFORMANCE OF FELSIC TUFFS AT
YUCCA MOUNTAIN USING THE Rb-8r AND Sm-Ng SYSTEMS. Z¢l
Kayoio Fu and Richard W Spengler, U S Geologieal
Survey, Denver, CO

[IOPM

NATURAL ANALOG STUDIES FOR PARTIAL VALIDATION OF
CONCEPTUAL MODELS OF RADIONUCLIDE RETARDATION AT
THE WIPP. DB Ward. DG Brookine. Uuversity of New Mexico.
Desanment of Gealogy. Albuguergue, NM, M D Siegel, and 5)
Lamben. Sandia Natwonal Laborstones. Albuquerque, NM

[ 4S P M
RADIONUCLIDES IN HYDROTHERMAL SYSTEMS AS INDICATORS
OF REPOSITORY CONDITIONS . HLA. Wollanberg snd § Flexser,
Lawrence Berkeley [aborsiory, Berkeley, CA

TOPM

TEMPORAL CHANGI S (N URANIUM SERIES ISOTOPE
CONCENTRATION® AS A FUNCTION OF FLOW CONDITIONS IN
THE SSSDP ¥ _ ... SALTON SEA, CALIFORNIA, W
Dougias E Hammond and Teh-Lung Ku, University o

Californa, Depanment of Geologieal Sciences, Los Angeles, CA

IS PM

THE REDISTRIBUTION OF URANIUM SERIES RADIONUCLIDES AT
KOONGARRA, Roben Edip. Ausiraiian Nuciear Science and Technology
Organisation. Lucas Heghts Research Laborstones, Menai, Ausiraiia

10PM

STUDY ON ROLE OF ™TH IN URANIUM SERIES NUCLIDES
MIGRATION. Toshihuko Ohouky. Jepsn Alomse Energy Research Insiitute,
Tharnki, Japan, Shou Walanabe, Mitsui Knowledge 'ndusiey, Tokvo, Japan
and Takesh Murskami, Japan Atomic Energy Research Institute, bharsk),
Japan

145 P M BREAK

- 1I5PM I
GEOCHEMICAL CONTROLS ON URANIUM MOBILITY IN
CRYSTALLINE-ROCK AQUIFERS, , US. Geologieal
Survey, Goiden, CO. Donaid Langmuir, Colorsdo of Mines, Golden, CO,
Cynthis A Rice, U S Geologwal Survey. Golden, CO. and Paul Brggs.
U.§. Geologisel Survey, Lakewond, CO

w VUSSP M
FLOW PATH MINERALOGY TS EFFECT ON RADIONUCLIDE
MIGRATION IN THE GEOSPHERE, W D Chouden
Kamiseni and Tialie T Vandergraal. AECL, Whiteshell Nuciear Research
Esablishment. Geoxhemistry and Applied Chemistry Deparument, Finawa,
Canada

AN PM
ASSESSMENT OF RADIONUCLIDE MIGRATION IN NATURAL
ANALOGUES BY RADIATION-INDUCED CENTERS (N KAOLINITES,
QMIIBE' Jean-Prerre Mulier, Blandine Clozal. and Georges Calas,
Universites de Pans & e 7. Labarsioire de Minéraiogie-Cristallographie,
Paris. France

- 4I5PM
DIFFUSION POROSITY AND DIFFUSIVITY OF RADIO NUCLIDES IN
GRANITIC ROCKS PART | DIFFUSION INTERFACES AROUND
PERMEABLE FRACTURES, Veijo O Pirhonen, Kai Fronl and Petten
Pikinen, Technical Research Centre of Finland, Geoteshnical Laboratory .
Espoo, Finland



sorm L a2 lON RN UCAIREMI
ANTITATIVE INTERPRETATION OF HMALOGEN POREWATER hair Roben Silve
NCENTRATION PROFILES IN LAKE SEDIMENTS . ¥ Ehatacg Falsh Tuesdey ARernoon November |

atsd Paul J Hooker, Briush Geologieal Survey  Fluw Processss Kessarct

J
Amerncs S (W

ircup . Notungham. Unied Kingdom
LEM "R
BASIC RESEARCH FOR ASSESSMENT OF GREOLOGIC NUCLEAR
WASTE REPOSITORIES WHAT SOLUBILITY AND SPECIATION
- TUGLES OF TRANSURANIUM ELEMENTS CAN TELL US, Heun
SESSION B). CROUT AND CONCRETE Nigehs Lawrence Berketey Laborsiory, Earth Sowncer Divimon, Berkeiey
haers Ladlian Wakeey, Aden Alkinsor

sdS P M "1 Ll

ABSTRACT WITHDRAWN

andd P C Anewr

Tuesdey Mormung, November |
NEMIPS AND TRANSPORT POTENTIAL OF

DE SPECIES IN SUBSURFACE ENVIRONMENT

Nofhwesen miversity, Depanimen JEOIOEIC R
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0AM 3
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W APPL) N ILENDEL g E Moy and William M Woodry t Alamos Nstione

siope and Nuciear hemisry vimon. Los Alsmos. NM
Abgrdeen, Depanimen hemusiry . Aberdesn. 5¢O0UAMN

UPM P
REMOTE MEASUREMENTS OF ACTINIDE SPECIES USING AN
PTICAL FIBER AND PHOTOA STIC SPECTROSCOPY, R E
Russo. Lawrence Berkeley Labomory. Apphed Science Divison, Berkeley

A M LA

Ll

'HE EFFECTS OF
IRANSIENT RELEAS i
BARRIERS, Roben W _3nulh s Walton, ldal o AL A

Engineenng Laborsiory . Lo Fa .

P Robouch snd R b, Lavwrence Livermore Natonsl
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THE APPLICATION OF POSITRON EMISSION TOMOGRAPHY T
Y OF MASS TRANSFER IN FRACTURED ROCKS, D
g(Tengs. Harwell Laborsiory, AEA Decomumnsioning s
RM | ! ' "o wed Kingdom, M R Hawkesworth and D Parker

Shethirooke stmde. Mara OUn
stnide Limied, Pinawe anaUe
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OPM !
MIGRATION OF RADION LIDES IN GEOLOGIC MEDIA

FUNDAMENTAL RESEARCH NEEDS, DT _Rsed, Argonme National
wobber, U 5 Depariment of Energy Mice

BREAK
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TERM PROPERTIES EMENT ANI NCRETES M Health and Er nmenial Research, Washingion, DC sand | M

wie. F.P _Classer. A Kindness, and | P Moron Norhwest Laborstory. Richland, WA

Id Aberdeer

MR THE EFFECT OF EXPERIMENTAL CONDITIONS OF THE MODIFIEL
ALUATION OF DS BLEND MATERIAL SOURCE LANGMUIR ISOTHERM ADSORPTION PARAMETERS, Wilfred L.

EMENTIT 5 ™ lam, RD_SDe0gs. S ) Polger. Los Alamos National Laborsiory Environments! Science Orow
¢ L Fran ) e M nal Laborsiory hermucal Technology Lot Alamos, NM. M sopais Rao, Howard University, Washingion X

ynd Hector R Fuentes. University of Texas at El Paso, El Paso, TX

ELs PM P4S
F A MY EFFECTS ON ION EXCHANGE BEHAVIOR OF THE
o

ROLE VECTION AND DIFFUSION IN THE DEGRADATION NONIDEALITY
F PORTLAND CEMENT GROUT SEAL MATERIALS IN REPOSITORY ZEOLITE MINERAL CLIN ILOLITE. Robe FPabalap, Southwes
enter for Nuciear Wasie Reguistory Analyses, San

v

VIRONMENTS. S R Alkom, T hastan-Frear, and M O Wallage

RESPEC I Albuguergue, NM

AM B\SY SPM PLY
EY PARAMETERS OF ! I$ \ ECGRATEI EFFECTS OF MINERALOGY ON SORPTION OF §¢ AND Cs ONT
YSTEMS, Rignne Y vemag an p Godo ALRHO. Bagnols ALl HILLS TUFF, R.E Mever, W D _Amold, F 1 Case, G.D
Kelley, and J F Land, Oak Ridge Navional Laborsiory, Oak Ridge, TN

LR

SAM LI A0 PM Pall
THE EFFECT OF LEACHIN N THE PORE STRUCTURE ESTIMATION OF THE MIGRATION PARAMETERS FOR THE BOOM
BASED GROUTS FOR USE IN A LEAR FUEL WASTE DISH.SAL LAY FORMATION BY PER LATION EXPERIMENTS ON
M. Onolrei, MN. Gray, Alome Energy anads Limited NDISTURBED CLAY RES, M Put. M Monsecour, A. Forteyne

Nuclear Research Establishment, Pinawa, Canade. D Breton ane K/CEN Mol, Mol, Belgium; and M. Yoshida, PNC, Tokyo, Japan

Sherhrooke Unuiversily, Sherbrooke AnAUA




NP M uo.‘;
MIGRATION OF RADIONUCLIDES IN FRACTURE COLUMNS. Ptk

&M Hakanen, Umiversity of Melsinki, Deparmen of Radioshemusiry

+ Finkand. and Aumo Howiobevi, Technical Ressarch Cenire of
Finiand, Nuciear Engineenng Laborsiory . Helnnk, Finiand

430PM
(ABSTRACT DRAWN)

dIPM %

THE INFLUI OF TRACE ELEMENTS (N CONSOLIDATED
SEDIMENTARY ROCKS ON THE MIGRATION BEHAVIOUR OF
RADIONUCLIDES, . OSF - Instiw Rir Tieflagerung, Braunschwerg
Wes Germany, and B Bode. Lahsiedi, West Germany

¥uuuy Evmn.. Nmmc\gu

TIOPM L 10OPM
Amenca Baliroom (W)

*l EFFECTS OF HEAT TREATMENT ON THE :“CROSTRUCTURE
OF A FULLY SIMULATED NUCLEAR WASTE GLASS. Toreme V.
Balmiter. | Joseph, and L. David Pye, NYS Coliege of Cersmics st \ifred
University, lnstinite of Glass Science and Engineening, Alfred, NY

M4 EFFECTS OF MIPING TIME. TEMPERATURE. AND PRESSURE
ONICPP EXPERIMENTAL WASTE FORM PROPERTIES.

Westinghouse Idaho Nuciear Company, Idaho Falis. ID, and D v Miley,
EG&G ldaho Company, Idaho Falls, ID

'upe LEACH RATE EXCURSIONS IN BOROSILICATE GLASSES

ECTS OF GLASS AND LEACHANT COMPOSITION. ;
S A Olmowks, W Soussnpour, M A Adel-Madadi, R Adige. Al Barkan,
G5 Marbury, § Li, The Catholic University of Amenca, Wasthungion, DC

% R7T7 GLASS INITIAL DISSOLUTION RATE MEASUREMENTS
USING A HIGH TEMPERATURE SOXMLET DEVICE. F Delage, /L
Dussassoy, CEN-Vairhd, SDHA/'SEMC Bagnolssur-Ceze France

q APPLICATION OF THE GRAMBOW MODEL TO LEACH TEST
DATA ON WEST VALLEY GLASSES. X Feng. , Huing-ye
Ting, L Pegg and P B Macedo, The Catholic University of Amenca,
Viwreous Staie Laborsiory, Washington, DC

PL§ EFFECTS OF COMPOSITION VARIATIONS ON
MICROSTRUCTURE AND CHEMICAL DURABILITY OF WEST VALLEY
REFERENCE GLASS,
Pogg, The Cathalic University of America,
Washingion, DC

PE] (ABSTRACT WITHDRAWN)

shele X Feng, H. Gu. 1S Muller and |.L
The Vitreous Siete Laborsiory,

-~ ELE MEASUREMENTS OF RADON EMISSIONS FT.OM NUCLEAR

WASTE, O. Espinoss, H. Ky and XM _Cosafy, Instituio de Fiscs UNAM,
Méaico, Méxio

PS8 CHARACTERISTICS OF MIGRATION OF ®$¢ AND "' § (N
ALKALINE SOLUTION THROUGH SANDY SOIL, . '
Japan Alomic Energy Research Institute, Depaniment of Environmenial Safely
Research, Tokai, Jopan.

STUDIES OF THE EFFECTS OF DEGRADATION PRODUCTS ON
THE SORPTION OF TIN AND RADIUM. s GM N Baston, K A
Bond, C M. Linklater and N.J Pilkingion. Harwell Laborsiory, AEA
Decommissioning and Radwaste. Oxfordshire, United Kingdom

ELLl DEVELOPMENT OF HIGH TEMPERATURE UV-VIS.NIR
SPECTROSCOPY FOR THE MEASUREMENT OF FREE ENERGIES OF
COMPLEXATION AT ELEVATED TEMPERATURES, E_Robouch. P
CGramt. R. Torres, and R. Silve. Livermore National Laboraiory, Nuclear
Chemistey Division, Livermore, CA

&g APPLICATIONS OF SPHAGNUM PEAT FOR IMMOBILIZING
JOACTIVE AND HAZ ARDOUS CONT AMINANTS IN THE
SUBSURFACE. DO Brookine, B Thomeon, Universiiy
of New Mexico. Albuguergue. NM; and P O Eller, Lo Alamos Natons
Labormiones, Los Alamos, NM

eéj DIFFUSION MEASUREMENTS OF RADIONUCLIDES IN SITE
SPECIFIC SEDIMENT GROUNDWATER §YSTEMS. Hane Meigr, Erwin
Zimmertackl, Gunier Zeitier, and Prus Menge, Swal . Forshungsinsiu
flr Geochemie Audenselle des Geologimhen Landessmies Bambery W es
Germany

PELE IMMOBILIZATION OF RADIOACTIVE STRONTIUM IN
CONTAMINATED SOILS BY PHOSPHATE TREATMENT, K M Kim.
University of Tennessee, Knoxville, TN, and ¢ Oak Ridge National
Laborstory, Environmenial Sciences Division, Oak Ridge, TN

INFLUENCE ON THE TRANSPORT PROPERTIES OF REDOX
SENSITIVE ELEMENTS (.G TECHIETIUM) BY MICRO
ENVIRONMENTS AND MICROORGANISMS . Manskar! Brihl, Asaf
Pekdeger and Angreas Winkier. Freie Universidt Beriin, Berlin, Wew
Germany

PLLS THERMODYNAMIC MODELLING AND AQUEOUS
CHEMISTRY IN THE CoOALO, SI0, M0 SYSTEM,

John A Hearne and Clive F Knuights, Harwell Laborsiory, AEA
Teshnology, Dideot. Unied Kingdom

MIGRATION OF CESIUM. STRONTIUM AND COBALT IN
WATER SATURATED CONCRETES, , Hirowks Furiya,
Ryuji Toutsumi, Sigeaki Yonezaws, Yaohiro Inagaks. Kyushu University,
Fukuoks, Jepan. and Seichi Saw. Mokkaido University, Sapparo, Japan

EELLE THE EFFECT OF SILICA FUME AND WATER-TO CEMENT
RATIO ON THE HYDRAULIC CONDUCTIVITY OF CEMENT-BASED

GROUT, A_A_A‘_ym M. Onofrer, MN Gy and B Shenion,
Atomic Energy of Canads Limied, Whiteshell Nuclear Researsh
Eswblishment, Pinaws. Canads

*u‘% SENSITIVITY OF A CEMENTITIOUS GEOCHEMICAL
MODEL

TO CHANGES IN THE GIBB'S FREE ENERGY OF THE

COMPONENTS, Mark A_Gardingt and Cenig A Givems, IT Comporstion
Albuguerque. NM

PS30 EFFECTS OF CHLORITE ALTERATION ON URANIUM
REDISTRIBUTION IN KOONGARRA, AUSTRALIA. T i\
Hiroshi Isobe, Japan Alomic Energy Research Institute. Ibaenk:, Japan; and
Robert Edis. Austratinn Nuciear $cience and Technology Organisation,
Monsi. Ausiraiin

COMPARISON OF TUFF. GRANITE, AND BASALT AS HIGH
LEVEL REPOSITORY HOST ROCKS LITHOLOGIC FACTORS
INFLUENCING FLUID COMPOSITIONS, V1 Geaasi, A
Lee. D E Grandstalf. Temple University, Ge slogy Depariment,
Philadelphia, PA

P832 HIOH TEMPERATURE ANNEALING OF NATURAL UG,
and Rodney C Ewing, University of New Mexico.
Depantment of Geology, Albuguerque, NM

ESd) ON THE COMPARISON OF THE EFFECT OF pH ON THE
SOLUBILITY OF AN UNIRRADIATED UO2 IN BOTH PER
CHLORATE AND CHLORIDE TEST SOLUTIONS. INFLUENCE OF
THE SOLID MORPHOLOGY, oL Casas, M. Aguilar, | de
Pablo. | Giménez, UPC, Depanment of Chemical Engineering, Barcelona,
Spain: and J. Bruno, KTH, Depanment of Inorganic Chemicals, Stockholm,
Sweden

DIRECT ANALYSIS OF TIME DEPENDENT FUNDAMENTAL
SOLUTION IN THREE -DIMENSION AL TRANSIENT ADVECTION
DIFFUSION BY BOUNDARY ELEMENT METHOD, i
ond Akin lsone, Information and Mathematical Science Laborstory e
Tokvo, Japan



THREE DIMENSIONAL VISUALIZATION A MEANS OF
Ol (ZING ANALYSIS OF TECHNICAL INFORMATION FOR A
SEOO0IC REPOSITORY FOR KION LEVEL WUCLEAR WASTE, Donald
WU.I Dept. of Energy, Washingron, DC. E Richard Hill, John
L Smoot, Pecific Nonhwes Laborsiory Richland. WA, Dennis R S,
Kares Waldo, Dynamie Graphies, bne . Belhesda. MD. Kennein G Eggen,
Los Alsmos National Laborsiory, Los Alamos. NM. s Kenneth M Krupks
Peeific Nomhwest Laborsiory, Richland, WA

-
MODELLING THE CHEMIC AL BEHAVIOUR OF
ADIONUCLIDES IN WASTE DISPOSAL IN GRANITE. B_Esbngl.
BROM Depanvment of Geochemumry . Orlesrs, France. O Ouzounin, Andrs
Fornenay-sux-Roses, France

DIFFUSION POROSITY AND DIFFUSIVITY OF
RADIONUCLIDES IN ORANITE ROCKS. PART (I DIFFUSIVITY AND
ELECTRICAL RESISTIVITY MEASUREMENTS IN ROCK MATRIX
AROUND FRACTURES, Heikk Kumpulsinen. Anp Mugtinen end Kan
Uusheimo. Technical Researsh Centre of Finland, Rescior Laborsiory, Espoo
Finiand

RADIOACTIVE TRACER STUDY PERFORMED IN A DIPOLE
GEOMETRY IN A HIGHLY CONDUCTIVE FRACTURE ZONT, loheo
Byskhry, Gunnar Skarnemark, Mot Skidlberg, Chalmen University of
Technology. Depariment of Nucioar Chemimry . Gothenburg, Sweden

TEMVERATURE INDUCED REDOX FRONT iN THE NEAR
FIELD OF A REPOSITORY FOR SPENT FUEL, Allao T Emesn. Chaimers
University of Technology, Depaniment of Nuciear Cheminry, Gdigbarg,
Sweden

CRITICAL CHLORIDE CONCENTRATIONS FOR PITTING OF

AUSTENITIC AND MIGH-NICKEL ALLOYS. B _Danigl MeCnghy. Joseph
C Farmer. snd Dennis L Fleming, Lawrence Livermore Netional laborsiary,
Livermare, CA

STATISTICALLY DESIGNED LEAD CORROSION EXPERIMENTS
FOR NUCLEAR WASTE DISPOSAL, B _Man Maihgw and P A Krueget
Alamic Energy of Canade Limited, Conminment Analysis Branch, Pinaws.
Coneds

UNCERTAINTIES IN CONTAINER FAILURE TIME
PREDICTIONS, RE_Wiliford. Pecific Nomhwest Laborstory, Richland, WA

AN ADVANCED COLD PROCESS CANISTER DESIGN FOR
NUCLEAR WASTE DISPOSAL, Meikki Raiko, Technical Research Centre of
Finland. Nuclear Engincering Laborstory, Helsinki. Finland, and '
S0l0. Teollisuuden Voima Oy, Nuglear Waste Office, Helsnki, Finlend

EVALUATION OF THERMAL CONDUCTIVITY OF BACKFILL
MATERIAL VIA A TRIAL FUNCTION TECHNIQUE, s M. Xu, RN
Yong and . MeGil University, Geoteer nical Research
Centre, MeGill University, Monireal, Cenada
uﬁ"f MODELLING STUDIES OF SORPTION OF UV ANIUM AND
PLUTONIUM IN THE FAR-FIELD OF A NUCLEAR WASTE
REPOSITORY, A Haworth, § M. Shacland and C 1 Tw el Harweli

Laborstory. Radwaste Disposal R&D Division, AEA Decommussioning and
Radwaste. AEA Technology, Dideot, United Kingdom

DESIGN AND TENTATIVE RESULTS OF REDOX CAPACITY
MEASUREMENTS OF GRANITIC ROCKS AND MINERALS, Yeuo O,
Pihongn. Technical Research Centre of Finland, Geotchmcal Laborstory,
Espoo, Finland

THE WIPP BIN-SCALE CH TRU WASTE TEST PROGRAM
INITIATION, Matio A Molgsks, Sandia Natwonal Laborsiones, Albuguergue,
NM

COUPLED THERMO-HYDRAULIC BENAVIOR AROUND
ACCESS SHAFT SEALED WITH BACKFILL MATERIAL, L_ORameio,
Kajima Comaoration, Nuclear Power Depanment, Tokyo. Japan, K lshihare,
Y. Sawsuchi, Kajima Corporstion, Civil Engineering Denign Division, Tokyo.
Japan, K Hars, N Samki, Power Reactor and Nuclest Fuel Development
Corporation, Geologial solation Technatogy Secuon, Ibaraki-ken, Japan

X

XS

467

u* BENTONITEGROUNDWATER INTERACTION IN INKRT
NITROGEN ATMOSPHERE, Anna Nywirtm. e Loien, CF imen
University of Technalogy . Deparumeni of Nuciear Chemumry . Giuborg,
Sweden

CHARACTERISTICS OF BOOM CLAY AS SEALING AND
ILLING MATERIAL. and Feans T L
Vandervoon, SCK/CEN, Department of Geo Technoiogy . Mol, Belgm

PEAl A REVIEW PROCESS AND A DATABASE FOR WASTE
PACKAGE DOCUMENTS, U S Nuciear
Reguimory Commusson. Divimon of High Level Wase Management. Office
of Nuglest Materals Safety and Sefeguards, Washingion, DC, Carla A
Mesing. Consulant, Beihersa. MD. and Anre © Fraker, National st
of Sundards and Technology Caibersturg, MD

EFFECT OF OXYQOEN TRANSPORT AND RESISTIVITY OF
THE ENVIRONMENT ON THE CORROSION OF STEEL. E_Escalang.
U Benosei, Natonal Institute of Sundards and Technology  Gaithersburg,
MD. ang T Oka. Nippon Sieel Corporsiion, Japan

Chair Lawrence Johnson
Wednesdsy Mortung, November 28
Amence Soulth (W)

FIOAM ¢
SPENT FUEL DEGRADATION Rgy 8 Forsyih, Studevik Energiieknik
AB. Nykoping, Sweden

GO0 AM m

PHASE RELATIONS OF THE URANYL OXIDE HYDRATES AND
THEIR SIONIFICANCE TO THE DISPOSAL OF SPENT FUEL, RL
Fingh #nd B € Ewing, University of New Mexiwo, Geology Depanment,
Albuguergue, NM

GISAM

DISSOLUTION BEHAVIOUR OF USED CANDU FUEL UNDER
REDUCING CONDITIONS, LC Tal. § StroesGascoym, W H
Hocking, AM Duclos, RJ. Porh and D L. Wilkin, AECL, Whiteshell
Nuclear Research Establishment, Pinaws, Canada

SdS AM BREAK

I0ISAM P4

RESULTS FROM LONG-TERM DISSOLUTION TESTS USING
OXIDIZED SPENT FUEL, Chatiss N Wilsap, Pacific Northwes
Laborstory, Richland, WA

03 AM. PoS
RADIATION INDUCED DISSOLUTION OF UG, Hilben Chosisises.
Stuasvik Nuciear. Nykoping, Sweden

0ds A M

VO, MATRIX DISSOLUTION RATES AND GRAIN BOUNDARY
INVENTORIES OF Cs, S¢. AND T¢ IN SPENT LWR FUEL, W, Uy
and D M. Sischan, Pacilic Northwest Laborstory, Richland, WA

1100 AM 7

SIMPUEL DISSOLUTION STUDIES IN GRANITIC GROUNDWATER
UNDER OXIC CONDITIONS AT 25°C . Jondi Boune and Amaws Sandino,
Roval lastiute of Technology, Depanment of Inorgame Chemistry,
Stockhoim, Sweden

LIS AM

A DESCRIPTION OF THE KINETICS AND MECHANISMS WHICH
CONTROL THE RELEASE OF HLW ELEMENTS FROM SYNROC,
KL Smih. KP Han, G R Lumpkin, P MeOlinn, J. Baniow, P Lam
and MO Blackiord, Ausiralian Nuclear Science and Technology
Organisation, Lucas Heights Research Laborsionies, Sydney. Austraiia



.

« D PEM
. Iﬂﬂﬂlﬂmu LEVEL NUCLEAR WASTE MANAGEMENT Frag

, Vanderbt Umiversity, Depariment of Civil snd Eavironmenial
. Neshvilie, TX

&- )uun‘nnuuu\uw

Wedneadsy ARernvon, November 28
Amencs Soulh (W)

TP M

HEAT PIPE ON THE TRANSPORT OF GASEOUS
RADIONUCLIDES RELEASED FROM A NUCLEAR WASTE
CONTAINER, W._ Zhou, P L Chambre, T H. Piglord. and W W L Lee,
University of Californis. Berkeley, Deprriment of Nuclear Enginsenng,
University of Californe and Lawrence Berkeley Laborsiory, Berkeley, CA

TS M

RELEASE AND TRANSPORT OF GASEOUS C-14 FROM A NUCLEAR
WASTE REPOSITORY IN AN UNSATURATED MEDIUM, W B Light,
ED Zwahien, TH Piglord, P L Chambed and W W oL Loe, University of
Californis and Lawrence Berkeley Laborsiory, University of Californi,
Berkeley, Depaniment of Nuciear Engineenng, Berkeley. CA

IMPM
WASTE E IN THE VADOSE ZONE AFFECTED BY WATER
VAPOR CONDENSATION AND LEACHING, LW , GW. Gee,
Batielle Pazific Nonhwest Laborsiory . Geossiences nment, O A Whyau,

Batielie Memornal Insiuie, Wasie Techinology Center, Richiand. WA

T PM

AQUEOUS D ION IN UNSATURATED MATERIALS, lames L
Ca0ss, Weshington Sute University TriCities, Environmenial Sciences,
Riohland, WA, Judith Weight, Pagific Northwest Laborsiory, Richiand, WA

JOOPM BREAK

10PMm, ¢
DEMONSTRATION GF A GYSTEM PERFORMANCE ASSESSMENT
PROCESS, , AECL Ressarch, Whiteshell Laborsiones,
Maniiobs. Canads

d0PM

PRELIMINARY MODEL OF REPOSITORY CHEMISTRY FOR THE
WASTE ISOLATION PILOT PLANT, , Sandis Navonal
Laboraiones, Albuguergue, NM: D Grbie-Galic, Sunford University,
Swanford, CA; DT Reed, Argonne National Laborstory, Argonne, 1L, X
Tong, Sunford University, Sanford. CA. R M. Veeeland, West Choser
University, West Chester, PA, and R E. Westerman, Pacific Northwes
Laborstory, Richland. WA

ISP M

ON THE FROBLEM OF CONSISTENCY OF CHEMIC AL
THERMODYNAMIC DATA BASES, Hans Wanoet, OBCD Nuciesr Energy
Apency, Data Bank, Gilf-sur-Yveus, France

430PM

QUANTIFYING THE EFFECTS OF UNCERTAINTY IN
THERMODYNAMIC MODELLING, | M. Bealby, A Dawes and D Read,
WS Atkine Engineering Sciences, Pluids Depanment, Epsom, United

Kingdom

AP M
A NOVEL CONCEPTUAL MODEL FOR THE FLOW AND TRANSPORT
IN FRACTURED ROCK, Aimo Hautomrvi, widd Seppo

Vuor, Nuclesr Engineering Laborstory, Technical Euunh Centre of Finland,

Helsinki, Finlard.
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Thursdey Moming, November 29
Amench South (W)

KIOAM Il

CONTAINER MATERIALS POR HIOH-LEVEL NUCLEAR WASTE AT
THE PROPOSED YUCCA MOUNTAIN SITE, ’
Lawrence Livermore Nauonsl Laborsiory  Livermore. C A

Vi AM

REPASSIVATION METHOD TO PREDICT LONG TERM INTEGRITY
OF LOW ALLOY TITANIUM USED FOR NUCLEAR WASTE
PACKAGE. Shigeo Toujikaws and Y . The University of
Tokyo, Materais Science Deparunens, Tokyo, Japan.

GISAM

N\’DlOﬂlN%OLU’ﬂON FROM CORROSION OF IRON AND STEEL
IN INTERMEDIATE LEVEL WASTE REPOSITORIES. R. Grouer, Paul
Scherrer instituie, Villigen, Switzerland, B Koecht, NAGRA. Nucioar
Technology Depariment, Baden, Swieriand; P Keew ond LP_Simpson.
Sulzer Innotec Lad . Winterthur, Switzeriand

Va4t AM  BREAK

1018 AM

ENVIRONMENT AL EFFECTS ON LOCALIZED CORROSION OF
HIGH LEVEL NUCLEAR WASTE CONTAINER MATERIALS. Gusiavo
Ceagnolino, . Southwent Research instituie, Comter for
Nuclear Waste Reguistory Analyses, San Antomio, TX, and Walter |
Machowski, Southwes Research Lnsttuie, San Antonio, TX

1030 AM

THE CRITICAL CONDITION FOR THE INITIATION OF LOCALIZED
CORROSION OF MILD STEEL USED FOR NUCEAP WASTE
FPACKAGE. Gen Nakeysma and Massisung Akashi. lsnikswsima-Hariow
Heavy Indusnes Company, Lid . Research instise, Tokyo, Japan.

1048 A M

CORROSION PRODUCTS AND MECHANISMS IN LONGO-TERM
CORROSION OF COPPER ALLOYS, W Naval Consal
Sysems, Systems Cenier. Panama Cuy, FL, and B.J Little, Naval
Oneanographic and Aimosphens Ressarch Laborsiory, NSTL, M$§.

00 AM

EFFECT OF COMPACTED BENTONITE ON THE CORROSION
BEHAVIOR OF CARBON STEEL AS A GEOLOGICAL ISOLATION
OVERPACK MATERIAL, T Teshima, K. Tourudome, M.
Ishikews ¥ Yuss and N Sasaki, r Resctor and Nuclear Fugl
Developmem Corporstion. Tharski, Japan.

IS AM

CORROSION OF COPPER-BASED MATERIALS IN [RRADIATED
HIGH-HUMIDITY AR SYSTEMS, D 1. Reed. Argonne National
Laborsory, Chemical Technology Division, Argonne, [L. and R A Van
Konynenburg, Lawrence Livermore Nauonal Laborsiory, Livermare, CA

1AM

STAINLESS L WELDS IN CONTAINERS OF NUCLEAR WASTE,
, University of Californis, Berkeley, Deparimeni of Materials

Science and Mineral Engineening, Rerkeley, CA

Chair: John &

Thursdey ARevnoon, November 29
Amenca South (W)

100PM. ¢

KEY PARAM § OF GLASS DISSOLUTION N INTEGRATED
SYSTEMS. Buenoe Y. Yaoas snd Nicole Godon, CEA-VALRHO,
Depariment DPR/SCD, Bagnois-sur-Céze, France

1J0PM
NEAR-FIELD ANCE OF THE ADVANCED COLD FROCESS
CANISTER, LO. Werme. SKB, Swckhoim, Sweden, and J-P Salo, TVO,
Melninki, Finlansd



n#“ Mnon

ROLE TORY ANALOG EXPERIMENTS IN ASSESSING
THE PERFORMANCE OF WASTE PACKAGE MATERIALS. LG Cunnaie
wnd | K. Baies, Argonme Nevonal Laboriory, Argonse, 1L

TOFM

ACTINIDE JORT IN TOPOPAN SPRING TUFF PORE SIZE.
PARTICLE 8125, ANL QIFFUSION, lawrene
Livarmone ertonal | abore, wy, Barth Lavermone, CA.

Dougims & Phinney, L awren  Livermore Netioosl Laborsiory, Nuclear
Chomustry Depanment Liverm ee, CA, and Devie K Smuh, Lawrence
Liverrare Natonal Latomtory, Sanh Scionces Depaniment, Livermore, CA

ISPM
OAS FORMATION iN A HLW | EPOSITORY  EVALUATION AND
MODELLING OF THE PRODV(TION RATES AND CONSEQUENCES ON

THE SAFETY OF THE REPOS! FORY, m* CEA/IPSN/DAS,
Forenay-sux-Roses, France, and Sylvie Vouus, CEA ANDRA. Fomensy aux-
Roses, France

1MPM

'nmmHNULAﬂON OF AOCK SALT BEMAVIOUR RESULTING
FROM DISPOSAL OF MIOH LEVEL “ADIOACTIVE WASTE. D
Caremelie, Mi Gaudez CEA, Saclry, France. | Mong, GSF Braunsshweig,
Germany, G Cuzounian, Andra' Desi, Fonte. wy Aux Roses, France, and O
Simonet, CEA Far IPSN/DEMN. Forenay Au. Roses, France

AP M

EFFECTS OHLMA AND GAMMA RADIATION ON UNSATURATED
REPOSITORY ENVIRONMENT, Jotn E. Young e John K Bates. Argonne
Nationsl Laborsiory . Argonne. IL

JOPM BREAK
Mu' i% Alein
Thursday Aflernoon, November 29
Amanes South (W)
JIOPM
THE EFF F MOISTURE REDISTRIBUTION AND TEMPERATURE

ON THE LOAD-BEARING CAPABILITY OF A CLAY -BASED BACKFILL.,
m?“ MN Geey, Alemic Energy of Canada Lid . Whiteshell
Nuglear Roseeroh Fatablishment, Pinaws, Canata: RN Yong snd A M O
Mohamed, MeGill Univeimty, Geotechnioal Research Centre, Montreal,
Canada

JAS P M.

COMPRESSIVE BEHAVIOUR OF CLAY BASED BACKFILL UNDER
LARGE HYDRAULIC LOADING, HT Chap snd K.C. Lau, Onaro Hydeo,
Civil Research Depaniment, Toronio, Canada

X PM

APPLICATION OF ELASTO-PLASTIC MODEL TO MECHANICAL AND
HYDRAULIC BEHAVIOR OF BUFFER MATERIAL UNDER WATER
UPTAKE IN A REPOSITORY, T Fujis, K. Hams, Y. Yuss, N Sasaki,
Power Reacior and Nuclear Fuel Development Comorstion, fharski, Japan

dI5PM
HYGRO-THERMAL PERFORMANCE OF AN ENGINEERED CLAY
BARRIER, A PSS Stivaduny. Corleton University, Deparment of Civil

Engineering, Ontano, Canada

CIFM

DEVELOPM FOR IN SITU TESTS ON COMPACTED BENTONITE-
BASED BUFFER MATERIALS. B M. Kisrarson and M N Grey, AECL
Res b, Manitoba, Canada: end B Pulles, EBA Consuliants, Albera,
Canade.



Pl

Overvibw of Chemical Modeling of Nuclear Waste Glass Dis-
solution ar, Lawrence Livermore National Labors

tory, - 219, Livermore, CA 94550

T*e various mechanisma proposed 1o be rate-limiting for borosilicate
glase dissolution fall into three broad categories: (1) wmoring and
diffusion-limited tranaport of constituents through a surface precipi-
tate; (2) surface reaction rate control dusto dissolution affinity of the
glass or an altered (ayer on the glase surface; and (3) diffusion through
4 leached layer. Recent experimental resuits including NMP spec.
troscopy o hydrated surface layers, dissolution rate measuretents 9
D30 solutions, and as weli az closed-system and flow-_.rovgh glass
dissolution testa are cc - stent with surface reaction contre'.

Models of glass dissolution incorporating surface reaction rate con-
trol have been succesafully applied to glass dissolution experimen-
tal results, in particular, the work of Grambow. Model refinements
are aimed at ucing experimental results to provide model parameters
rather than obtaining the parameters through regression of glass dis-
solution rosults. Future experimenial and modeling work should be
aimed i providing definitive proof of Lhe surface reaction rate control
mechanisma. Simple experiments should be performed that isolate ape
cific effects such as glass composition, pil, and solution composition,
while holding all othar parameters constant, Confidence in our sbility
to make long-term predictions of glass performance in a nuclear waste
repository critically 1epends on accurate knowledge of rate-limiting
dissolution mechanistng.

Work performed under the avspices of the U & Deparsment of Energy Offica of
Civilian Waste Massgemant, Yuccs Mountain Project Office, by Lawrence Liver.
more National Laboratory under contract W.T408.ENG 8.

P12

ENHANCEMENT OF BOROSILICATE GLASS DISSOLUTION BY SILICA
SORPTION AND DIFFUSION IN COMPACT™™ BENTONITE: A MODEL
STUDY ; Paul Scherrer insutut, Villig.n and Wurenlingen, Switzer-
land. and Paul A. Smith, Paul Scherrer Insuwu, Villigen and Wurenlingen,
Swiwetiur..

Experimenial evidence indicates hat glass cormsion raies decrease prosonion-
ally with the increase of silicic ‘¢ 4 concentrauon in the soluton conta: ag the
glass surface, A minimam cormusion rate (L, 15 reached when the solution
becomes salurated with respect w amorphous S10y In a repository where the
vitrified waste form i, surroundsd by compacied bentonite, the silica dissolved
{rom the giass will diffuse into the pore soluuon .. concentration gradients
will be established throughout the backfill maenal. The silicic acid concentra-
lion at the glass~bentonite interface, and thus the glass carrosion rate, will then
be diffusion controlled. Moreover, expenmental work suggests that significant
sorption of silica by clay minerals in bentonite may accelerate glass corrosion.

A model describing glass corrosion coupled with diffusive transport and sorpuion
of silica in bentonite has bean developed and inc| porated in & FORTRAN
computer code (OLADIS). The model assumes: (a) a linear isotherm for the
sorption of silica (Kp), (b) ume and space invanani pH, temperature axd i9nic
strength, (¢) proporuonality between the quanuty Hf silica precipitated and the
amount of glass dissoived and (d) cylindncal geometry. Preliminary calculations
for unfractured glass, assuming no silics sorpucn oo the bentorute, indicate that
A stationary state is rapiyy reached in which the silica concentration at the glass-
bentonite interface 15 lower than the saturation cuncentrauon. This implies that
the glass corrodes at a more rapid rate than L,y (L, ~ 6., ). If moderate silica
sorption i3 assumed (Kp = 0.5 m? kg~'), the anainment of stauonary conditions
is deizyed by the removal of silicic acid from solution, and the average corrosion
rate is funher increased by a fact.c = 2

Pl

RARE EARTH ELEMENTS BENAVIOR DURINC ALTERATION OF BASALYIC
GLASSES | CASE OF THE WEATHERING OF [CELANDIC MYALOCLASTITES.
RAMR Y., Crovisier J.L., €.G.5., Strasbourg, FR; and Petit
J€.y C.E.A., SESD/LECALY, Fontenay-aux-hoses, FR.

THE studied SAmpIes  Are Basaitic Nyaloclastites with sges
ranging from 1800 yeare to 2.4 Ky, collected in the Hengill
angd Husafell aress, lceland. They were ditered n subyiacial
S MALEOric Conditions At temperatures close to O'C. Initial
solutions vere very diluted, nevtral Lo wedkly aciu and oxy~
Giting. The Nyaiociastites are made of mullimetric graine of
glese surrounded Dy An ALLErat.iOon i (palagonite) and ce-
mented Ly LALOrgranuliar materiais

1+ Palagonites, often appesring 4mOERNQUl by X-ray diffrac~
they  Lre in fact made up of smail smectitic particies limi~
tew to fow layers #hile intergranular materials which appear
SLystaliiied by X-ray diffraction are composed of well ex-
pandated trLoCtahedral emectites.

2« In &« same samp.e the RER contents of palagoni.es are g6~
nerally highet than the intergranui.r material ones.

3+ ABSURLAG & CONSLANE LEOA CONLENT wo Caloulated an absoliu~
te REE enrichment of the amo.phous secortery products o
conLrast with an absoivte REE depietion of the corresponding
crystallised ones. Knowing that solvtion contributions can
be negliected, we may conclude that the enrichment in REE in
AROCPhOus material 8 in fact relative, when considering the
whole react.on products,

Humerous studies of Dormsilicete gqlasees altered .n vater
have Shown that actinidos (the analogs of whivh are the REER)
Ar® Lrapped by AmOCPLOus alteration rime. An (ncrease of the
crystellinity of these rims with time would be penalizing
for the confinement of radionuclides in the near field Lnso~
far a8 RER retention capacity of amomrphous alterat.on pro-
duotd i far better than crystailised products one.

PLa

LINERALUGICAL, TEXTURAL AND COMPOSITIONAL DATA ON
HE ALTERATION OF SASALLIC GLASS FROM KILAUEA, MAWAI
10 > 300°C INSIGHTS TO THE CORROSION OF A BOROSILICATE
GLASS VASIEFURM Dana K Smign Lawrenco Livemore Nauenai
LADSIAL vy Liveundre CA ’:.5‘30

Slutdnts 4 (he Aysiingi N sileration 9l pOfD'.ﬂ‘\‘c Casal (8' wvin tlo,,
Oy v e 9oy T RGNS SHEWANNG &L deptn tnraugh tne East Rt 2one
Rigued M@wan 4y O InGwalive Of alleranan mindraiogies expecied
Juieg  Suriace (eadtiac o & Dorcsucale glass wastofoin. This

e UGl (10T AN s ILE SeOLeNnCe O 10CONTA y PRASLS PICOURNA DY
Ul allerdabion Cf Casall the loxtuies Of thuse consttuents &g

ROl Jala. The (BN deep MGP-A geoinarmal well penelrales
ool glas iy Lasalls 81060 Dy vRPYr and Huias O vAriabie saiinity

HITN e vy

JOL L Qe tngirll Jeucal SEM. XRD ang elaciion probe analyte4 of

cale Ul SAMPES Conhim Ihe Jown-nor progression i the

Gilleuicir Leguenge lom 1) intermitient U:‘“ JNie 10 2) smectite
Oeililig W ie 10 sap01le) W J) Mixed ChIOe SMECIA - CHINmMe 10 4)

adhighie Ao nde - achinoite, epiGle and anhydnta at 10tal Jepin
Taatically Codie afG U088 al® DEsl Ceveloped In ractures ana
s heie sULONJ ey MINGraly grow N 1inds in oxcdss of 100 microns
FER repi@senidlve (savinn Surlucas exnibit (ne inward growah of an
HALUSR o0 WA (e §lass MAalrix. palagonite Supeicausd by Fa
oy Ayd al high temparature, ampnbole  rract . Of
ity «vodab ewiniv O S cuialion, ang alleralicn IR neui
v MR Suriace slleiAUSN layers mirnic (nat of 8 SHL €8
g slused QUG e Sixly Jay siauc weaching las: at 180C
Gad candh Wl e Surfacs Ale aLCN layer reveals (he presenie of An
0w phitus S10; Gepivied | alalive 10 the iresh glass) 11ont preceding ine
Sva v waly (l@AION (NG Juing g1owtn INto (the giass matrix  The high
e aluie aod Saane chaeristry Of Huids and vapor varadiy acting on an
S ORIC P Lty Sy sldline La3all deliactrom HGP-A a3 4 Consv aiNed
ANAILY, however JOLw e labon Of Jlteralion pnases and thav consuruent
lealui@ and COmpuiilicn cay Le Of ulilty in a3sessing moaes ot

Do QG IO Yluss ¢33 105

PLs
THE IMPORTANCE OF SECONDARY PHASES IN GLASS CORROSION.

William L, S*Lrt and John K, Bates, Argonne National
Lasoratory, Argonne, IL 60439,

The durabi!ity of borosilicate glasses ‘n the hydro-
logically unsaturated environment anticipated at the
proposed Yucca Mountain repository site must De
sufficiently well understood to project possible
radioruc] ide release rates over very long time periods,
Such an environmert {s not well represented by typical

470



leaching tests using large volumes of water. Experiments
in a steam environment wherein the volume of water
avadlable for reaction 1s restricted to & small amount of
condensed wate” have shown the rate of glass reaction to
acceierate upon formation of secendary phases. The
influence of the secondary phases s through a decrease

in the solution concentrations of major glass species
which fncreascs the affinity “or glass dissolution, The
solubility products of the secondary phases which form
contro] the solution chemistrysand so the glass
gisso'ution rate, and identification of these phases Is
necessary to project the behavior of glass waste forms
over 1nng times using computer simulations, An
experimental technigue 1s described which accelerates the
glass reaction such that secondary phases are produced
after only a few days of reaction, and associated
solution concentrations are measured, A correlation
between the experimental results and the glass modeling
effort underway by the Yucca Mountain Project 1s shown,

work surported by the U.S, Department of Enerjy, Office
of Civiilan Radioactive waste Management, Yucca Mountain
Project under subcontract to Lawrence Livermore National
Laboratory, SANL 910-008.

PLb
THE ROLE OF SURFACE LAYERS IN GLASS LEACHING PERFORMANCE.

J. K. Bates, Argonne Natfonal Laboratory, Argonne, IL
v .

The mechanistic assessment of glass reaction processes
with water requires the assimilation of data regarding
elements released to solution plus the structure of
reacted layers that remain on the glass, Recent advances
in analytical elsgtron micruscopy provide new insight
into the role o7 surface layers in glass reaction,
Examples are given where layers, consisting of indivioual
bands, form, rema'n attached to the glass, and
restructure Into crystalling phases. These crystalline
phases may include actinide elements and thus the layer
aCls as & barrier for release of selected elements,

Other examples are given where the layers form only
locsely attached to the glass, with a solution gan
forming between the layer and the glass. In this case,
the layer can be detached from the glass during the
leaching process which affects elemental transport
through & repository environment, plus further reaction
of glass. The effects of layer formation are discussed
in the context of varying SA/V and for conditions of
vapor and standard leaching reactions,

P17

MECHANISTIC EFFECTS OF DEUTERATION ON THE AQUEOUS
CORROSION OF NUCLEAR WAETE GLASSES. X, Feng, L.
Pfu, I. L. Pegg and P. B. Hacedo, The Vitreous State
Laboratory, e Catholic University of America,
Washington, D. C, 20064,

Isotopically labeled water has been utilized by
several researchers to help elucidate the glass
dissolution mechanism in aguecus media., Howvever,
most of the results have been obtained with simple
silicate glasses and have utilized low surface to
volume (£/V) ratios and relatively short time
scales. In this paper ve report the results of an
extensive study of the leach behavior of the pre-
liminary West Valley nuclear waste Jjlass composi-
tion, WV20%, in deuterium oxide using multiple 8§/V
ratios at both short and long times. The WV20$%
glass wvas leached in parallel in both ordinary
deionized water and in deuterated vater at five &/V
ratios (20, 100, 200, 2000 and 10000/m) at 9%0°'C
under PCT (the SRL-modified MCC) procedure) condi-
tions with sampling at 1, 3, 7, 28, 56, 120 days,
and four times annually thereafter: the tests will
continue for several years. Initial rates were
isolated by measurements at shorter times with

polished sonolithe. A signilicant isotope effect,
as ameasured by the ratio ol leach rates, R, R,
was found at all 8§/V ratios and reached values as
large as 3608, Our data yield different values for
R, /Ry in the diffusion, matrix dissolution, and
sccuration dominated regimes with the largest

effect in the middle stage. Large values of R, /l;,
would be characteristic of primary or soeoﬁhc y
kinetic isotope effects suggestive of a bond break-
age involving hydrogen being involved in the rate
determining step,

W

NYDROLYSIS OF BIT) NUCLEAR WASTE CLaSS IN DILUTE MEDIA  MECHANISKS AND
DISSOLUTION RATES AS A FUNCTION OF P

T ADVOCAY (#) J L CROVISIER (®¢) gna © VERNAL (*)
CICEA/CEN VALRMO  SDNHA/SEMC  Marcouis 10205 BACNOLS /CL2L FRANCE
(#0008 Instituc de Geologie | rue Blessig 67000 STRASAOURG FRANCE

Leng tern modelling of nuciear varte glans corrosien flest requirtes
BEChaniENE And GLAROLUCION TALA GRLEI.NELIONE AN SXPATIMERCEL Study was
carried out using RITT nuciasr waste glass and distilied vatar on the one
hand. and buffer selutions with flues oM values from & & to 10 on *he
othet hand ALl axperiments vere condueted 4t 90°C  in dilute madia (SA/V
* 10 ®:l) end far from saturation vith respect te the glase. in ordear te
neglect the affinity ters of the folloving genaral kinetic ralation

¥ e de/dt = &' . 't {1 PUSCEL RN

vhere &' 14 the kinetic constant. & the glass surface aras. 4" the
preton activity and n the resction coefficlent A it the alfiniey
term Rothe gar constant and T the temperaturs
Our axperisental design. consiatit . in regular solutien sampiing on
Ehe same  Leaching call allows te  datermine  the k' and n values Ve
4100 demenatrate  that gless dissolution sechanisem varies with the
selution pM

codn uietilled water.  glass diaselucion (s seleccive ovar 40 hours
Then. 3 stelchismatric dinsolution oceurs when tie pH of the selutien
eveives tovard alkaline values ( > & 1 at %00

AN scidic madia. glaas dissoivtion remains seleoctive over at least 1
days . the [urther incongruency being the result of the sltecation product
tormetions From pM & 8 to 7 the disselution rate s quite BN
| Nile g ndant
An badie media.  gians disselution s stelehiametrie from the sutset
of the experimencs The glass divselution rcate varies by & factor 1Y
between pH 7 ana 10

Thess sxperiments allow to refine the kinatie pare of the
grochemical codes sueh a8 DISSOL wiad  for long term modelling of
DUCLOAT VaRte giash and vatar (nteractions

PLY

TECHNICAL BASES FOR THE OWPF TESTING PROGRAM.
M. J. Plodinec, Westinghouse Savannah River Co.,
Aiken, S8C,

The Defense Waste Processing Facility (DWPF) will
be the first production facility in the United
States for the immobilization of high-level nucle~
ar waste, Production of DWPF canistered waste
forms will begin prior to repository licensing, §oO
that decisions on facility startup will have tu be
made before repository licensing: The Department
of Energy ‘s Office of Civilian Radioactive Waste
Management (RW) has addressed this discrepancy by
defining a Waste Acceptance Process to provide
reasonable assurance that the waste glass produced
in the DWPF «+ill be acceptable for permansnt stor-
age in a federal repository. As part of this pro-
cess, detailed technical specifications have been
developed for the DWPF product.

SRS has developed detailed strategies for demon-
strating compliance with each of the specifica~
tions, An important part of compliance is the
testing which will be carried out in the DWPF. In
this paper, the bases for each of the tests to be
performed in the DWPF to establish compliance with
the specifications are described. The initial
tests, those relating to characlLerizatior of can-
ister closure welds, have been used to define an
operating window for weld closure parameters. In
addition, product control tests using actual radi-



géctive waste in small-scale equipment, and using
gimulated waste (n engineering scale equipment
give confidence that the testing program will
achieve its goals,
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THE EFFECT OF SAMPLE PRBPARATION METHODS ON GLASS
PERFORMANCE. M. 8. Oh and V., M, Oversby,
Lawrence Livermore National Laboratoury,
Livermore, CA 94550

The composition of agqueous solutions used in
waste glass testing has been shown to have a
strong influence on the leaching behavior of the
glasses In shurt term tests. Data have also
suggested that cample preparation methods,
because of the resulting variability in glass
surface area, influence the results of short term
tests; however, this phenomenon has not been
studied in a controlled manner. It is also
possible that both surface preparation methods
and chemical composition of leaching secluticns
coule affe~t the nature of the alteration layers
that develop on the glasses., If different
assamblages of metastable reaction produc.s form
on \he glass surfaces in leachants of different
chemical composition, the influence of the
solution composition might be long~-lasting.

We conducted a controlled experiment to
investigace the effects of sample preparation
method and leaching solution composition on

1. The release rate and total release of
glass constituents to the leaching solution; 2.
The morphology of the surface layer development
on the aitered glasses; and 3. The chemical and
phase composition of the alteration layers.

This report will focus on the first two topics.
Results of surface layer characterization will be
reported in a separate communication,
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THE USE OF PARTIAL~REPLENISHMENT TESTS IN MODELING THE LEACH
BEHAVIOR OF GLASSES. Aa. Barkatt, 5. A. Olszowka, W.
Sousanpour, T, Choudhury, Y. Guo, Al. Barkatt, and R. Adiga,
The Catholic University of America, wWashington, D.C.

Experiments intended to characterize the effects of the
paramecers of parctial-replenishment tests on the test results
show that the effect of the magnitude of the exchange volume
of fraction, for fractions of up to 0.25, on leachate con=
centrations bhecomes limited within a few months to _ lox,

The results also show that leachate concentrations recover
within one week after each exchange a* 901, These resuits
facilitate the use of partiai-exchange test data in
quantitative leach modeling.

P

ASSESSING THE NATURAL PERFORMANCE OF FELSIC TUFFS AT YUCCA
MOUNTAIN USING THE Rb-Sr and Sm-Nd SYSTEMS. Zall £ Paterman, Xivote
Futa. and Richard W Spengler, U 8. Geological Survey. MS 963, Box 25046 DFC
Denver, CO 80228

I Yucca Mountain. Nevada, is salected for development as a nuciear waste site.
lMWIMdtMTownBMWUtNMMPMYM
wil host the repostory  Because the geologic system s the final barmer 1o the
mmumwcmm.mmmwww
in the host rock and underying units is essential for predicting the future
pefformance of the rock mass. The distribution of depth-dependent zones of
dlagenatic afteration in the tufts. describad by Broxton and others (1987). provide
the alteration framawork for oNQOING ISOLOPIC and trace element studies of the
Topopan Spring Member and cloer vOICANIc Units at Yucea Mountain
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GOOCIVONOIOYISts Nave known fof More than two Jecaces (hat the whaoie-rock Rb.
Srummmmmmwmmmmwu This
ODeN-SYSiem Denavior i pimed Dy dagenetic hydration of volcani giass end
lofmation of SECONJAry MINerals SUCh as Zeciles and clays.  Subsequent (0ss o
redistibution of radiogenk: 'S s facikated by recrystallzaiion. new minera
ormh.wommdtmmmdummyw
INCTBASING 1BMDEAIUe 8N DrSSUNS OUNNG DYOYAde Melamorphism  Because
of fts sensitvity 10 hydiration/ dehydration and minerslogical reactions. the Ab. ¢
Syslom wil be of Danuar value 10r assessing the tming and extent of past open.
omenmwmuvaanmwaw
DUk rock scales. (n contrasi. the Sm-Nd sysiem s curently conscierss more
rObUSH Juring alteration events and will aid in pOAMary and secondary
Is0looic vanations i1 these feisic tuits. These cata wil be heiphu in predicting the
periomance of (he rock mass and in aSsesNNg (he potential 1or near-Hiek Hement
mmwwmm:wuzwoywwmmmu
the repository
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NATURAL-ANALOG STUDIES FOR PARTIAL VALIDATION OF
CONCEPTUAL MODELS OF RADIONUCLIDE
RETARDATION AT THE WIPP

R.B. Ward ana D. G. Brookins, University of New Mexico, and M. D Siegel
and 5. J. Lambert, Sandia National Laboratories; all in Albuguergue, NM

Transport by groundwater within the Culebra Dolomite. an aquifer
above the Waste [solation Pilot Plant (WIPP), is the most probable
mechanism for long-term reiease of radionuclides 10 the accessible
environment. Radionuclides could be retarded by sorption if the
groundwater is exposed to sufficient amounts of fracture-lining cloys
In this natural-analog study, distributions of U and trace metals have
been examined to constrain the strength of clay/solute interactions
within the Culebra,

Factor analysis and mass balance calculations suggest that Mg-rich
clays dissolve in Pleistocene-age groundwaters and/or are converted 1o
Na-rich smectites, and that B and Li are taken up from the water by
the clays. Rb/Sr ages, however, imply long-term stability of the clays,
with resetting cccurring >250 Ma ago. Apparently, the solution
chemistry reflects graduai equilibration of clays with groundwater, but
thus far the bulk of the clays remain structurally intact.

Uranium solidliquid distribution  ratios, caleulated from U
concentrations of groundwaters and consanguineous fracture-filling
clays, range from ~80 to 800 me/g. The distribution of U in the
Culebra can be used as a natural analog for actinide behavior only i
the inert and exchangeable components of the U content of the clays
can be quantified; these are being determined by seiective extraction
techniques combined with detailed mineralogical studies.

Sponsored by the U S. Dept. of Energy under Contract No. DE-ACOH-76.DPO0TR9
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RADIONUCLIDES IN HYDROTHERMAL SYSTEMS AS INDICATORS OF
REPOSITORY CONDITIONS. pLA \Walleabarg and S. Flexser,
Lawrence Berkeley Latoratory, | Cyclotron Rd.. Berkeley CA,
34720.

Hydro-geochemical proceses must be understood if the movemant of
radionuclides away from a breached radicactive waste canister is 1o
be modeled and predicted. Mydrothermal systems in tuffaceous and
older sedimantary rocks contain evidence of the interaction of
radionuclicdes in fluids with materails lining fractures, in sellings
that are somewhat analogous 1o the candidate repository site at
Yucca Mountain, NV.  Earlier studies encompassed the occurrences
of U and Th in a "fossil® hydrothermal system in juftaceous rock of
the San Juan Mountains voicanic field. CO. More recent and ongoing
sludies examine active hydrothermal systems at the Long Valiey
caidera, CA and the Valles cakiera, NM. The occurrences of U and Th
in fractured and untractured rhyolitic tult that was heated !0
simulate the introduction of radicactive wasie are also under



nvesligalen. In these SiuQies high-resoiviion gamma
specifometry and lission-rack (adiography are coupled wiih
sbservalions of aheration minetaiogy, stablesclope (alio
,measurements. and thermal protiles 16 deduce 1he evidence of or
propensity for movement of U and Th in response o the (hermal
egImes.

Observalions 1o date suggest that U is mobile in hydrothermal
systems, but that localzed reducin™bnvironments provided by
Fe.tigh minerais ang/or carbonaneous material concentrate U and
thus attenuale 15 Migration.

Pia

TEMPORAL CHANGES IN URANIL"A SERIES ISOTOPE
CONCENTRATIONS AS A FUNCTION OF FLOW CONDITIONS IN
THE SSSDP WELL, SALTON SEA, CALIFORNIA anﬁ_mu
Douglas E, Hammond, and Teh-Lung Ku, University of Southern
California, Los Angeles, CA.

Naturally occurring radionuclides praduced in the 280, 235 gng 332
decay senes have been measured (n 300 9C brines from several flow
tests, :Emnml three years, of the Salton Sea Scientific Drilling Project
(SSSDP) well. Actuvines (pCikg) at the tnital flow test of the well were
F22Rn (960), 226Ra (990), 228Ra (508), 224Ra (455), 223Rg (2), 210py
(1470), and #12Pb (1015). Alpha recoil, mineral dissolution, and the high
solubility of radium and lead in these chionde rich brines (130,000 ppm
Cl) all play a role in maintaining these high concentrations. In contrast,
1sotopes of U and Th are 2.3 orders of magnitude lower in concentration,
reflecting the lower solubility of phases containing these isotopes, the
rapid sorption of these elements from solution 10 solid phases, and
absence of ligands capabie of complexing appreciable amounts of these
¢lements. Models have been developed to quantitatively calculate rates of
exchange between brine and rock.

Following the first flow test (12/85), the well was deepened and sampled
dunng a shon flow test (3/86). Radium and uran.um concentrations were
inser by a factor of two during the second flow test, while other elements
were simular, During a subsequent 20 day fNow test of the well (6/88),
well:head pressure was reguiated to change total flow rates, and radium
concentrations were inversely correlated to the flow iate, The
concentrations vaned by a factor of four, roughly the vanation in total
flow rate, while well-head pressure vaned only by 25%. Ratios of shon-
lived daughters o longer-lived parents increased in the both these flow
tests. Differences in the charactenstics (surface area/volume) of fractures
that contnbute to flow under different well-nead pressures appear (o
control rad.um concentrations, while scaling influences .he 1sotope ratios.

P.s

THE REDISTRIAUTION OF URANIUM SERIES RADIONUCLIDES AT
KOONGARRA . Robert Edghill, Australisn Nuclear Science and
Technology VrRanisation, Lucas Heights Research

kaboratories, PMB i, MENAD NSW 2234, AUSTRALIA.

T 1
W

The distribueton of ‘''y, ¢ ""Yth and '"*Ra tn rocks
from the Koongarra uranium deposit has been examined. A
two.phase extraction scheme was used Lo estimate elements
in "accessible' and ‘inaccessible’ phases, using a-
fpectrometry and ICP.M3: bulk analyses of visibly distinee
sones were made using PIXE-PIGME, DNAA and XRF.

The secondary U dispersion fan of the Koongarra site is
characterisad by UM MYu TYuntMu and YRait T
activity ratios helow unity in the extractable
(accessible) phases, and above unity in the nen «
extractable (inaccessible) phases. The proposed process
for this partitioning involves an a-recoil emplacement of
daughter nucieii into inaccessible phases, The patterns of
the activity ratios suggest zones of different U
deposition and leaching rates with the most rapid
accumulation at the base of weathering, especially at the
extremities of the dispersion fan.

dnalyses show U concentrated in z2ones rich
manganese oxides, while areas showing

The elemental
in iron and/or

BLOYLRgE CONLALN MUCH lessh Uranium. MBssbauer Sspeciromercy
SURRENLS these Lron Oxides are mixtyres of goethite and
ferrihydrite. The extractable iron was ‘rom 5 to 302 of
the total iron. Uranium in bulk samples was significantly
correlated to Li, Neo. K, Ca, T4, Mn, Ni, Cu. In and RDd, at
the 11 level of significance, wusing 8 weathered rock
sampies iron and Gianiwn  were not significantiy
correlative at this level, possibly due o heterogenecus
accessidility of U to iron oxides,

e

STUDY ON KOLE OF 2341 [N URANIUM SERIES NUCLIDES
MICGRATICN, To g Japan Atosmic Fnergy Kesearch
Institute, Tokal, [barakl, Japan. Shoj| Watanabe. Witsul

Knowledge [ndustry, Tokyo, Japan: and Takash! Murakasi,
Japan Atosic Energy Research Institute. Tokal. !barakl,
lapan

The role of 439Th. a daughter nuclide of *380 naving o
hall Llfe of 24 days. (n sigration of uranium serles
nuclides has been studled by using a sathematical sodel,
in order to understand ggs mechanises giving a faster
veloofsy to <980 than to <34 In the sodel, we assused
that “*4Th was adsorbed at two different adscrption sites,
4 locsely ndsorbed site and a tightly adsorbed slte.

The calculations for up to one million years after the

discharge gave a positive relailo Ip ween aotivity
ratios of °34L 2“ U and those of %BThg‘“t when 533%

was assumed to be fixed to a roak, !ndlcating ag the
eigration velocity of *980 wag larger than tha 34
\ large rate constant of the <“STh fization 1 fgve
o large dx{ferqus In sobiilty batmaea @80 o SU4
Therefore, the 99T arent

h fixation c&n In;&oduco the
delay of the migration 5510(‘1!)‘ of <30 and dly erent
rate constants of the Th fll*llon can_control the
dlfference (n mobllity between *°81 wng <34y, The
raxculnlggns assuming the only one looseiy adsorbed site
for the sv47h adsorption gave the same migration velocity
ver =98y ang 434

P27
GEOCHEMICAL CONTROLS ON URANTUM MOBILITY IN
CRYSTALLINE-ROCK AQUIFERS. W US Geological
Survey, Golden, CO, Donald Langmuir, Colorado School of Mines,
Golden, CO; Cynthia A. Rice, US Geological Survey, Golden, CO; and
Paul Brggs, US Geological Survey, Lakewood, CO

Approxinately 140 rd-water wells in crystalline-roci: aquifers from
PA, NJ, MD, and CO were analyzed for all major canons and anions, as
well as uraraum, 10 evaluate the mobility of natural uranium i ground
waters. Field-measured pH values runged from 4.4 o 9 4; esumated Eh
values ranged from -0 11 to +0.83 volts. Modelling with PHREEQE
revealed that yraninite or coffinite may be near saturanon in reducin
waters, which lirmits U concentrations to <1 ppb (detection limit is 0.0¢
ppb). However, uranium minerals are below saturation in all oxidizing
ground waters. Urary| carbonate complexes are the cominant U species in
the oxidizing waters. Autoradioluxographs of rock samples from these
areas show thar uranium 1s concentrated along fracture boundanes and fernc
oxide grain coatings. Because uranium munerals are undersaturated,
uranium mobility probably is Limited by adsorpuon onto fermic oxides and
lesser amounts of manganese oxides. Uranium concentranons in the
ground waters (<0.05 to 1200 ppb) are comparable to the re.uits of
published expenmental studies of uranium adsorpuon onto vanous fernc
oxides in the pH range of the water samples. Consistent with the
expenmental stucies, higher dissolved uranium occurs in alkaline carbonate-
nch waters, suggesung that as expected, the formanon of uranyl-carbonate
complexes inhbits adsorption. Prel caleulations of uranyl
adsorpuon onto goethite using MINTEQAZ show that in low-carbonate
waters (<50 ppm £C(n), the ratic of adsorbed:dissoived U is greater than
10:1. In alkaline waters, ion 1s less, and higher aqueous uranium
concentations are precicted. These results are inportant to understand the
migration of uranium from radioactive waste repositones in oxidizing
nd water systems where the uranium munera's rarely attain saturagon.

n oxidized water-rock systems, the slow escape of uranium from a
breached repository may be compensated for by its continual adsorption
onto mineral surfaces n the rock.

473
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JFLOV PATH MINERALOGY: ITS EPFECT ON RAD!ONUCLIDE MIGRATION
IN THE GROSPHERR. Kanngtg v, T*f’”%ﬁ' 0. Choudari
Kamineni, and Tialle T. Van ergraal, CL, Whiteshell

Nuclear Research Establishment, Pinava, M8.

The geological formation surrounding a nuclear fuel vaste
disposal vault s an imporfant barrier to the migration of
radionuclides to the biosphere. Field geolagical inves-
tigations in the Canadian Shield have shovn that open,
vater-bearing fractures form the main paths for potential
migration of radionuclides through the geosphare. Any
interaction batveen the radionuclides in solution and the
materials in these fractures will retard radionuclide
movemant tovards the biosphere. The minerals lining these
open fractures have been sublect to varying degrees of
alteration over time, and, in general, are quite different
from the bulk mineralogy of the intact host roek.

radionuclide sorption with nineralogy
vas examined by laboratory sorpticn studies, using static
batch ‘technigques and petrography/autoradiography. The
radionuclides studied included fission products, rare earth
elements and actinides. It vas found that ctlay alteration
ninerals such as illite and kaolinite have a high socrption
stoacity for the radionuclides studied. Other fracture-
infilling minerals sueh as hematite, goethita, chlorite,
epidore, gypsum and muscovite shov preferential sorption
for certain radionuclides. Calcite removes some rare earth
and actinide elements from solution, vhile quartz shovs the
least affinity for the radionuclides studied.

The variability of

It is concluded that variations in fracture infilling
mineralogy must be considered in the assessment of the
suitability of any geological formation as a radioactive
vastes disposal site,
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ASSESSMENT OF RADIONUCLIDE MIGRATION IN NATURAL
ANALOGUES DY RADIATIONINDUCED CENTERS 1y KAOLINITES

Ehiipe ILREFONSE , Jean Merme MULLER, Blandine CLOZEL. ang Georges CALAS
gm»m UA CNRS 09 Universieés de Pans 6 ¢1 7,
France

Lahass Mind

¢ de " & I
4 Plage Jussiew, 75252 Pans cedex U

Usdepasit hosied in hydrothermally alrered tlfs in Mexigo. ogether win two
weathering sysems in ropical areas (laientes from Bragil and Cameroon) were studied as
Malural analogues of radionucide release and Migration in he geosphere (MLNWR and
LLNWR) [n these aiteration sysiems. kaolinite 15 the MAN secondury phyliovilcaie asswocated
with more or less won oxy hydroxides With pewological analysis, ac all scales from ihat of
field 1o that of mucrometer. we have distunguished distingt kaoliniies oy Ineir locai:on, parucie
MOrphaogy. sveIurl arder and subs | won Defect cenens are demonstrated in
Natural kaouniies by means ot electron paramagnenc resonance. The irmadiation ongin of ihese
paramagnetic defect ceniers (PDC) 15 evidenced by amificial imadiation (four 1ypes have been
uRed: Xorays. yrays, He® and P2 * jon beam implantation) of kaol o § dilferent
formation congiuons (hydroihermai. weaihening, synihexs) Seversl types of PDC (designated
A A and Bocenters) are clearly weniified and can be separaied wilh respect © thair relalive
sability. One (A-center) i1 siable over geoiogical penods, Moreover. if 1 ihown 1hat delest
centen in kaolinites effectvely reflact the cumulanve mdianon dose.

The potential use of macing radioaue lide migrauon inrough PDC in kaotinite has been
{stedt 00 Ine three low (emperiture Alteranen tysiems sudied. The K30lNites investigaiad show
4 sigmificant concentranon of PDC which COMmesponds (o back ground naturdi imadiation. The
different 1ypes of PDC dewecied may (orm 3 record of fuccesaIve (madianions of kaolinite
dirsetly linked o geochemical condinons prevailing dunng and after kaolinite growth Decause
of their different thermal stability, these different centers can be contutered as formed a
dilferent penods. This makes a wmigue 100l for waging the dynamics of the traasier of
radionueicies and aliows the use of KIONIte a3 3 very wnrsiive ;i dosimeter Uecause
some of the geological seuingy chosen for Auciear waites are located i environments
contining xactimites, PDC doumery couid be directly useful 10 3 safery assessment ol ihese
waties
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CIFFUSION POROSITY AND ODIFFUBIVITY OF RADIO NUCe
LIDES IN GRANITIC ROCKS., PART I: DIFFUSION INTER-
FACES AROJND PERMEABLE FRACTURES. Veiio O. Pirho-
ren, and Petteri Pitkénen. Technical
RFesearch Centre of Finland, Geotechnical Laboras
tory, Betonimienenkuja 1, SF=0218%0 Espoo, Finland

This paper addresses the problem of evaluation of
retardation of radionuclides in fractured rocks.
The diffusion interfaces around permeable fractu-
res were examined by means of porosity and chemie
cal profiling technigue.

Ecanning electron micrographs show that the exmi-
ned interfaces contain microfractures and tube~
like diffusion channels. These are nost common
within 2 =~ 4 cm from a fracture surface depending
°n a type of the fracture. Behind the interface,
the poresity and the chemical contents of rock
reach the background level, where the diffusivity
of radionuclides is in the minimunm.

It is inferred that permeable fractures govern
the dispersion of radionuclides in erystalline
rocks. Diffusion into the rock matrix i8 restric-
ted to few centimeters from the fracture surface
where the microscopic diffusion pathways are most
common, In this zone, adsorptien . i mineral sur-
faces and diffusion inte mineral interspace are
the most important retardation factors. Diftusion
deeper into the rock matrix is slow and less im-
portant compared to dispersion and diffusion in
the major fractures and diffusion interfaces.

P21

JUANTITATIVE INTERPRETATION OF HALOGEN POREWATER
CONCENTRATION PROFILES IN LAKE SEDIMENTS.

5 and Paul J. Hooker, Fluid Pro-
cesses Fesearch Group, British Geclogical Survey,
Nottingham, U.K.

A natural analogue example of halogen migration
through clay-rich sediments is particularly weil
documented in cores from Loch Lomond, $Scotlana,
where distinct distribution patterns for Cl, Br
and I have been observed. The sediments consist
of a segquence of marine and freshwater siits and
giays which cover glacial deposits. A transgres~
sion 6900 vy B.P. to 5400 y B.P. resulted in a ma~
Fihie horizon which now acts as & source for the
halogens diffusing into the older and younger
sediments,

A 1-D conceptual model and FORTRAN code has been
develcped taking into account variations the
concentration boundary conditions and the accumus=
iation of sediments, i.e. movement of the upper
boundary with time. The model has been zalibrated
using Tl concentration distributions for which
boundary conditions can be estimated readily.

L.
191}

The model nas been applied to Br and I protiles
USing reasonable assumptions for boundary and
initial conditions. Deviations betweer measured
And calculated profiles were attributed to reac-

tive processes. Release rates from the marine
norizon for Br (2ero order: 4 mg md oyl oand !
(1% order: 2.5 10°7 y*!) are deduced. Their sensi-
TAVItY with respect to system properties, assump-

tiongs over toundary and initial conditions and

reaction mechanisms is discussed.
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CAL STABILITY OF CEMENT F ORMULATIONS

we 18 i . Flal- '
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wilfl the k] m 3 minate hate hydqrate n the graction of water with a someantitious malenal wil resull N JIsS0INLON
resence f  excess W e ertain cement phases and changes in the water chemistry. These
@ tation g hreia sbtainifla at ear soe  allowe nanges in the water chemistry may funther iead (o the precipitaton of
AF bty sates to -form. whert * AF weri nnerais eitngr in the concrete or. at the Yucca Mountain site (YMS
s neRnodyn ami fa e e surrounaing tutf. These changes were examined along five
' secific water-flow paths which are representatve of many possibie fow

s for waler movement in the shats and borenoies at the YMS. in

thé geochemical speciaton/solubility/reaction path code
§ (EQJ/E) was used o mogel the interaction of cementitous

E SOLID SLULL AL NF . natenals and water and the interactions of tuft phases ana alered
ELEASE OF RADIONULLLSES . ’ % ~ate Two initial water compasitions (representatve of metleonc and
&"*‘L‘:‘f-:'*‘““‘“ b l‘»{nr : Walton, idan ] walers inree  ditferent temperatures (25° 10 76°C WO
;. boratory, P.O. Box 1623, [dano Falls, Idah r0geologi SCeNarnas ("open’ and ‘closed” systems) and four difterent
go - ament formulations were used in the simulations. Only the cemenutious
atenalJ-13 waler reactions at 25°C are discussed \n this paper
rete barners are an imp ymponent of designs tor disposal Of
adivactive waste in the subsurface. Effective design of a concrete vau'ts Resulls of the modeling suggest the following conciusions 1) solution
squires an understanding of chemical processes affectung the pertormanc ymoosiion 1§ controlied by equilibrium between the dissoving gemant
f concrete bammers. One important chemucal process 1§ carbonauon, he shases (pnmanly C-SH, C-AH and etnngite) and prociptadng
reacuon of concrete with carbon dioxide or carbonate (o [orm calcium cur econdary minerais (dominantly 2eolites, seconcary C-5H, [Qypsum
bonate (calaite). This process is significant to rdionuclide retardat -alcile and minor clay). (2) solution pH genarally stabikzed al
because the formanon of a solid carbonate phase in e con iep jes a aporoximately 12 1) concretes with excess siica dehave simularty 10
nk for 4C and many radionuclides (e.g, * Sr and %( can coprecipitate ncrele with excess portiangite, with respeci 0 the overall water
with calcite to form solid solutions nemisiry: (4) a small number of reactions are required 10 account for
ne maiority of the dissolutionvprecipitation predictea Dy EQYS, (5
\ predictive model has beer eloped 10 descnbe solud solution behavior ament reactivity 1s increased by the presence of portiandile attnngite
f canons (n caleite. Coupling of this solid solution mOae! jient 1 reactive siica which rgact with other L-9-n ang C-A-H phases
Nass transport calcuialions alliows ey aluaton ot soud soi
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nated Moroni University of Aberdeen, Cld Abardesn ARG 2UE

ynuclides through the o]

ncrete rather than new intact matenals, the Alculanons ma Scotland
represent the [ong term chemical pertorm rete bener thar
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te predict the long-term behaviour and properties of
comants . Appropriste models require &N sxtensive,
‘valideted dets base for thelir (mplementation, The
suthors' perceptions of the problems sssocisted with the
date bese and (te epplicetion ars discusesd. Hore date
are nesded on the hydration kinetice of the components of
blended cemant systems, of tha glesdy-etete conditions on
higher-temperuture (sotharms >20°C and on  specific
redwaste incorporation mechanisme av well as on the (mpect
of disscived components, both organic and .norgenic, on
cemun” parformence . Overall progress towards echieving

thess gosls (s sssenssd.
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EVALUATION OF DRY-SOLIDS-BLLEND MATERIAL
SOURCE ON A CEMENTTTIOUS WASTE FORM.

T M Gilliam, R_D. Spence, S C Osborne, and C. L. Francs,
Oak Ridge Natwoal Laboratory, Oak Ridge, TN,

This paper presents the evaluation of dry-solids-blend matarial
source and the subsequent impact on waste-form performance
critersia.  The evaluaticn includes characterization of the
individual dry matenals, as well as the synergistic effect of the
dry matenais on grout properties.
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KEY PARAMETERS OF GLASS DISSOLUTION IN INTEGRATED
SYSTEMS and Nicole Godon, CEA, CEN VALRMHO,
BP 171,30 nois-sur-Caze Cedex, France

Numerous leaching studies have been conducted during the last ten
years to identify the basic mechanisms o! giass corrosion in order to
develop long-term behavior models. Considering the multiple param-

etors affecting a geological repository, however, inlagrated expenments
simulating all the actual disposal conditions are necessary 10 check that
all the kay parameters are taken into account, to detect pcssible

synergy effects and to quality the model under realistic congitions

Integral test mockups referred to as ‘TAV'" expernmants have been
used ir France to simulate several storage scenanos at 80°C under a
pressure of 10 MPa, Simulated geological water 18 allowed to reach
equilibrium w'n the test medium in a conditioning vessel before
lpaching the glass with a pseudo flow rate corresponding 10 sampies of

m

a few cm taken at 2-month intervals. The principal findings have been
the foliowing:

« Glass alteration is similar in Frerch granite or salt, but much greater
in Clay
T™he b.ckfillmg material has a significant effect. Most ciays constitute
silica sinks and maintain wh iong-term alteration rate  However,
some highly siliceous bentoniles do Not accelerate glass alteration
In & granite medium at 0°C. the canister materiais (NS 24, Hastelioy
Or AZS ceramic) are only slightly altered and have a minor efect on
gluo corrosion.
he effects of fracturation of the glass biock depend on the environ-
mental conditions. In & granite medium where saturation conditions
are Quickly reached, the dissolved g%an quantity increases by oniy a
factor of 1 ¢ when the exchange surlace area is multipiied by 10
Radicactive experiments with doped glass specimens have shown
that a radiolysis does ot modity the bulk glass dissolution rate, but
that environmaental maierials do atect the acunige retantion factor in
the surface gel layer
Finaily, an experiment has been in progress for over 7 years in a
gvanuo medium. Afer 3 years the corrosion rale aropped 1o about
« 107 g m<d' and depends only on the fiow rate imposed by the
sampling intervais

-
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THE EFFECT OF LEACHING ON THE PORE STRUCTURE OF
CEMENT.BASED GROUTS FOR USE IN A NUCLEAR FUEL WASTE
DISPOSAL VAULT. M. _Onolrgi and MN. Cray, AECL, Whiteshell
Nuclear Research Esiwablishment, Pinawa, Manitoba, ROE |LO, Canada: D.
Breton and O. Ballivy Sherbrooks University, Sherbrooke, Quebec, JIK
2R1, Canada

Ressarch on the longevity of cementbased grout materials for sealing »
deep geological disposal vault & an unporant aspect of both the Canadian
and other nuclear fuel waste management programs. These studies nclude
assessments on the chemucal durability of ciment grouts and the effees of
leachung and phase transformauon oo the long-term hydraulic and diifusion
characterylica of grouws.

This paper presents the results of laboratory studies carried out to assess
the effects of leaching of cement phases on the pore structure of
hardened grouts Measurements of mercury intrunion, and scaaning
clectron mucroscopy with energy dispersive xv.ruy analysy, have been used
10 invesugate the changes (n pore siructure of the reference grout (90%
Type 30 cement, 10% sulica fume, water-1o-cement (w/¢) ratio between 0.4
and 0.7) as a function of leaching time and groundwater composition.

Prelinunary anaiyses show that the pore radius, the volume of pores and
the effective porosity (capilary porosity) ol the prout decreases with
leaching time. The decrease in the effective porosity was fcund to be
mure pronounved (n the reference grout with low w/¢ relio than in the
same greut with nhigh w/¢ rauo. The decrease in the porosity was
altnbuted to (he changes in the volume of solds caused by continuous
hydration, precipitation and associated reactions.

It is commonly assumed in the durablity model used to predict (he
longevity of grout that grouts degrade through pore water exchange and
associated leaching.  The observed changes in the pore siructure strongly
indicate that these assumpuons may not be appropiate.
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MASS RELATIONSHIPS AND TRANSPORT POTENTIAL OF VOLATILE
NUCLIDE SPECIES IN SUBSURFACE ENVIRONMENT. Abraham Lemman,
Depanment of Geological Sciences, Northwestern University. Evanston, IL

Among (he metal and heavier nuclides in a uranium -oxide spent fuel, the
following may fom volatle species: “Se, 'Zr, ™T¢, '8n, ', and
PS¢y These six nuclides collectively reprosent a mole fraction of about
9x 10" of the towal nuclide mass in a moadel fuel ai 1,000 years afier
disposal.  Depending on the conditions, nuclide metal-oxides, metal-
selenides and odides, or clemental states may occur either as pure solids
Of 48 nunor components ol solid solunions with \he mainx phases. For
limuing case of an deal solid solution, the mole fractions of the six indivi
dual nuchides (or of their compounds), 107 1o 107, indicale a measure of
possible reduction of the parual pressures relative (0 the pure phases

Fur a number of oxide, iodide, selemide. and clemental species of the six
radionuclides, taken as their stable chemical analogs, relauvely high vapor
pressures are indicated for pure solid-gas equilibnum sysiems: 10° 10 10*
Pa (107" 10 107" aum), a1 200°- 100°C and lower. Among the metal iodides
and selenides, higher vapor pressures are associated with the higher metal
OxXIdanon stae +4, as in the ollowing senes:

Snly > Zely > SnS¢y » Snly » Csl » SnSe.

In 3 limiung case of the enure speni-fuel inventory of | and Se taken up in
lodides and selenides of Zr, Sn and Cs, large fractions of the metal nuclide
inventones would occur in other chemical forms: for 'Cs. about 68 % left
over: for 2, 97%; and for **Sn, 732 8%. The p~T relationships for the
vanous volaule nuclide species make it possible 10 assess their upper limit
conceniaaions in a dry rock pore space at different emperatures, and 10
esumaie Lheir paniioning between he gaseous and aqueous phases at
different lovels of water saturauon.

"4

ACTINIDE SPECIATION BY PHOTOTHERMAL
SPECTROSCOPIES: INSTRUMENTATION
DEVELCPMENT. , C. Drew Tait,
David E. Morns, and William H. Wnodruff; Isotope and
Nuclear Chemistry Division, Los Alamos National
Laboratory,Los Alamos, New Mexico 87545 USA

An understanding actinide speciation in aqueous solution
1s necessary for the evaluation of the suitability of
nuclear waste storage sites and for the development of
strategies for waste site remediation. Photoacoustic
spectroscopy using pulsed laser excitation is being
developed by a number of research groups as one of the
most premising methods for studying speciation of
actinides in solution at environmentally relevant
concentrations. We will present details of a number of
hardware and software techniques which we have
implemented which we believe improve the sensitivity

limits of the method. We will illustrate the capablities of
our current system by presenting spectra of Pu(IV) at
nanomolar concentraticns, as well as discnssing other
ongoing work.
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THE APPLICATION OF POSITRON EMISSION
TO0 THE ST':J’JY OF MASS TRANSFER IN FRACTURED ROCKS.
D Gillsned, NL.Z ; M R Hawkesworth® and D
Parker« ‘AEA Decommissioning and _ Radwaste,
Harwell Laboratory, Oxon. OXil ORA. “University
of Birmingham. Edgbaston, Birmingham, UK.

TOMOCRAFPHY

water flow in hard rocks takes place dominantly
in fractures. In order to predict the transpoert
of dissclved radicelements cthrough a fractured

rock i1t 1s necessary to determine the geometry of
the fractute network and the hydraulic properties
of individual fractures.

Several laboratory tecnnigues, Such as tracer

migration tests and fracture impression methods.
have been used previously to study mass transfer
in individual fractures. This paper describes an
alternative technigue for studying mass transfer

in a single fracture. PositY .n emission
tomography (PET) cffers the swiential for
visualising quantitatively the migration of

dissolved tracers. The position in space of a
positron~emitting nuclide can be determined by
the simultaneous detection of the two collinear
positron-electron annihilation gamma rays.
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Twe* conservative tracers have been used in these
experiments: B ana  <iNa, Preliminary
experiments involved the flow of water through
simujated fractures. Three experiments have been
performed, and demonstrate <thet PET is well
suited to this application, Mathemataical
model.ing has Deen undertaken in Conjunction with

these exper.ments. -
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MIGRATION OF RADIONUCLIDES IN GEOLOGIC MEDIA:

FUNDAMENTAL RESEARCH NEEDS, 8‘ T, Reed, Argonne National
Laboratory, Argonne, IL 6043%; F. J, Wobber, Office of
Health ang Environmental Research, V.S, Department of
Energy, Washington, DC 20555; and J, M, lachara, Pacific
Northwest Laboratory, Richland, wA 99352,

Fundamental research needs relating to the understanging
of radionuc!ide migration wil! be presented, The focus
will be on long-term research needs that correspond to
existing and anticipated waste management problems within
the DOE. Aspects of this research currently being
addressed by the Surface Science Program will be
summarized,

This work is supported by the Office of Mealth and
Environmenta! Research, Subsurface Science Program, under
0Ot contract w-31-109-ENG-3B,
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THE EFFECT OF EXPERIVENTAL CONDITIONS ON THE ¥ODIFIED

LANGYUIR ISOTHERY ADSORPTION PARAMETERS. !llflullu-
y Los Alamos National Laboratary, Los Alamos, NY;

. Gopala Rao, Howard University, vashington, DC; and

Hector R, Fuentes, University of Texas at El Puso, El
Paso, TX.

The adsorption of solutes on geologic media is usually
described in term of isotherms. The isotherm parameters
are coupled to transport codes to account for the
retardation of reactive solutes under flov conditions,
Isotherms, though theoretically based, are considered
empirical ana thus their parameters depend on the
conditions for vhich they vere determined, Therefore,
the use of the isotherm as a predictive tool is
predicated on the basis that conditions in vhich the
mnodel vill be applied are similar to those in vhich their

arameters vere determined, I[n this study relationships

etveen Yodified Langmuir isotherm paraseters and
experimental parameters (conditions) vere ierived through
thermodynamic consid.rations for binary ion exchange
adsorption. Based on these relat.onships, an unique set
of isothers parameters can be defined by a minimum and
necessary set of experimental conditions. These
conditions are the solid- liquid ratio, the init:al
concentration of the target solute in the solid phase,
and the initial conceutration of the competing solute in
the liquid phase. The effect of these iritial conditions
have been qualitatively verified from literature data.
The results of this study indicate that, in principle,
unique sets of isotherm parameters can be predicted from
a known set of experimentolly determined parameters for
conditions not experimentally evaluated, Therefore, the
above derived relationships betveen isotherm parameters
and experimental parameters provide a means to reduce
significantly the effort needed to model the movement of
reactive solutes in the environment,
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NONIDEALITY EFFECTS ON ION EXCHANGE BEHAVINR OF THE ZEOLITE
MINERAL CLINOPTILOLITE. Reberzo 1. Pabalan, Center for

Nuclear Waste Regulatory Analyses., Southwest Research
Institute, San Antonio, TX 78228.0510

The presence of laterally-extensive zones of zeolitized tuff
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underlying the proposed high-level nuclear waste repository
4t Yuccs Mt., Nevada. has focused attention on the potential
role of zeolite minerals, particularly clinoptilolite. in
sorbing radionuclides and thereby retarding their migration

Published geochemical studies on zeolite minerals at Yucca Mt

indicate lateral and wvertical varlations in zeolite
compositions. lon exchange betwesn zeolites and aqueous
solutions depends on factors including agueous solution (onic
strength and compositions of both the aqueous and zeolite

phases Therefore, variations in zeolite compositions
observed at Yucca 1t as well as natural or repository-
induced changes (n groundwater chemistry, may result (n

variations in the effectiveness of the zeolite minerals as
retardation agencs.

Experiments conducted to study (on exchange bhetveen
clinoptilolite and aqueous seolutions of alkall and alkaline
earth cations can pravide a gquantitative basis for evaluating
the role of zeolites in the retardation of radionuclides in
the Yucta Mt. system Experimental data indicate that the
systems exhibit nonideal behavior, particularly for reactions
invelving mixed valence exchanges. The data can be
interpreted using excess Cibbs energy models for the aqueous
solution and zeolite phases to account for nenideality in the

system Thesa models allow reliable predictions of lon
exchange behavior at other lonic strengths and relative
concenirations, and provide - foundation for the

interpretation of lon exchange equilibria in multicomponent
systems

PO

EFFECTS OF MINERALOGY ON SORPTION OF Sr AND Cs ONTO
CALICO HILLS TUFF, R, E. Meyer, W. D, Arneld, F. I.
Case, G. D, O'Kelley, and J. F., Land, Oak Ridge
National lLaboratory, Oak Ridge, TN,

Sorption and desorption measurements were made of
strontium and cesium onto clinoptilolite and Calico
Hills tuff, The object was to see whether there
was a correlation between sorption of strontium and
cesium onto Calico Hills Tuff and the sorption of
strontium and cesium onto clinoptilolite based on
the content of clinoptilolite in the Calico Hills
Tuff., If sorption onto Calico Hills Tuff is solely
due to the presence of clinoptilolite, then the
ratios of the sorption ratios on tuff to those on
clinoptilolite at similar conditions should be the
weight fraction of the clinoptilolite on the tuff,
Since the tuff contained about 50% clinoptilolite,
the ratios wculd be expected to be about 0.5 if
sorption was due solely to clinoptilolite. The
experimental evidence showed that the ratios were
generally near 0.%5 for both cesium and strontium
sorption and that ion-exchange processes were
operative for both the clinoptilolite and the tuff.
However, the ratios differed to a small extent for
the different conditions, and there were
indications that other sorption processes were
involved.
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ESTIMATION OF THE MICPATION PARAMETERS FOR THE BOOM CLAY
FORMATION BY PERCOLATION EXPERIMENTS ON UNDISTURBED cClLaY
CORES, M,J, Put, M, Monsecour, A, Fontevne, SCK/CEN Mol
(Belgium) ; and H. Yoshida, PNC Tokyo (Japan)

The safety assossment of the repository for high level
rad{cactive waste in the Boom clay formation requires
reliable data for the migration parameters, Tha results
of the percolaticn es sriments on undisturbed clay cores
drilled from the formation are reported,

The undisturbed clay coves are drilled perpendicular and
parallel to the stratification of the formation to study
the isotropie of the formation. To represent as close as

———



possible the real situation in-situ interstitial clay pore
water is used as percolating ligquid,

.
Parameter values fo: bromine, iodine and tritiated water

are presented.

Darcy velocity and effective stress are used as variables.
Anisctropie of the formation (s demonstrated for the
hvdraulic conductivity, but trivial for the dispersion

parameters, -—

A general crelation between the appavent dispersion
constant, the diffusion accessible porosity and the Darcy
velocity is given,

The experimental set-up and the interpretation method is
briefly described,
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MIGRATICON OF RADIONUCLTOES IN FRACTURE COLUMNS.
Pirkko Hulttldl, Martt: Hakanen, University of

Helsinki, Cepartment of PRadiochemistry, Helsine
ki, Finland; angd Aimo Hautolarvyi, Tecnnical

Ressarch Centre of Finland, Nuclear Engineering
Laboratory, Helsinkl, Finlang,

Radionucliides transporteg with ground water

flowing through the fractures may >e delaysed by
intersctions with the fracture syrfaces. Migras
tion of radiopuc.ides in natural fractures was

studied under well defined ladboratory conditie
ons ysing tonaiicte drill zore cojumng naving
fracture running parallel te tns auls,
Yy AL Res ¢ BrOUAS RLEN - 88 Dunped 4 a
reTiuRe. by R oerigealst simp and = gl .
PLiey AR 8 Pulse,. Tre efflLuent 15 1o A IV
"oSly Ted 20 the fracsicn 281lectdr. for the
jeteraination of zredax LrErough songentration
the tracer,
The hyrdrodynanic raracierizaticn F. oL ne
SOLURRS was perftirmen Using tritissed ater
periochnetate angd =hlorige any 38 non=sGroing
Pracers . 3Lrontium and nepiundun wWore uned 3
study retardation f ragionuclides on ra re
surfaces.
The experimental zet-yup (3 described and Lreak
through curves of non=sording Ltracers, sirons
tium and neptunium are presented: fesults were
interpreted by meana 2f =odel calculations.
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THE INFLUENCE OF TRACE ELEMENTS IN CONSOLICATED SEDIMEN-
TARY ROCKS ON THE MIGRATION BEMAVIOUR OF RADIONUCLIDES.
" lﬂgl' GSF - Institut flUr Tieflagerung, Braunschweig,
fed, Rep. of Germany; and 8. Bode, Lahstedt, Fed. Rep. of
Germany

The migration velocity of dissolved radionuclides through
tonso)lidated sedimentary rocks depends upon the charac-
teristics of the ground water and a)so substantially upon
the retention properties of the rock, taking the differ-
ent fons into consideration, Besides the petrophysical
properties, such as permeadility, porosity, degree of
separation and specific surface, the chemical and minera-
logica) composition cf the rocks inflyences the retention
or retardation of the dissolved radionuclides in the
ground water flow. Several reports have been issyed on
the topic of the inflyence of the chemical main compo-
nents. This factor was observed when preparing the de-

scribed samples. The effects of trace amounts of 15 ele-
ments in the rock on their Ry, Ry resp, Ky values
of the dissolved radionuc)ides of the eiements C (as car-
bonates), namely, Se, Sr, Te, [, Cs, Pb, Ra, Ac, Pa, U,
ND, Pu, Am, and Cm were investigated and discussed. for
this purpose tha Fe, Mn, Sr, Ba, Pb, Cu, In, NV, Cr, v,
C¢, B, P and F contents as wel) as the organic carbon in
the roctks were compared to the sorption/desorption coef~
ficients of the above mentioned 15 radionuc)ides ang 1is«
ted in x-y diagrammes (a total of 22§).

wWhile the height of the amounts of most trace elements
nas no or only a siight influencte on the retention pro-
perties of most radionuc)ides, a distinct correlation be-
twesn the height of the amount of trace elements and the
height of the distridution coefficients was found for
some rariionuc!ides
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EFFECTS OF HEAT TREATMENT ON THE MICROSTRUC-
TURE OF A FULLY SIMULATED NUCLEAR WASTE GLASS
Tetese V. Palmiter, | Joseph, and L. David Pye, Institute of Glass
Science and Engineering, NYS College of Ceramics at Alfred Uni-
vorsity, Alfred NY

Samples of a fully simulated nuclear waste glass, both oxidized and
reduced, were heat treated [or three hours at 600, 700, 800 and
00°C, Microstructural features in unireated as well as hieat-treated
glasses were studied using \ransmission eieciron microscopy. Lle-
mental analysis by energy dispersive spectroscopy (EDS) was used
10 identify componenis of crystals observed.

Long-term heat ireatments of 45 days at [0°C above T, (430-460
‘(') were conducted. Transmussion electron microscopy reveaied
mictophase separation in these glasses. EDS was used to [urther
siudy these phases
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EFFECTS OF WMIPING TIME, TEMPERATURE, AND PRESSURE ON [CPP
EXPERIMENTAL WASTE FORM PROPERTIES, y
Westinghouse [daho Nuclear Company, [dahe Falls, 10 83403,
D. V. MILEY, £GAG [daho Company, Idaho Fails, ID 83404

At the [daho Chemical Processing Plant glass-ceramic waste
forms are being developed for the immobilization of
calcined high-level radioactive waste. 'n this action
simulated calcine and glass-forming additives are hot
isostatically pressed (MiPed) under various processing
conditions to form the glass-ceramics.

A full 23 factortal design with centerpoint experiment

was performed to investigate the effects of HiPing time,
tamperature, and pressure on the durability of the
glass-ceramic as measured by the l4-.day MCC-1 static leach
test. Effects were also determinad on phase composition as
measyred by solid state analytical techniques and on
density. The resulls of the experiment indicate that a
significant time-temperature interaction influences the
leaching properties and phase composition of the
glass-ceramics. Based on the results of this experiment it
is recommended that glass-ceramics be prepared at 1050°C
and 12000 psi for at least four hours. It is also
recommended that rasponse surface techniques be used tc¢
analyze the dependence of glass-ceramic leachability on
HIPing time and temperature.

(2B

LEACH RATE EXCURSIONS IN BOROSILICATE GLASSES: ErFECTS

OF GLASS AND LEACRANT COMPOSITION. Aaron lcikug. 8. A,
Dlszowka, W. Sousanpour, M. A. Adel-Hadadi, R. Adiga, Al.

Barkatt, G. 5. Marbury, and S. Li, The Catholic University
of America, Washington, 0.C,
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fransient increases (n leach rate have been cbserved in
the tases of certain borosilicate glasses upon exposure
t0 aqueous media. Increasss ~f i tvpe “.ve nOt been
datected in glasses with a lover aikall and higher Al
content, or in a neutral bicarbonate medium.

PS4

-
RTT? GLASS INITIAL DISSOLUTION RATE MEASUREMENTS USING A
HIGH TEMPERATURE SOXHLET DEVICE. £ Delage, JL. Dussossoy,
SOHA/SEMC, CEN-Vairhd, BP171, 30208 Bagnois-sur-Céze Cedex,
France.

The corrosion of Qlasses in agueous media was described by the
general rate equation proposed by Grambow, In its simplest form
Ihis equation may be writlen as = VeVp(1-a/H48104)/a (HeSiQy4))

The purpose of this nvesugation was o measure the nital
dissolution rate {Vp) of R7TT nuciear glass between 80 ang 250°C

and 10 deduce activation energies of reaction

Leaching soiutions were maintained far trom equilibrium by using a
dynamic leaching apparatus: the igh Temperature Soxhiet device
(HTS)

The corrosion rales were defined Dy weaiQht ioss measurements ang
Dy silicon, boron, sodium and fithium analysis in the leachate. Under
all temperature conditions. the dissolution rates wers lingar with
lime. The initial dissolution kinetics, caiculed from weigh! loss
(before and atter scraping off the surtace layer) and from silicon,
boron, sodium and lithium release. foliows an Arrhenius-lype law
Activation energies range from 55 to €2 kJ/mol according to the
element. This slight discrepancy is atiributed to @ more pronounced
relention factor of certain elements in alleration layer with
increasing lemperature. The mean activation energy of reaction
(about 87 kJ/mol) is typical of a surface-controlied reaction. This
enargy & unique on the studied lemperature range

PSS

APPLICATION OF THE GRAMBOW MODEL TO LEACH TEST DATA
ON WEST VALLEY GLASSES. X. Feng, da B, Muller,
Hsing~yie Ting, I. L. Pegg, and P. B. Macedo, The
Vitreous State Laboratory, The Catholic University
of America, Washington, D. C. 20064.

Chemical durability data determined from PCT (modi -~
fied MCC)) tests on a large nuaber of glass compo-
sitions around the present West Valley reference
glass show several interesting features. An essen-
tial basis for developing materials behavior pre-
dictions over repository-relevant time scales 1is
mechanistic modeling which must be capable of
explaining the salient features of the glass disso-~
iution process. In this paper we present results
on the extent to which the Grambow GLABSOL code is
able to represent the leach behavi 'r exhibited by
our data on West Valley glasses and, . particular,
the sharp transition in durability that we observe
with very small changes in glass composition,
Analysis of leachate compositions using the PHREEQE
geochemical code has shown that for the glasses in
the more durable region a silica phase with a log K
value approaching that of quartz is consistently
close to saturation whereas in the less durable
glass region the same phase is consistently under
saturated. Furthermore, the set of minerals close
to saturation wvas significantly different for each
of the two regions. The GLASSOL results for the
more durable glasses are in reasonable Agreement
“ith the data when éxperimentally derived values
for the input parameters are used, The forward
rate is obtained from short-time, low §/V data and
the log K, . value and residual affinity ars ob-
tained from long-ters data at high §,V (10,000/m).
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EFFECTS OF COMPOSITION VARIATIONS ON MICROSTRUCTURE
AND CHEMICAL DURABILITY OF WEST VALLEY REFERENCE
GLASSE., » X. Peng, H, Gu, !. 8.
Muller and I. L. Pegg, The Catholic University of
America, Washington, D. C,

Glasses suitable for high-level nuclear wvaste
vitrification must meet a numier of requiresents
including processability, durability, and phase
stability, Our new data indicate that the West
Valley reference 5 composition meets these require~
ments: it is phase stable cver the expected range
of melter temperatures and residence times and on y
minisal (<1 vol¥) secondary phase formation, con-
S§isting predominantly of iron=group spinels, is
expected in the canister cooled glase. Leach tests
have shown little or no effect on durability of
spinel levels in excess of 2 volwg, However, natu-
ral process variations during production will
produce a rangs of glass compositions around ths
neminal composition. In this paper we report on
the effects of composition changes around reference
S on the phase stability upon heat treatment and
the consequent effects on cheamical durability,
Since variations in the vaste-stream levels of most
Bajor components can be accommodated by adjusting
the quantities of the glass-forming additives we
focus hers on a group of components for which this
is generally not the case: Ca, Cr, Mn, Ni, Th, U,
§, P, and Fe. While many of these components are
present at below | wt% they could have potentially
significant indirect effects on product durability
due to enhancement of secondary phase formation,

PS ' ABSTRACT WITHDRAWN
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MEAS 'REMENTS OF RADON EMISSIONS FROM NUCLEAR
WASTL. G, Espin.sa, H., Hu and V. M, Castano,
instituto de Flsica UNAM. Apartadc Postal J0-324,
México, D.F, 01000, México.

Radeon gas is a product of the nuclear decay of
Plutonium, Therafore., it is important to realize
that, besides the obvious protection of the
solid nuclear waste, it is necessary to prevent
‘eaking of radicactive gases such as Radoen,

which could permeate through several materials
normsily used in nuclear waste management,

In this work we present a study of the diffusion
of Radon through concrete with different composi
tions and also various commerciallv - available
steels,

its allow us to determine the best cons
....... for having a safe handling and ma-
nagements of ruclear waste that produces Radon,

Ps.e

CHARACTERISTICS OF MICRATION OF 53sr aND 137¢S 1N ALKALINE
SOLUTION THROUGH SANDY SOIL. Toshihiko OHNUKL, Department
of Environsental Safety Research, Japan Atoalc Energy
Research Institute, Tokal, Ibaraki, Japan.

Characteristics of algration of 85sp and 137¢g in the
solution of pH 12 through coastal sandy soll have been
investigated by both column and batch tests. Desorption
behaviors of the %5sr and ‘37cs by the sandy sofl in both
coluan and batch test, were examined by sequential
extraction techniques, n order %o study difference (n the
adsorption behavior of the %9sr and H7cs under dynamic
(coluan) and static (bateh) conditions. Contributions of



the

b ffs“““"!‘l'»‘ of the sandy soll to the adsorption of
‘.

r and Cs were tested (n batch tests.

Approximately 85 percent of the 37cCs were unexchangeably
adsorbnd by the ndy sell in the column test, and the
portion of the ‘37¢s adsorbed unexchangeoably udsorbed by
the sandy soll (n the colusn test ttisgrooter than that in
the batch test. Most of the Sr  were adsorbed
exchangeably with the sandy soil under both static and
ﬂgute conditions. The desorption behaviors of ti2
Cs adsorbed by kaolinite and by sor‘g:tc resenbled to
that by the sandy soll. Most of the St were *dsorbded
exchangeably hy kaolinite, chlorite, s:{lclte and Mn0s
being siatlar to desorption behavior of ®°Sr by the sandy
soll.
Therefore, eajor con:tlis nts of the sandy soll
contributing adsorption of Cs would be kaolinite and
sericite, and those contributing adsorptivn of ®°Sr would
be kaolin.te, chlorite, sericite and manganese dloxide.

PS. 10

STUDIES OF THE EFFECTS OF CECRADATION PRODUCTS ON ™
SORPTION QF TIN AND RADIUM. m S M N Baston. ¥ A
Bond, ¢ M [lanklater and N J Pilkngton. AEA
tecamussioning and Radwvaste. Harwe.l aboratory,
Oxtordahire, OXii ORA, K

™e effects on sorption by geological media caused by the

preserce <©f materials derived fram a camentitious
repository have Leen studied. T™Tis work inciudes an
investigation of the influance ©f cellulssic Jegradation

products on the sorptian of tin and radium on London clay
and Caithness flagstores and alsc considers the sorptive
benaviour of radium as a functicn of calcium concentrazion.

in the study concerning cellulcsic degradation products,

exparimental conditione ware chosen 0 simulate those
expected close tO A CeMENTITIOUS repositlry (pH 1l and at
the edge of the zone of migration of the calcium plume (pH

Wwder baseline conditions in
with gluconate
with

8) work was carried out (i)
the apsence <of organic materials (i)
Aty 4as a well-cnaracterized simulant
authentic celiulosic degradation products

(134}
el

Thase exper.mental studies were conplamanted oy

mhermodynamic modelling work.

e
-

This investigation has shown that the sarption of can
te affected by the presence of cellulosic degradation
products whereas the sorption of radign 18 ynaffected. T™he
sorptive behavicur of radiyn 18 nowaver strongly influenced
Dy the caltium concentration.

The present work provides further eviderce of the need o

take account of such  factors  An safety  assessment
mecelling.
P11

DEVELOPMENT OF HICH TEMPERATURE UV.71S-NIR SPECTROSCOPY
FOR THE MEASUREMENT OF FREE ENERGIES OF COMPLEXATION AT
ELEVATED TEMPERATURES. . P. Crant, R, Torres,
and R. Silva, Nuclear Chemistry Division, Livermore
National Lab, Livermore, CA 94%50.

We have developed (nstrumentation capable of
maasuring optical absorption spactra over a wavelength
range of 2001200 nm and a temperature range of 20.100'C
A solution contained {n a quartz cell is controlled at
elevated temperatures and pressures in a dry-block heater
assembled in a glovebox. Speccral interrogation of the
sample is performed remotely with a Guided Wave Model 200
fiber-optic spectrometer Changes in metal.ligand
coordination induce small wavelength and intensity shifrs
in absorption spectra. and such data allov the computation
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of stability constants (free energies of complexation) via
ragression techniques.

High-temperature measurements of radionuclide stab-
ility constants are of {mportance in a specistion database
for waste disposal in an underground repository. Thermo-
dynamic studles at five temperatures between 20.100'C have
been completed using the lanthanide Pr as an actinide
analog. The ligands chosen for initial study vere scetate
and digiycolate. At 25' the Proac system exhibits two
metal complexes over a log # range of <1 5:3, the Pr-digly
system comprises three complexes with log 8, from 5-12.

The results of these experiments will be presented,
and trends in the temperature variation of thermodynasic
parameters will be discussed. Although most of the
present data are novel, some comparisons with prior
Literature values are possible Agreement in these
instances 15 quite good and serves as a validation of the
current technigue.
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APPLICRTTON OF SHONM PEAT FOR IMMORIL 120N RADLGACT IV aND
HAZARINES DYWNTAMINNTS [N THE SEHSUREACE

VoA tomgmire, (L, Meenkings . and K,
S Mo ee, U buquergue , W E G,
TAGPERT aries, Los Alames, A\

fhomenn, I niversity oy
Elier, los Alamos Natons |

Pranaom o mi Ll tA) L IngR CONTRIN ANOMALOUS LY Righ coneentrat {on
dorAaionk Jides, hesvy meLA e, non=metR iR, AN APRAR -
mecnds dmed during &nlvent BLtPRCTIOn 0l UPARTUM Dre .,
FERCHhAL e gnnnrated trom (it mill tarlings has
nntaminated grovunduRter 1o the [ nited states and CARson .
s perer desor ibes the reaiilts of an sxnerimental std.
Ol et With thermodvismi: mvie !l ing 1o sialuate the
stiactivensss oF sphadinm peal in remon i ng o) SRo | e

Wty B0t el jons of Ak, Moy Nog, Se, A L sithan sultirte
Acideleach uranim tai |l INE8, nealr Lunnison, Calorada, | .N.A,
hese contaminants are sTAhie AS AVVARIONRS Uder ac1aLe and
re (Al pvely ring conditions within the taiings pore
flond,  Favirsbine geoohem)oal noarert 18s o sphagnuem (weat
ol meike Thas carbonacesous material s table as o ey

Parrier, e e high o8t jone=eas hangs carac (hy, Ainannes of
1oty fiimy ot NAL Brvgs . el e rate iy High SHPTAreE o el ,
P Bea i b o v pmeont s, Aamnnint & o Sont aminan? PPV R e
\ N Hanve MhH revrvent . rasil b Ing 1o can s n andt
fi PR Pototn aarviers of maen) tupte, Shwty o Phiok rem g
w 4t Ivstnabie ot e chao@e Mt crmo oyt pon e o by
AT LA Fimpcb i b @rvonigme ureter st ic pht 6 ) At
Ly sl x AR AT I T Caltintm) disteohagt o
it Cba Al e pwight o reroent sohAgram (weat . b
SR e Bonad , pesutone . A todluene are S0, M, T
et miiy R R RS RN [hese caleniat yons, Al th
5 1R R IS EIR T e, suguest tha! symaoiisn 1t arul thnst
[ I BT PURLEC Rt oy are <sErnngd Adsorrsstits Tod o mowd
W AT AR T St s, kurther sord year ared
- i t e Mt A Laven@ ol o e A L ipetbee iy
) t= LR AL IO S R S, "RUNUTIE R L IR T B PO VU S
LT . f et o un v sobut o
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DIFFUSTON MEASUREMENTS OF RADIONUCLIDES IN SITE-

SPECIFIC SEDIMENT/GROUNDWATER-SYSTEMS, |

\ﬁie;-. Erwin Zimmerhackl., Gunter Zeitler, and
us ‘lenge, Staatl. Forschungsinstitut fur Geo~

chemie/Aullenstelle des Ueologischen Landesamtes,

Bamberg, FRG,

Fo. understanding and predicting movements of ra-
dionuciides released trom the planned underground
radioactive repository al Gorleben, Federal Repu-
blic of Germany, irn addition to batch and column
measurements diffusion experiments have been car-
ried out.



In the paper results of systematic measurements
on the diffusion of radionuclides (U-238, Ra-226,
M-210, Ni=63) through sandy, marlaceous and
clayley sediment rocks from strata overlying the
Sorleben salt dome are presented, The rate cf
diffusion was measured 1n a cell consisting ol
sediment disc between two chambers (illed with
groundwater one of which contained the diffusing
nuclide,

a

It 1s shown that, among other parameters, diffu-
sion coeificients could be derived in the region
of steady-state diffusion, Additionally, with the
help of a special transport model measurements
vielded distribution coefficients which agree
with sorption/desorption ratios obtained from
batch tests, Moreover, it 1s demonstrated that
the diffusion behaviour of nruclides such as M
and N1 can be enhanced enormously in sediment
rocks by complex forming agents,

PS 14

IMMOBILIZATION OF RADIOACTIVE STRONTIUM IN CON-
TAMINATED SOILS BY PHOSPHATE TREATMENT. K. H. Kim,
The University of Tennessee, Knoxvilie, and S. Y. Lee. Environmental
Sciences Division, Oak Ridge Nauonal Laboratory, Oak Ridge, TN

Radioactive strontium (®Sr) has been recognized as one of the most
abundant radionuclides in the contaminated areas on the Oak Ridge
Reservation (ORR) and at other US. Department of Energy facilities.
Strontium-90 has a relatively short half-life but has relatively high mobility
under acidic soil conditions. Most of the scils on the ORR have weak
acidic reacumvity. Such soil couditions resulted in the leakage of “Sr near
waste disposal areas. An in situ treatment of phosphate and metal
(calcium, aluminum, or tron) solutions was selected for a feasibility study
as a potential technology for ®Sr immobilization.

The results showed that more than 9% of very dilute ®Se (<10* M)
was coprecipitated with metal phosphate compounds. The opumum
concentration of phosphate and metal was 0.1 M with a 1:] meiar rauo.
and the coprecipitation was {avored at a pH between 6 and 7 in batch
expenments with and without soil. Column experiments revealed a
noticeable reduction of ™St leachability in metal- and phusphate-treated
samples. The reduction was more noticeadle when calcium was
introduced [irst than when phosphate was introduced first (v the
caicium-phosphate system. The opposite was observed {or other netal-
phosphate systems. Although the amount Jf *Se reduction did ne ¢ differ
much among the metal phosphates. aluminum and iron phospha’ ¢ would
be more siable at a lower pH. However, selection of a matal as a
coprecipitator would be dependent upon site characterv.ucs.  For
example, if contamination had extended to the organic-rich zone of the
soil, treatment with calcium phosphate would be a 'etter choce.
Nonthless, the experimental resuits suggest that in situ .ontainment of
"S¢ would prevent groundwater contaminaton and ead to eventual
decommissioning of the sites through the natural decay process of ™Sr.

P 18

INFLUENCE ON THE TRANSPORT PROPERTILES OF REDOX-57N-
SITIVE ELEMENTS (EQ. TECHNETIUM) o7 MICRO ENVIRON-
MENTS AND MICROORCGANISMS. Hanskarl Bruhl, Asaf Pekdeger &
Andesas Winkler, Freie Universitit Berlin, Berlin, West Germany

Technetium is the lightest radio element of the periodic sys ¢m (No. 41)
While pamordial Tc doesn’t exist in nature any longer, it produced in
nuclear reactors with 6.13 % of the fission products. Tc-9Y Las a half life
of 2.13 E+$ years. In aqueous solutions, Te (1Y) and (VID) are the most
important valence states, other stars< are only stable in connection with
complexing ligunds.

A very low retardation ¢ Te(VID occurs duning transportauon throweh
aquifers under oxidizing onditions. Combined with the long half life this
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15 the reason for Tc's great hazard potenual. Therefore, if there s migra-
uon from (he disposal site, Tc 15 one of the problemanc elements. Under
reducing condivons on the contrary Tc¢ (1Y) (s more or less imunobile.

In luboratory experiments Tc was immobilized under ¢ @in ¢ reumstan-
ces. withough oxic condiuons could be measured. The cunspon behaviour
of redox-sensitive elements is not only ruled by the geochemi :al “frame
conditions” which can be measured within the .nacro enviror ment. The
IICTO euvuoumenis which may develupe (Ut rauwimiple on U 1 vineral sur-
faces cfien turn out 10 be a very strong far or conwolling 'ae transport
properties (herr. immobilisation). Besides microbial activit &g showed o
strong influence on the fixation of Te. Thus immobilisatior behaviour of
Te strongly uepends on micro environments and on microbial meta-
belsm,

PS 16

THERMODYN.AMIC MOZELLING AND AQUEBOUS
CHEMISTKY IN YNE %40+ AL,0, 810, KO SYSTEM,

John . Hearne, and Clive F. Kaighu,
Mlvww 429, Herwsll Laboratory, Dideot,
Qzon, OX11 K.

The chemienl niopertion of (he CeO-AL O8I0 KO 1ystem wre
waparmn or underviasding and p the vieur of
Poruang cemants (o camentiious waaiaforme and radiosgtive waste
ropesitories. Solids of known sverage composition (& this system
have besn fynthedised by the oo«hydrolysis of mized alkoxides.
The 90108 have bean equilbraied with water ut nd
composition of the aqueous
thermod ynamie model for the system had Dsen developed by
extlanding sn sarlisr moodel
inglude eluminium compovnds, The modsl sccoun
the experimental dats and prediety tHAL (As maln Inf
uum“u:. b f.::- . lnfo:'ww
composi AW, 8. mode)

shemustry dch‘rdma. demany and the ntersction of cements with
groundwaten.

The underlying principies, tharmodynamie
phases a0d lquid speviet) 1oy prediviions
comparsd with those of cament chemiatry
workan.

parametery (of solid
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MIGRATION OF
NATER - SATURATED
Hirotaka Furuva,
and Yaohiro Inagaki
JAPALL; and Seichi
Sapp JAPAN .

STRONTIUM AND COBALT
AN

CONCRETES, Kaduya. ldemitay,
Ryuji Tsutsumi, Sigeaxki Yonezawa
Fyushu University., Fukuoka,
8ato, University

Ty

CESTUM

Hokkaide Uni
oro

@

. 8r and Co were measured in
ter-sacturated concretes. The
profile of every tracer was

Those ware steep slope near

Diffusivicies Cs
several kinds wa
measured pen<tration
composed of two parts.

of r
af

v e

the surface and gradual slope in deep part. This
profile was successfully explained by considerin

two diffusion paths in concrete. One diffusion
path was fissure which width was few microns and
another was network of submicron pores. The volume
of submicron pores was approximately 20% of total
space volume in every concrete., The orders of
magnitude of apparent diffusivicies for all
tracers were 10 ‘¢-10 ‘ més's through the fissure
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and 107410 mé/8 through the network of pores.
The difference between diffusivities through two

ths was supposed to be caused by large specific
area and small constriceiv of the network of
submicron pores.

aQ

ey
2 |



» 1]

THE EFFECT OF SILICA FUME AND WATER.TO.-CEMENT RATIO
ON THE HYDRAULIC CONDUCTIVITY OF CEMENT-BASED GROUT
AA  Al-Manaseer M. Onofrei,. M N CGray and B Shenton Alomic
Energy of Canada Limited. Whiteshell Nuciear Research Esiablishment
Pinaws, Manitoba. Canada ROE 1L0

In situ experiments at AECL's Undeggeound Research Laborawory in Canada
have demonsirated 1hat & specially deveioped cement-besed Broul consisting
of Canadian Type S0 cement. silica fume and superpiasticizer can seal very
fine fissures of less than SO wm in granitic rock  Studies are now in
progress o determine the longevity of these materials. with special emphasis
on lang-term  hyvdrauhc charsceeristics This paper descrives progress in
these studies  The hvdraulic conductivity. k. of o reference grour (90%
Type 50 cement. 10% qilica fume wi.sr-to-cement (w/c) ratio herween 0 4
and O8) are compered with those of \he same grout with no silica fume
The & has been assessed with the grouts under compressive and iensite
siresses using specially devigned radial Now permeanieters

The tests have confirmed that & of the imaet reference grout is 2 1o )
orders of magnitude higher than that typically observed for (nwer granitic
rock (1073 mis)  Also, the dala show thet the sealing properties of the
cement grout are improved by sdding silica fume and by reducing (he value
of the wic rauo. that is. by decreasing connected capiliary pore space in
the grout

The hdvraulic conductivity data coupied with field work and other faboratory
data sirongly sugges: that the reference grout can be successfully empioved
o seal finely fractured rock in the vicinity of a nuciear fuel waste disposal
vault

PS. 19

SENSITIVITY OF A CEMENTITIOUS GEOCHEMICAL MODEL TO
CHANGES IN THE GIBB'S FREE ENERGY OF THE COMPONENTS

Merg A _Gargingr ana Craig A. Givens, IT Corporation. Albuguerque,
N

Because expermental thermodynamic data for many phases used in
modeling cementitious matenals have been unavaiabie, caiculated data
have typically been used inslead. “owever, many times the quality of
Ihe cata 1s suspect, and diferng vaiues have been reponed for the
sama mineral by aiferent researchers. In this paper, the sensitivity of
a panticular cemantitious model 1o changes in the Gibb's ree energy of
18 components s assessed

The cementitious model chosen was comprised of Ihe phases
lobarmonie. etiringite, hytrogarnet, portandite and Na- and K- residual
alkalis. These phases were cnosen either because they have actually
been gocumented as present in cementitious materials or because they
May serve as reasonable proxies lor actual phases. The amount of
change in Gibb's tree energy chosen was aetermined by the range of
reported tree energy values In the (lerature, the error associated with
hose values, and by estmatng the etfect low degrees of crystalinity
would have on the phases chosen to proxy for aclual cementitious
phases (8.9.. in the case of C-5-m)

Results of the modeiing indicale that, as expected, changing the Gibd's
'ree energy of minor and/or highly solubie phases causas ittle change
in the predicted sealing pertormance of the grout, while changing the
'ree energy of the gominant C-8-H phase causes the greatest change
Furtner, changing the free energy of the dominant silicate hydrate pnase
N the model by as little as 0.5% could alter the predicted pertormance
of the material by as much as an order of magnitude. Ditferences in
'ree energy as low as 0.25% between cakculaled and expenmentally
determined values can be obdtained for silicates using the method of
Chermak & Rimstidt (1989), using the sum ol polyhedral contributions.
However, this work suggests that these errors may of may not be 100
great, gepending on (ne pertormance criteria of the grout.
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EFFFETe AR CHLORITE ALTERATION ON URANIUM REDIS  MBUTION
KOONGARRA, ''STRALIA. Takashl Murakaal. and Hiroshi

Isobe, Japan \tow.~ Energy Research [nstlitute, Tokai

[baraki a19-11, Japan, and Robert Edghlli tusteallan

Nyclear Sclence and Technology Organisation, FPMR |

Menal. \SW 22234, wistralla
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Mock samples at varlous depths (n Koongarra have heen
examined wineralogically to understand the process and
sechanisas of the alteration of chiorite, one of the
eajor minerals of the uranium ore host rock. The
alteration of chlorite occurs as a functlan of depth;
hiorite {s transformed to vermiculite, through reguiariy
interstratified chiorite/versicullte. The
transforsation (s character|zed by fe otidation, Fe loss.
and K and T! gain. The Fe released from chlorite
reprecipitates to form iron mlnerals, possibly
ferrihydrite. versiculite (s then replaced by Kaolinite
and possibly seectite), further relessing Fe.

On the sillimeter scale, the aipha-autoradiography study
fias shown that uranium concentrations are qualitatively
propotional to the extent of the alteration . e £
chlorite grains are lower (n uranium concentrat(on and
aitered chlorite gralns, highar. On the Beter scale. the
\-ray diffraction study has cevealed that ‘he abundance
of chlorite, vermiculi'e. and kaclinite corrasponds well
To the low, Intermediate. and high uranius concentration
iones, respectively This strongly Suggests that the
process, sechanises, and kinetics of the chlorite
alteration affect the uranius sigration in Koongarra

T™e ocrystal and physical chemistry of chlorite and |(ts
altered products well accounts for the uranius
redistribution,
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COMPARISON OF TUFF, GRANITE, AND BASALT AS HIGH-
LEVEL REPOSITORY HOST ROCKS: LITHOLOGIC FACTORS
INFLUENCING FLUID COMPOSITIONS. G, C. "um V. J Grassi,
A Lee D E Grandstat Geology Dept., Tempie University,
Philadeiphia, PA 19122

Although most variations in (silicate) rock compasition 4o not
strongly alter the nature of fluids resuliting from water-rock
interactions (Grandstatf et a/., 1990), hydrothermal experiments
ana examination of natural analogs have revealed that for
siliceous rocks (>70% 8i0,), there are some host rock
parameters that may atfect m’o composition of groundwaters
resuiting from rock-water reactions in a high-level nuciear waste
repository. Among these factors are crystallinity and ferrous iron
content.

In Dickson rocking autoclave experiments at 300°C the 10.,
produced by reactions with giass-rich (>90% glass) tuttaceous
rocks is 3-8 orders of magnitude more oxidizing than those with
holocrystalline granite or basaits. This ditference will certainly
attect corrosion of container materiais; atfect on soiubility and
mobility of radionuclides, such as U, Np, and Te, must aiso be
consigered. Reactions of glassy tutfaceous rocks also oroduce
higher dissoived silica concentrations and IGwer oM values Lower
pH values will also increase rates of container corrosion; the
nigher S0, values may produce different. but sossibly benefical
seconcary minerals such @s zeoites that would Sorb radionuciides
or quanz that would decrease porosity. Tuffaceous silicic rocks
generally are low in ferrous iron (<2% FeQ). Thus, thev have iy
redox tuffer capacity which might be quickly exnausted Ly
reaction with oxidized groundwaters entenng the reposiior

The combination of lower pH. more oxidized redox patential, and
lower redox buffer capacity may rendar tuffaceous rocks less than
desirabie for host rocks for @ nuciear waste repostory.
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HIGH-TEMPERATURE ANNEAUING OF NATURAL UO2 Jarusz
wasagzek and Rodnev C. Ewing, University ol New Mexico,

Alduquarque. NM 87131,

Four powdered sampics of natural UO2 (uraninite) were annealed in a
reducing atmosphere up 1o 12009C. U4t 10 (®* ratio and degree of
crystallinity varied from sample to sample. The initial unit cell
parameter values ranged from 0.5463 lo 0.5385 nm. Three samples
consisted of a mixture of UO2+x and UO2.25 as delermined by BSE



images and X.ray dilfraction analysis. Small amounts of the UO2 25
oceur in @l samples afler anneakng. Only the sample wilh the lowest
initial unit cell parameter recovered fully afier annealing (aes 05465
* nm at 12009C). The thermal recovery curve of this sample resembies
that of synihetic U409 Alse the changes in density are most dramalic in
this sampie (ap/pe 21%). The changes in the unit cell parameier wilh
lemperature for all sampies (up 10 760°C) consist of phenomena thal
can be explaned by the annealing ol pemt gefects in both sublattices
1. migration of oxygen interstitials at 300°C. 2.) order-disorder
rraniormation at 450°C; 3.) changes in the U sublattice at 600.750°C,
Begining al 600-750°C U®* reduction associated with the secend orger
transformanons gominates the change in unil cell paramerar,

Because of their geoclogical age (600.300 my.) all samples
experienced similar a-decay dose 'oliowed by self-anneanng
HMowever, oxiganon is more importa.t in crealing dalects wilhin
yraninite siructure than a-decay damage due 1o self irradiauon

P§ 23

ON THE COMPARISON OF THE EFFECT OF pH ON THE
SOLUBILITY OF AN UNIRRADIATED UQO2 IN BOTH PER
CHLORATE AND CHLORIDE TEST SOLUTIONS. INFLUENCE
OF THE SOLID MORPHOLOGY. E, Torrero, 1. Casas,
M. Aguilar, J. de Pable, J. GL%‘noz. Dep. Chem,
Engireering, UPC, Barcelona, Spain; and J. Bruno
Dep. Inorg. Chem., KTH, Sto¢kholm, Sweden,

The solubility of a powdered crystalline ura-
nium dioxide has been studied under reducing
eonditions, at 25 @C, using chloride and per=
chlorate ag test solutions.

The s0lid composition and its morphology have
been followed by X-ray Powder Diffraction (XPD)
and Scanning Electron Microscopy (SEM).

The results obtained have shown an increase of
the solubility at acidic pH values when chloride
is used instead of perchlorate as ionic medium,
whereas no significant difference i1s observed
at neuvtral to alkaline pH values.

The XPD and SEM observations point to the fact
that at acidic pH values the UO2 particles suf-
fer a degradation process that increases drasti-
cally the total surface area of the solid, which
has been measured by the BET method, correlating
in this way the solubilities obtained.

Mhe uragium concentrations determinea at ' and §
mol dm chloride concentrations are also come
pared in order to assess the infiuence of this
anion in the leaching process.
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Pirect Analysis of Tise Uependent fundamental Solution in [hree=
Disensional Transient Advection Diffusion by Boundary Element
Nethod,  Ryu)i Xawamura, (nforsation and Mathematical Science
Laboratory, (ne., 2+43+1, [kebukuro. Toshimaku. Tokyo |71

The advective diffusion analyses have been applied to sany fields of
science and engineering, such as a dispersion of chesically reacting
(first order reaction) substance, thermal conduction in fluid,
ale_.romagnetic fleld caused by a moving sagnet, electron transport
0 sesiconductors, underground aigration of radioactive waste, and
30 on. [n solving the transient advective diffusion equations by the
boundary element selhad, however, time integrations of foundasental
solution appear In the boundary integral squation, which sakes the

BEM application to advective diffusion problems difficult, Therefore.
the sethod has teen approxiedted (n the past relevant publications
The paper describes the sethod to carry out the tise integrals of
foundasental solution anaiytically, and the usefullness of the
technique (s desonstrated with several examples. The formalization
are applicabie not only to the advective giffusion dul also (o therea|
conduction with constant flow. The results are obtained from the
“xaapies compared «ith analytical selutions or with the results from
other numerical codes. Further, sigration of nuclides wilh decay chais
on constant groungwaler velocitly are treated comparison with resu.ts of
the finite elepent sethod
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THREE-DIMFNSIONAL VISUALIZATION: A MEANS OF OPTIMIZING
ANALYSIS OF TECHNICAL INFURMATION FOR A GEOLOGIC REPOSITORY
FOR MIGH-LEVEL NUCLEAR WASTE. ’
E. Richard H111%, John L. Smoot®, Dennts R. Smith®, Karen
waldo®, Kenneth G. Eggert”, and Kenneth M. Krupka®.

Computer graphics systems that provide interactive display
and manipulation of three-dimensional data are powerfu!
tools for analysis, communicaticn, and organization of
technical information required for characterization and
design of a geologic repository for nuclear waste. Greater
understanding 13 possible though visualization of the
geometric and property relationships of geologic information
for a proposed site, engineering data for the surface and
subsurface facilities, and the results of performance:
assessment modeling.

Commercially-available, graphics software was used to
interactively visualize and analyze the results of three-
dimensional, transport-mode! simulations of hypothetical
radionuclfde release from spent-fuel canisters placed in a
geologic repository located at Yucca Mountain, Nevada. The
concentration contours of the subsurface radionuc)ide plumes
are shown in three-dimensional space. The software
incorporates models for the interpolation and extrapelation
of data over the three-dimensiona) space of interest. Users
may assess the three-dimensional distribution of data and
modolin? results by interactive zooming, rotating, slicing,
and peeling operations on models of the site and proposed
repository,

(a) U.S. Dept. of Energy, Washington, OC
) Pacific Northwest Laboratory, Richland, WA
(¢) Oynamic Graphics, Inc., Bethesda, MD
) Los Alames National Laboratory, Las Alamos, NM
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MODELL ING THE CHEMICAL BEHAVIOUR OF RADIONUCLIDES [M WASTE
DISPOSAL IN GRANIYE.,§*_£gg;1g1, BRGM, Orléans, FR,

G. QUZOUNIAN, ANDRA, Fontenay-aux-Roses, FR,

Radionuc)ides 1in nature as other elements are mainly tran-
sported by water as single or complex ions. [n order to ela-
borate safety models, the limiting concentrations of raa o-
nuclides in water have been determined. The only mechanisn
taken into account is the control of arueous concentrations
of the elements by the equilibrium with minerals. Absorp-
tion and fonic exchange are considered as additional retar-
dation factors. The calculation was performed with the code
CEQSY in which equilibrium state is reached by the Gibbs
free snergy minimisation, constrained by mass balances, The
mode) w2$ applied to a granitic system, with two different
engineered barriers. Temperature 15 varied with the dist-
ance to the waste which delivers $r, U, Pu, Np, Th, Ra, Se,
The behaviour of these elements appears to be independent
of the engineered barriers materials, and strongly depen-
dent on temperature effect on mineral solubilities,
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DLFFUSION POROSITY AND DIFFUSIVITY OF
‘RADIONUCLIDES IN GRANTIC ROCXS. PART I[1:
DIFFUSIVITY AND ELECTRICAL RESISTIVITY
MEASUREMENTS IN ROCK MATRIX AROUND FRACTURES

Heikki Kumpulainen, g:;n.uunx;n.n and Kari
Uusheimo, Technical Research Centre of Finland,
Reactor laborstory, SF-02150 Espoo, Finland

Microfracturing of rock W¥trix around permeable
fractures was studied experimentaliy from driil
core samples around major fractures. The
rethods used vere diffusion measurements using
“o) tracer and electrical resistivity
measurements on samples saturated with 1M NacCl
solution, Rock samples were granite around a
partially filled carbonate fracture from the
depth of 333 » and gneiss around a slickenside
frasture,

The apparent diffusivities were approximately
of the same order of magnitude., None of the
changing parameters (.e. salt concentration uf
the solution, rock and fracture type ur
distance from the fracture surface nad anv
clearly systematic offect on the apparent
diffusivities.

The effective diffusivities and perosities, on
the contrary, depended strongly on the salt
concentration of water used to saturate the
rock samples and on the measurement technigques,

Ps.28

RADIOACTIVE TRACER STUDY FPERFORMED IN A DIPOLE

GEOMETRY IN A HIGHLY CONDUCTIVE FRACTURE 20ONE.
, Qunnar Skarnamark, Mats Skdlberg,

Dpt. of Nuclear Chemistry, Chalmers University of

Technology, §~412 96 GCothenburg, Sweden,

A radicactive tracer experiment has been perfomed
in a highly condugtive fracture zone, where a
dipole geometry was obtained by pumping up water
from an isolated part at the fac*® re zone in a
berehole and then leading the wa*' down to the
same fracture zone in another b «<hole. Tracers
were injected to this system and the breakthrough
vas registered in the pumping borehole and at two
otner boreholes at each side of the dipole,

Anions ("'t and “Br') and complexedt metal ions
("'Cr-EDTA, “'Co<~EDTA, ‘'''In-EDTA, ‘“La=DOTA, '‘‘Tb-
EDTA, '“'Yb=EDTA and '''Lu=DOTA) were injected and
their properties as non-sorbing tracers were
evaluated, PpBesides that, studies of slightly
sorbtive cations (“'Na’', ''co’’, “Rb' and *'11') were
also performad. "“TecO, and its chemical analogue
‘"Re0, were also injected in order to to study the
behaviour of Tc at low redox-potentials.

Breakthrough are obtained for Re and for all metal
complexes and anions., Some differences in the
recovery ylelds can be seen. No transport of
caticns can be observed, except for Na, although
observation has been made for a long time. In
contrary to Re any breakthrough of Tc can not he
obsarved. This indicates that the injected TcO, is
completely reduced, probably to Tcd,, and sorbed.
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CRITICAL CHLORIDE CONCENTRATIONS FOR PITTING OF AUSTENITIC AWD HIGH-NICKEL
ALlOYS S . Joseph O Farmar and ODennie L. Fieming,
Lavrence Livermora Nat,ona. Laboratery. Liversors, A

Sevaral austenitic and high=nickel alioys are being considecsd a8
CARGAGALE Meterials for ‘aprication of Nighsievel radioactive vaste
CONCAINOIS.  AUSLONITAC alloys inciude J04L and J16L stainiess steeir,
Alloy 82%, and Hastalley ¢~} The pitring potentiais of thess alloys are
LeIAG JETRrBINed At VATIOUS CRLLPIde CORCENtrAions are from
POLOALICOYNARIE ROLATIZALION teats. The eritical shioride concentration
SOANOLAeS WItH A Precipilous drep in pitting potential. Thess tasts are
DOIAG COndueted . ACCOCANcE wilh procedure recoasended by ASTH G-%

Data villi be discussed in the contest of sxisting theoretical modeis for
PLL AnAtation.

Ps.31

ST.TISTICALLY DESIGNED LEAD CCURROSION EXPERIMEN.S FOR
NUCLEAR WASTE DISPOSAL. P. Mani Mathev and P.A. Krueger,
Containment Analysis Branch, Atomic Energy of Canada
Limited, Pinava, Manitoha ROE 1LO

The Canadian Nuclear Fuel Vaste Management Program is
evaluating tvo basic supported-shell container concepts
for used-fuel immobilization. One concept uses a
compacted particulate material within the container to
support the thin corrosion-resistant shell. The other
concept, called "the metal-matrix concept", uses a cast-
insplace metal matrix for shell support. A corrosion-

resistant metal-matrix could oprovide an additional
barrier to radionuclide release from a Dbreached
container.

This paper describes studies of galvanic corrosior of
lead, a candidate matrix metal, coupled vith ASTM Grade-2

titanfum, a candidate container-shell aaterial. In these
studies the fractional factorial -catistical design of
fox-Behnken vas used te develop mathematical

relationships betveen the inder .ndent variables and the
corrosion rate of lead. The cesults cf tvo series of
tests are reported, In the first series the effect of
three variables, namely, th. ionic strength of simulated
Canadian Shield groundvater, titanium-to-lead surface
area ratic and the diameter of exposed lead, vas
investigated, In the second series the third variable of
the first test series, the diameter of exposed lead, vas
replaced by the exposure time. Mathematical expressions




vere defived for the lead corrosion rate as a function of
the .ndependent varisbles.

The results shov a decrease in lead corrosion tate vith
ingreasing exposure time. The rate increases vith
increasing lonic strength and titaniumeto-lesd surface
sres ratio. An lucrease in the diameter of exposed lead
does not appear to affect the corrogion rate.

PSR

UNCERTAINTIES IN CONTAINER FAILURE TIME
PREDICTIUNS, R. E. Willifora, Pacific Northwest Laboratory
Richland, WA,

Stochastic variations in the local chemucal environment of &
geologic waste repository Can cause corresponding varianons in
comainer corrosion rates and failure times, and thus in
radionuclide release rates. This puper addresses how well the
future variations in repository chemistries must be known in
order 10 predist container failure times that are bounded by 4
finite 'me period within the repository lifeume. Temporal
variations v local chemustries are modeled by a type of random
walk called i ~ctional Brownian motion, with a Hurst exponent
H =072 developed from 2000 vears of climatological
observations. In this restricted and idealized study, uniform and
localized corrosion processes are modeled by a generic, power-
law equation that admits variations both in corrosion rates und
mechanisms, but 1s limited to the coniinuous IMMErsion cuse,
The analysis 1§ relative because no absolute corrosion rates or
{ailure umes are computed: only the propagation of
uncertainties through the above model are treated. Preliminary
results indicate that a 4000 10 5000 year scanter in predicted
contuiner failure times may be possible if repository chemisiries
can be known 1o within 23 to £10% over the repository lifetime
These are small uncertainties ¢ompared 10 current estimates.

Pacific Northwest Laboratory is operated for the U.S
Department of Energy by Battelle Memorial Institute under
Contract DE-AC06-76RLO 1830.
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AN ADVANCED COLD PROCESS CANISTER DESIGN FOR NUCLEAR WASTE DISPOSAL
Heiaxki Raiko, Teohnical Ressarch Centye of Finland, Nuciear
ERgLneeting Laburatory: and JukRA:RSARA. AL, Teolilsuuden voima Oy

Teollisuuden Voims Oy (TVO] has recentiy delivered te the Finnish
AULNOELCLINS & neav teehnical plan for encapsulation of spent nuclear
fuel The 40<0Alled CoLd PrOCASS TEChNLIYUE will replace saciier used
KBS~) Lype ancapsuietion process

The work for OPEAMARZAT iON Of The ANCAPSVLIELION prodess has been .n
Progress since 18T The purpuse of Lhe SLudias Nas Deen Lo deve.op
4 MELNOD LCF SNCEPAULALLON LN wRACH BiEVALed LOMPeTAtuTes Are NOT
(oquited for producing & copper canister of sutficient structural
SLADALALY. MOlten Llead CASting 48 in the 2O0id Process substituted by
s0L4d qrancidte canister filling material. 8y this way the design
and operation of the conditioning pient cen be simplified thus
CRIUALEINAG 4h srCreased safety and (mproved economics.

A0 advinced cold process canister design, ACPC-design, 13 presented
A0 FLg b oand Fig.J. The strudtuce consists of & steel canister as @&
Joad DEATING eLiemant, with an outer cocrosion shield of oxygen~-free
copper. The wall thickness for the coppes sheil is &0 mm and for the
staal sheii 55 s corzespondingly The outer coppar Lid is Lo be
Sealed Uaing electron Deam weiding. The inside steel Lid i3 designed
L0 D& ieaxctignt only Quring the sealing weid process of Lhe copper
T

t™he canister wili be filled with granuiar matecial, such a2 iesau
SAGLS, LA DeAdSs OrF quartz sand. Laboratory tests have Deen
performed with lead ShotS and quatt: sand. A density of 6,76 xg/amd
24N De reached with lead shots having a diameter of 1. % mm. For
QuartE Sand, Jrain Si1es Detween G 5 « ! mwm, a density of 1. § kg am)
13 posaible

The main condiciong for the caniarec design aze the following ones:
“ Whan Ueaigning the cold Process eNCAPIVLALION RPLant, Lhe Maximum

tadiation level on the outer sucface of th Canister ~as seiected o
bw abit. 100 miv/h

< THE MAKIMUS tENPeratur® On Lhe outer surface 8 Lamited to ¢+ 00"
DeCAvs ol the chemitel Stability of the highiyCompacten benton,te
0 LNG GEPOALLLION NhOLE. ALIOVWADLIS heal Load PeT CANLBLEeT LY bt

AT |

« The mechanical design lcad for the caniater s 15 MPe external
PIOASUEN. THE MAKLMUM GEALGN PIESBLEN o8 A00UMd (0 L didtiibuted
eveniy #nd scting on all facen of the vessel

© THE MAKAMUM TORALLE SLTALN LN COPPRr MELOriAL 48 Limated te 1N
ACCOTEANG tv Lhe NUMBTLcAl andiynis performed, LI the copper ahell
NAS 4 L M 08P ALL OVET ThE INAIGe IGINL ANt the Stesl ahell any
the COPRET LiNMT 48 PTesIed against the steel shell. the Locel
DAKLMUM PLONLLE (POBLLAVE) SLEALA AN COpPer material .8 Limited to
|

THE MEChENnicel GiMIANLIONAING Of LhE COPPEI SLO0L CANLItEr .3 made
SLTRIAING 0 the FinALRh Stenasras (STS) for pressvie vesseis. It
wdd found that the ianet shell covid Lo PIOUGORO COMMBIC.ALLY out
Of Cast of Pressure vessel steeis. [f needed there 478 practical
FORBLbALALINS L0 INCrRASe the Gesign pressure of the canisier

THOrMAL SLEAANS ANY ALIGNEES LnUUCed Lh the copper Layer of the
CANLSLAY GUELNG LA CO0LiNng petiod of the caniatet ih the deposition
nole vere studied and found out to be of very Littie significance
ALSo the slfect of COTrOsion PEDAUSE eXPANALON on pressule Loeds
vare evaiuated and found not to De 4 Gimensioning factor
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EVALUATION OF THERMAL CONDUCTIVITY OF
BACKFILL MATERIAL VIA A TRIAL FUNCTION TECH-

NIQUE, Su, DM, Youg, RN and W Geoteen
nicas Research Centre, MeGill Univernity. Montreal, Canads
1t 18 known that the thermal conducuivity of a soil is a funetion
of its moisture content. With the exasience of tempersture gradi
ents in a 301 mediwm, the mowture in the medium will redistnouie
itsell 1o new equilibrium values (o conform with the applied tem-
rature ent Subsequentiy, the new moisture content distry-
ution will affect the temperature distribution (o the soil medium
This process indicates the coupling effect between the temperature
agd moisture distribution in 8 porous medium

In this study, » trial function technique is used Lo obtain An
analviieal soiution for the temperature distnbution. The ment of
this method uot only lies in 18 simplicity but also offers an anaiyy
ieal formulation in a form that permits one to clearly visualize the
significance of the phys.cal parameters e.g inermal conducivity
Since the thermal concuctivity of the sou matenal is ot aiwavs
Known in advance therefore one task of the solution techniyue 18
10 determune 1is vaiue [p using the trial function techmgue. (he
task can be fulfilled in a manner whieh used the daia periaining o
heat {ront movement

A series of tests have been performed at the Geotechnical Re-
search Centre on backfill material under imposed temperature gra-
dients. [t has heen demonsirated tha: the waier content disiribu-
LOn during the trangien: piocess does not affect the temperature
distnbution. The tnial funcuion technique has been applied 1o cal:
sulate the thermal congucuivity of the backfll matenal. Using the
caleulated values and the propoted method of solution the tem:
perature profiles nave peen ~miculated The companson beiween
Jhe theoretical predict:on of the temperaiure profies and the e
perimentally measured temperature profiles shows good agreement
except in the vicinty of the heating boundary, where a thin ther-
mal boundary laver exisiu. T he VApOrization /rocess |0 this thin
laver contributes 10 the turbuient effect which can be modeied vy
using a thermal shock condition The vaporization process has not
been taxen into acgount in the method of solution
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MODELLING STUDIES OF SORPTION OF URANIUM AND
PLUTONIUM IN THE FAR-FIELD OF A NUCLEAR WASTE
REPOSITORY, A Haworth, $.M.Sharland and Q%Radwu
Disposal R&D Division, AEA Decomurissioning and aste, AEA
Technology, Harwell Laboratory, Dideot OXON OX11 ORA.

Sorption can greatly retard the migration of dissolved radionuclides
from a radioactive waste repository to the biosphere. Many satety-
assessment models for radioactive waste disposal make use of a linear
sorption isotherm derived from experiment. However, for some
systems, the observed isotherm values con vary greatly with
measurement technique. It is therefore important to investigate such
effects in order to appreciate possible limitations of this approach in
sufety assessments,

486



in this paper, modelling studies ot sorplion af radionuclides ento
geologic materials are described. These models aim 10 simulate
various experiments which measure Rd, botn 10 aid interpretation of
«thé results and 1o validate the modei formulation and database. The
HARPHRQ code (which uses the geochemical code PHREEQY, .
first used to model batch’ sorption experiments, HARPHRQ
contains several sorption models, including surface complexation
models which take into account electrostatic and other chemical
interactions hetween the aqueous species and surface. The choice of
model depands on the Igrmu system under consideration. The
parameterised HARPHRQ modeware then used directly in
simulations of ‘through-diffusion’ experiments with the CHEQMATE
code.

This modelling approach has previously been applied 12 sorption of
uranium onto London clay. In the current paper, this model is
extended by addition of organic materials and the results are
compared with experiment. Simular studies of plutonium sorption
onto far-field materials are also presented.
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DESIGN AND TENTATIVE RESULTS OF REDOX CAPACITY
MEASUREMENTS OF GRANITIC ROCKS AND MINERALS.
Yeiils O. Pirhonen. Technical Research Centre of
Finland, Gectechnical Laberatory. P.O,
EF+-02150, Espoo, Finland,

BOX 108,

This document presents a procedure and prelimi-
nary results of redox capacity measurements with
granitic rocks and minerals. The on=line
autoclave technigue was used. Oxygen uptake was
measured as a function of Fe(lI) reduction in the
solid phase.

In a test run with pulverized granodiorite, dis-
solived oxygen was measured on line with a par-
ticular electrode designed for that purpose.
Redox reactions betwean rock (BET 1.0 m*g’') and
granite water in NTP conditiuns reached a diffu-
sion controlled reaction state within two weeks.
The maximum reaction rate was qgasured qerxng a
two days period when 3.0 x 10" mel 1 8 of

oxygen and 5.8 x 10 mol 1’ s' of Fe(ll) were
consumed. 17 % of Fe(Il) in solid phase was
oxidized before the diffusion phase. At this

stage the oxygen pressure was increased up to 100
bar. Three weeks later, minor amount (0.07 %)
of Fe(lIl) was oxidizod, According to the result,
the measured maximum redox capacity of pulverized

grancdiorite is J,001 mmol/g (BET 1.0 m*/g). A
theoretical maximum redox capasity could be one
order of nagnitude greater.

ps y?

THE WIPP BIN-SCALE CH TRU WASTE TEST PROGRAM: INITIATION
Martin A. Molecke, Sarnxiia Natiomal lave., Albugquerque, MM.

e Waste Isolation Pilot Plant (WIPP) is scheduled to be-
come the first opearating nuclear wasta repository in the
United States, The first contact-handled transuranic (&
TRU) wastes t2 be shipped to and emplaced in the WIPP will
te ncolporatai into a series of sclentific tests., A WIPP
bin=scals TRU waste test has been set uUp and recently initi-
ated, to specifically provide needed waste degradation/gas
generation data to the WIPP perrormance assessment Droxyram,
in anticipation of first actual (radicactive) waste re-
ceipt. This paper: a) provides a tecnnical descripticn of
the ongolng test program and associated equipment: b) char-
acterizes the types of TRU wastas used in these tests: <)
reviews the initial gas-generation data obtained for the
basel ine~refarence (non-waste) segent of the tast; and, d)
provides a status report on the WIPP and its related scien-

tific programs.

involves the testing of about 600

This bin-scale program
of actual OH TRU wastes contained

drum-volumes .0 litar)

WALNAN AOUT 124 SepATBte test DLNS. A et Bun LE @ spece
Licelly desigradd, evtensively instrumented, metal conta.ne
er, approxamataly 1.2 m x 1.2 m x 0.9 m in Si2e, o allow
for the periodic sampling of gases, to control the intarnal
Bin pressures, and to safely isolate the radicactive
waAstes .

Test gas samples will be obtained pericdically from each
Bin and guantitativel; analyzed for gases gereratad by
mutiple waste degradation mechanisms arnd released as a
function of time. Gases o be quantified also include
potentially hazardous volatile organic compourds releaseci
by the wastes, of enviromental safety and Ewirormental
Protection Agency (EPA) hazardous-waste concerms.

Ps 38

COUPLED THERMO-HYDRAULIC BEMAVIUR AROUND ACCESS SHAFT
SEALED WITH BACKFILL MATERIAL

J OKAMOTO®, K. HARA®, N SASAKI® K. ISHIHARA® and Y. SAWAUCTI®

* Power Reactor and Nuclear Fuel Deve lopment Corporation,
Tokai-mura, [baraki-ken, JAPAN

" KAJIMA Corporation, Akasaka, Minato-ku. Tokyo, JAPAN

Groundwater tlow from the repository to the surface through
the sesled access shaft is considered to be induced by the
neat generated from HLW. [t is important to estimate the
effect of this heat generation on groundwater flow.

This paper presents the evaluation of this groundwater flow
in the vicinity of the access shaft filled with backfill
material by using the coupled thermo-hydraulic mode).
According to the current design, backfill material within
the shaft will be compressed 5 to 15 times every 20 cm with
4 vibrating cospactor with 60 I? tamper  dur)
construction. Dry density and porosity of hackfill ntonn
were determined from the experimental results and the
construction condition. Hydraulic conductivity was
determined from the experimental results for various
mixtures of bentonite and sand. With respect to thermal
properties of backfill material for the tunnel sealing, the
properties used in Stripa Project were adopted.

Transient coupled thermo-hydraulic FEM analysis was carried
out for the axisymmetric model. The repository was assumed
to Le located at 1000 ® denth, and the access shaft was
located at the center of the repository

The rosults showed that hydraulic gradient of groundwator
flow along the sealed shaft was approximsately 1/1000 at the
tive 1000 years after clousure of the repository

PS 39

BENTONITE-GROUNDWATER INTERAGTION 1IN INERT
NITROGEN ATMOSPHERE. Anna Nystrom, Ireéne Lunden,
Dep. of Nuclear Chemistry, Chalmers University
of Technology, Goteborg, SWEDEN

A study concerning the intfluence of bentonite
(MX=8C) on the chemical composition of synthetic
granitic groundwater has been performed under
inert nitrogen atmosphere.

The study included one statically, and two
dynamically leached bentonite samples. In one of
the dynamically leached sampies an addition of
1t copper powder was made.

Water samples were drawn after 12, 18, 25, and
41 days. The samples were then analyzed with
respect to the total concentrations of K, Na,
Mg, Za, Cu, Fe, Al, and 8i using atomic
acsorption spectrometry. The concentrations of
CiT, NOy", and 50,7¢ were measured using ion
cromatography. pH and Eh measurement were
perfnrmed inside the nitrogen filled glevebox,
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wnereas slkalinity wvas measured cutside using
Lacktitration,

hs a ~omparision Calculations were made using
the geochemical codes PHREEQE and DISSOL,

Ps 40
EMARACTLRISTICS UF BOOM CLAY AS SEALINC AND BACKFILLING
MATERIAL., Ceert 1.0 VOLCKAERT, Frank T.! VARDERVOORT,
SCK/CEN, Mol leiglum -

In lie'gium the SCK/CEN A8 studving the geCiogical disposal
ot high level radieactive waste in the boom clay
lormation, In  sueh an argiiiacenus repositoey the
hackfilling ang FeULing teatures vill be multiple,

A preliminacy selection study hes shown  that highly
compacted Roow clay (s potentially o0 suitable sealing and
backfilliing material. It is a logie cholce to try to
Fe=use the excovated clay because of ity evident
geochemical compatibility and easy availabiltey,

Thereture an experimental program wvas set up to teterming
the main sealing properties of highly compacted boom clay.
The resulrs b othe measurement of velumetric swelling,

swelling=pressure and hydraulie conductivity are teported,
The deustity and initidal degree of saturation are used as
viriabies Models are proposed tfor the relation between
density und swelling=pressure and for the relation hetween
density and hvdraulic conuuctiviey,

The influence of hydro«thermal conditions on the swelling
and hyvdraulic Proper®tes are (ndicated.
The evperimentdl seb=up und the procedure are briefly
described.
Ps 4
A REVIEV FROCESS AND A UATABASE FOR WASTE PACKACE DOCUMENTS

CHARLES ©  INTERRANTES CARLA A MESSINA®e AND ANNA C FRAXER®ee

*Nuclear Ragulatory Commission. Washingeen. D¢ 203948

**Conauicant. YN00 Marquatte Drive, Bathesda. Mp 2081)

SetNatlonal Institute of Standards and Technalogy

™a work reported harce
Reguiatary Commission an
cantainment for long tere Atorage of nigh level nuclear vaste (HLN)

\sparcant slement of that Prograa s the reviev and evaluations
avaliable (lrevature on componants of a waste Package
And A database have baen developed and tallered to provide
Quitkly to an individuai who has
camponent of & waste Package

Galtharsburg. MD 20899

‘e opart of a program conducted by the Nue laar

the efficacy of proposad plans for radionucilide
An

A reviev nprocess
information
4 AUesLion about & parcicular material or
The databese (s uniquely AUlted o serve as

4 juide to indicate special Areas vhere data and information nesds exiat on

Tadlonue | ide containment
and this source

Auastions related to
are made as information bRcomes available
the published Literature
database (s glven

Ps 42
mummmmmwum
mammwm.
E..Racalance, U. Bertocci, Netiooal Insticute of
#tandards and Teahnology, Gaithersdbury, MD; and 7.
ke, Mippon Steel Corp. Japan

This study is directed at iLvestigating the rate
of corrosion ana ite epatial distridution, thae
devalop under oconditions where transport of oxyvea
Aod conductivity of the sovironment are controlled
over & wide range, iaciuding low conduotiviey as
Qpected in the rucea Nountain aovironment, The

Additions to the databate
'8 A8 curren: as
A description of the review Process and the
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results indicate that the Corrosion rate of steel
10 directly related o the rece of oxygen
LIROIPOrt over several orders of magnitude, and
increasing conductivity by one order of magnitude
increeses corrosion rete by & facter of two or
thxes. Of greater significance is the result that
indicates that as conductivity of the anvironment
4nd corrosion rate Gecrenses, the
degres of localised attack inoreases,

P6.| ABSTRACT NOT AVAILABLE
P82

PHASE RELATIONS OF THE URANYL OXIDE
FAUNE'i THEIR SIONTFICANCE TO THE

HYDRATES
DISPOSAL OF SPENT

and R. C. Ewing, University of New Mexico, Albugue ue,
A L o

The geoc corrosion of spent fuel
requires & knowledge of the alteranon products. Becquerelite has been
identified as an product of spent fuel (Bates. er al, 1990),
Uraninite (V0,,,) is a natural analogue for the iong term behavior of
spent fuel in an agueous environment. The corrosion of uraninite
Rrodueu 8 complex assemblage of altamgon products, including the

drous uranyl oxides known as the becquerelite group of minerals
e bocqumun BToup has a laver-type structure with water and
exchangeabie cations Occupying interiayer sites.

Sobry (1971) proposed & substitutional scheme for the alteration
of the becquerelite munerals twough the coupled substitunon of
interlayer water and aqueous ions, Dehydration of these phases is also
“M lmponant alteration process.

Our analysis of Sobry's scheme using a wemary diagram (UO,-
H,0-MO, M = Ca, Pb, Ba, Nay, K;, etc.) explains some of the
complexity observed in naiural systems. The becquerelite group
munerals generally coexist with curite, PbyUO,9nH,0, a precursor 1o
uranyl phosphaies) sugesnn; cune may play a critcal role in the
alteranon sequence. Clarkeite, (Nay.Ca)U,0,, may de imporant at
elevated wemperatures and high ionic soengths, The sequence of
formaton of urany! phases dunng the corrosion of spent fuel probably
depends more strongly on kineties than on thermodynamics.

P6.)

DISSOLUTION BEHAVIOUR OF USED CANDU FUEL UNDER REDUCING
CONDITIONS. J.C. Taft, §. Stroes-Gascoyne, V.M, Hocking,
AM. Duelos, R.J. Porth and D.L. Vilkin, AECL. Vhitesnell
Nuclear Research Establishment, Pimava, Manitoba, Canada.

The dissolution behaviour of used CANDU fuel in aqueous
solutions has been examined under mildly reducing condi-
tions at 100°C for periods of abeut one year. The objec-
tives vere to Study a ‘breached container’ gscenario by
investigating the effects of various container components
and groundvaters on the dissolution of used CANDU fuel.
The components Studied vere titanium (container material),
carbon steel (fuel bundle support basket) and alumino-
silicate glass beads (container infill material). Leaching
solutions included deionized wvater (DIV) and synthetic
saline groundvaters, some of vhich had been pre-equilibra-
ted vith Na-bentonite (butfer material).

The presence or absence of glass beads or carbon steel did
not appear to significantly affect solutien concentrations
of ilicg, gr, Nipe. 1y o Pu/Am. Radionuclide concen.
tratiocns vere one (o tvo orders of magnitude higher in
saline groundvaters than in OI¥. Releases from clad fuels
vere higher than those from fuel fragments. It appears



that once mildly reducing conditions are established in the
teacdhant, further radionuclide relesse from the fuel s
(rhibited and radionuclide concentrations in solution
become virtually constant, Measurements of the oxidation
" state of soma of the leached fuel segments, using X-ray
photoelectron spectroscopy, shov a sutrface composition of
less than UO, ,,, beiov the postulated threshold for o«i-
gative dissolution., Scanning electron microscopy examina-
tion of some fuels has indicatgy accelerated grain-boundary
attack in saline groundvaters, in agreement vith the en
hanced dissolution rates and higher solution concentrations
for most radionucliides,

P64

RESULTS FROM LONG-TERM DISSOLUTION TESTS USING OXIDIZED
SPENT FUEL. Charles N. Wilson, Pacific Northwest Labora:
tory, P. 0. Box 999, Richland, WA 99352,

Two semi-static dissolutior tests using oxidized PWR spent
fuel specimens are being conducted under ambient hot cell
conditions in Nevada Test Site J-13 well water and unsealed
fused silica vessels. The test specimens wer2 oxidized at
250°C n air to bulk oxygen-to-metal (O/M) values of 2.21
and 2.33. Following an initial 191 day test cycle, the
specimens were restarted in fresh J-13 water for a second
long-term test cycle. Results through the first 40 months
of Cycle 2 are compared with results from similar tests at
25°% and B5°C using unoxidized spent fuel specimens.

Uranium concentrations in the oxidized fuel tests reached
steady-state values of 10-12 wg/mL versus 1-2 uwg/mL with
unoxidized fuel tested at 25°C. Migher concentrations were
alss observed for Am, Cm and Np in O.4-um filtered sampies
from the oxidized fuel tests compared to the unoxidized fue!
tested at 25°C, while Pu concentrations were not affected by
the fuel oxidation state. Initial %Tc releases increased
to approximately 0.9% of specimen inventory as a result of
oxidation, Smaller increases in initial "Sr and '¥]
release were observed as a result of oxidation and initia)
WiCs release was not significantly affected by fuel
oxidation, The longer term continuous release rates of
®T¢, and apparently "1, were also increased as a result
of fue! oxidation, The effects of fuel oxidation on
apparent (s and ®Sr release rates in later samples were
small and less than the effects of temperature.

This work was supported by Lawrence Livermore National
Laboratory as part of the Yucca Mountain Project (YMP) Waste
Package Task. The YMP is part of the U.S. Department of
Energy Civilian Radioactive Waste Management Program,

P8 S

RADIATION INDUCED DISSOLUTION OF UO,. Hilbert
Christensen, Studsvik Nuclear, 611 82 Nykdping,
Sweden.

Radiolysis of water produces radicals and mol-
ecules, amongst them the oxidizing species H,0,
and OH-rad. *als and, in aerated solutions, also
O, . These species are probably responsible for
the oxidation and dissolution of UQO, observed
in a number of experiments. In order to be able
to model the effect of water radiolysis on the
dissolution of fuel in the disposal vault it is
essential to study the oxiaation mechanism. In
the present investigation the effect of the
oxidizing species has been studied separately
using suitable scavengers.

A polished specimen of UDO, was immersed in
water and irradiated at amblent temperature
with Co-60 gamma radiation, After irradiation
the uranium which had dissolved or precipitated
elsewhere than the solid surface, was measured,
and the oxidation of the surface was determined,
using ESCA and SIMS.

In 50 mM H,0, (no irradiation) the corrosion
rate was <4 ug cm ‘d ' after 6 4 exposure at
pli B. Corresponding rates for oxidation by O,
and OH radicals were about ) .g-om ‘4 (Dose
rate about 700 Gy/h.)

)

UO, MATRIX DISSOLUTION RATES AND GRAIN BOUNDARY INVENTORIES
OF"Cs, Sr, AND Tc IN SPENT LWR FUEL. I_._g,._gu‘ ard 0. M.
Strachan. Pr;;;gzmruwn Laboratory, P. 0. Box 999
Aat i, WA 4

Experimental methods have baen developed for measuring the
grain-boundary inventories of radionuc)ides and for deter-
mining whether the U0, matrix of spent )ight-water reactor
(LWR) fuel dissolves éonqruontly‘ Measuring the grain-
boundary inventories first involves low-temperature (150°C
to 200°C) atr oxidation, which occurs preferentially along
the grain boundaries, making the fuel fragments friable and
eastly separated into individual gratns. With the grain
boundaries thus exposed, the associated inventories of
ragionuc)ides can be completely dissolved and measured.
Tests to date show that grain-boundary inventories of Cs and
Tc are approximately equal to gap inventories, as expected.
Other radionuclides and other fuels are being tested.

To determine whether the UO, matrix of spent fuel dissolves
congruently, the fuel is puivortzoﬂ without preoxidation,
This produces individual grains and subgrains (somewhat more
transgranular fracture occurs than with partially oxidized
fuel) that are subsequently tested in a flow-through column.
Water is pumped through the column at a rate (0.1 to

1.0 mL/min) where the concentration of U in the column
effluent remains far below saturation. This allows the
forward reaction rate of the U0, matrix to be measured and,
by measuring the concentrations of other radionuc!ides in
the column effluent, the degree of congruency of the dis-
solution process can be determined. Data obtained to date
show that the fractional dissolution rate of Cs exceeds that
of U by no more than about 20%, in contrast to tests with
multigrain fuel fragments, which suggest Cs dissolution
rates two or more times greater than U dissolution rates
even after testing periods lasting several years.

P67

SIMFUEL DISSOLUTION STUDIES IN GRANITIC
GROUNDWATER UNDER OXIC CONDITIONS, AT 25 oC
Jordi Bruno and Amaia Sandino. Dept. of lnorganic Chemistry
Royal Institute of Technology. S—100 44. Stockholm.

As a result of a collaboration between the swedish and the finnish

nuclear waste management sprouguna we are at the present

studying the dissoiution of SIMFUEL in a wide array of
roundwater compositions and temperatures.

n this presentation we will discuss the results obtained on the
dissolution of SIMFUEL in non-saline groundwaters, under oxic
conditions and at 25 °C
The SIMFUEL pellets have been prepared by Chalk River
Nuclear Laboratories to simulate the chemical composition of
U0 spent fuel at two different burnups, 30 and 50 MVd/Kg
respectively. Two non-saline granitic groundwaters have been
used in these experiments, the so—called Allard groundwater and
a more complete groundwater which reflects more realistically the
composition of groundwater in equilibrium with granitic bedrock.
The experiments have been performed in three different ways:
batch replenishment under slightiy oxic conditions, batch without
replenishment under constant pOs, and continuous flow=through
under constant pO;

The regults show a completely different release mechanism
if the supply of oxidants is limited (batch replenishment closed
oxic system) or if there is a continuous supply of oxidants (batch
non=replenishment open system). The implications of these
different mechanisms on the dissolution of the minor components
of SIMFUEL will he discuased in the light of this and surface
spectroscopic data of the reacted phases.
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+ ' A DESCRIPTION OF THE KINETICS AND MECHANISMS
WHICH CONTROL THE RELEASE OF HLW ELEMENTS FROM
SYNROC. K.L. Smuth, K.P. Hant, G R Lumpkin, P. MeGlinn,
JBarden, P Lam and M G Blackford, Australian Nuclear Science
and Technology Organisanon, Lucas Heights Research Laboratones,
Sydney, Australia.

Dissolution tests were conductedeen & well charactensed Synroc C
specimen (a hase titandie ceramic wasteform) containing
10wt % simu waste. The effect of temperature and leachant
[ 1uon on the mechanisms and kinetics of the dissoluton of
HLW elements from Synroc were investigated b leaching Synroc
samples in doubly deionised water at 70 and 150°C; and in silicate
and carbonate solutons at 70°C. Opacal mewalography, SEM, TEM,
XPS and X-ray ciffraction were used before and after the dissolution
experiments, (0 charactense the pnmary and secondary phases in and
on the Synroc samples and 10 descnbe the morphological and
chermucal changes which occurred. Chemical changes in the leachants
were analysed using ICP/Mass Spectrometry.,

These studies allow some interpretation of Synroc leaching
behaviour. The titaniferous surface layers which form on the pnmary
perovskite and hollandite phases dunng dissolution tests are of
parucular interest, as these l‘ppur 10 alter local pH (Le. form micro-
environments). Analysis of the leaching data has esiablished that
these surface layers can reduce the release of HLW elements from
Synroc and that vanauons in temperature and ieachant composition
can hinder the formation of these secondary phases.

Thermadynamic calculanons have been used 1o predict the speciation
of elements in solution and the stability of the soiid secondary
phases, at the iemperatures and in the leachants used in this study

P71 ABSTRACT NOT AVAILABLE
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HEAT-PIPE EFFECT ON THE TRANSPORT OF GASEOUS RADIONUCLIDES

RELEASED FROM A NUCLEAR WASTE CONTAINER. W. Zhouy, P L. Chambré,
T H Piglord, & W WL Lee. Department of Nuciear Engineenng, Uruversity of
Californua and Lawrence Berkeley Laboratory, University of California. Berkeley,

CA 94720

We present analytical studies of the transport of gaseous species released from 3
spent-fuei waste package, as affected by a heat-pipe of counterflowing liquid and
vaponzed ground water in the surrounding rock. A heat-pipe is caused by nuclear
waste heanng which vaponzes pore water near the waste. releasing vapor into the
fractures. Driven by its pressure gradient, the vapor flows away from the waste
and condenses where the rock is cooler. Because of capiliary pressure gradient
due © non-uniform liquid saturauon, the condensate flows towards the waste
surface through the porous rock. We first develop analytical solutions for the
ume-dependent transport of energy and fuid from the waste container surface 1o
the surtounding fractured porous rmock. From the mass Nuxes of liquid and vapor,
we soive the advective-diffusive transpont of a gaseous species released from
the waste. The major assumpuons are quasi-steady-state. loca! thermodynamic
#quilibrum, no noncondensable gases, and no sorption. Qur results include the
extent of the heat-pipe zone as function of tume, the vapor velocity distnbution
in the heat-pipe z0ne, radionuclide concentration in water vapor, and e flux of
radionuclide at the waste surface normalized 1o the surface concentration We find
that the vapor veiccity in the heat-pipe zone is 1000-fid greater than the local
air velocity if there were no heat pipe. [f the gaseous sp. t1es release mechanism
Mantaing a near-constant concentrauon of gaseous species n the gas outside and
near (the waste container surface, the mass rate of tanspon ¢ that species would
be ncreased |3 o 7 umes greater than if there were no hes pipe. However,
If the release rute of the gaseous species 15 affected linle by .+ concentration
of that species outtide the contawer, the heat-pipe can have litde aifect on the

iranspon rate of that species

|

Release and Transport of Gaseous €14 trom & Nuclear Waste Repos
tory in an Unsatursted Medium W B Light E. D Zwahlen. T M Pigfot:
P L Chambrd & W W.L Lee, Department of Nuclear Engineenng. Unive
sity of California and Lawrence Berkeley Laboratory, University of Califom:.
Berkeley, CA 94720

W study the release of 'C released as “CO, from parly failed nuclear was!
containers by analyzing the flow of gas out of and inw the contauner in a nucles
Wasle reposilory in an unsaturated rock. We analyze the transpon of release
CO; with gas-phase acvection and dispersion. We calculate cumulative releas
of "C from the enure reposiory and inhalauon dose to @ maximally expose
individual.

Waste contaviers will be filled with inen gas before they are sealed. Due ¢
decay heat. emperature of the container increases. The ncreased tempenatur
causes e gas pressure inside the conwiner 1o increase, and Inen gas could lea
24t LOugh a penetralion. cammying with it gaseous radioactive matenal such 4
CO;. Because the waste cools, due 10 the decay of the heat source. and becaus
of the 'os3 of inert gas through the penetration, the pressure drops. The pressus
inside the contauner will eventually fall below amosphenc pressure and air wii
‘eak in. Cas flow 15 analysed by steady viscous flow of an ideal gas through

ngle eguivalent hole, We alro analvse ae fowing into the contauner and
sunulaneous release of radicactive $ases is by countercurrent diffusion.

Lsing ume dependent reiease rates, we calculate advecuve-diffusive tansport o
e released 'C in air fowing tuough surrounding rock. Transpon of '1CO, |
relarded by abserption of CO; in vadose water. We caleulate HCO, concentra
HORS In Lhe gas phase as it moves towards the gmund surface, '*CO, release rate
and sbove-ground CO; concentrations when diluted by atmosphenc dispersion
The dose 10 a taximally exposed individual is very low, approximately 1% o
Packground. for the peak release at a gas Daryy velocity of 0.04 m/g

P4

WASTE STORAGE N THE VADOSE ZONE AFYECTED BY WATER VAPOR
CONDENSATION AND LEACHING. J. W, Cary, G. W, Gee, G. A.
dhyatt, Pacific Northwest Laboratory, Richland, WA,

One of the major concerns associated w th waste storage in
the vadose zone s that toxic materials may somehow bt
leached and transported Dy advecting water down to the
water table and reach the accessible enviionment through
either a well or discharge to ¢ river, Contequently care
IS taken to provide barriers over and around the storage
sites to reguce contact between aovecting water ang the
buried waste form. [n some cases it 1S importai't to
consider the intrusion of water vapor as wel) a3 vater n
the 1iquid phase. wWater vapor diffuses through poious
naterial along vapor pressure gradients. A s ight!y lower
temperature, or the presence of water soluble components
'n the waste favors water condensation resulting in
‘eaching of tne waste form and advection of water solidle
components o the water table. A simple analysis 1§
presented which allows one to estimate the rate of varor
conuensation 4s a function of waste composition and back
fill matertal. An example using a cementioys waste /orm
surrounded by concrete and gravel layers 1s presentad,
The use of thermal gradients to offset connersation
effects of water soludble components in the waste form 13
giscussed. Thermal gradients may be contral'ed Dy design
factors that alter the atmespheric enerqy exchange across
350‘50\1 surface, or that interrupt the gecthermal heat
ield,

Contyidution frum the Pacific Northwest Laboratory,
cperated for DOE by Rattelle Memoria) Institute, Richland,
na 98382, This research was tunded by the 11,5,
Department of fnergy under Contract DE-ACO6+76RLO 1830.

P7.s

AQUEQUS DIFFUSION IN UNSATURATED MATERIALS.
wames l. _Conga, WSU Tri-Cities; and Judith Wrnight,

Facitic Northwest Laboratories, Richland, WA 99352

Agueous diffusion coefficients (D) were experimentally
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getermined in @ variety o unsaturated gravel, soil and
+whole rock that are potential backfill and host rock
materials. The electrical conductivity was measured
on the samples after hydraulic steac -state was
achieved, and the diffusion coefficient calculated usng
the Nernst-Einstein equation. D in several soils from
the Hanford Site ranged from 2.8 x 10'0 mé/sec (2.5 x
10°6 cm/sec) at a volumetM® water con‘ant of 30 7%,
10 24 x 1012 mi/gsec (24 x 10'® cmi/sec) at a
volumetric water content of 55%. [ in four types of
angular gravel ranged from 2.7 x 10''' mé/sec (27 x
10°7 emé/sec) for @ 6.3-9.5mm angular tuft grave! at a
volumetric water content of 76%, to 1.6 x 1013
ma/gec (1.6 x 109 ¢me/sec) in a 6.3-9.8mm angular
granitic gravel at a volymetric water coment of 0.50%
D in two sampies of Calico Hills tut! were 1 51 « 10°'0
m2/sec (1 51 x 10°¢ cmé/sec) and 1.66 x 10! mi/sec
(166 x 10-7 e¢m2/sec) at volumetric water contents of
30.8% ang 29.3%.respectively. Variations in D result
primarily from differences in water content which
gepend mainly on particle size/aperture distribution,
angd only secondarily on material type uniess ( a
surfaces are hydrophobic
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PRELIMINARY MODEL OF REPOSITORY CHEMISTRY FOR THE WASTE

ISOLATION PILOT PLANT ot Sxush, Sandla National
Laboratories, Albuquerque, NM, [O. Crbic-Caliec, Stanford
University Stanford, CA; D. T. Reed, Argonne MNational
Laboratory, Argonne. IL. X. Tong, Stanford University: R

H. Vreeland, West Chester University, West Chester, PA, and
R E. Westerman, Pacific Northwest Laboratorv, Richland,
WA

The design-basis, detense-related, transuranic (TRU) waste
to be emplaced in the Waste Isolation Pilot Plant (WIPP)
could produce as much as 1,500 moles ~f gas per drum of
wAste Cas production co.ld pressurize the repesitory to
150 atm (lithostatic pi.ssure), and perhaps higher
Anoxic corrosion of metals and microbial degradaticn of
cellulosics acre the processes of pgreatest concern, but
radiolysis could also be (mportant Several proposed
backtill additives may remove or prevent the production of
some of the expected gases We describe these processes,
laboratory and modeling studies to quantify them, and
preliminary results of these studies

Because of tha heterogenecus nature of design-basis waste
the Eh and pH of any brine present in WIPP disposal rooms
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could vary significantly
teacting with the waste

Gver short distances asfter

The WIPP Project s investigating gas ptudiction and Y
consequences, and is considering angineered alterrati.es
including reprocessing the waste, to reduce gar production
rates and/or potentials Reprocessing would alse reduce
the range of Eh and pH expected for the tepository

g

ON THE PROBLEM OF CONSISTENCY OF CHEMICAL THERMODYNAMIC
DATA BASES Many WANNER OECD Nuciear Energy Agency, Oate Bank 91191
Gifaurs Yvetie France

There hay been connderable concern i recent years about the fact that thermody:
namic date bases used to calculate the behaviour of radwnucides v the geosphere
have been lound 1o ‘ach conmiency  in some caser. effarty have been taken 1o
improve 10 level of consistancy by appiying bamc thermodynamic laws (0 recaiculate
squiiboum constants. enihalpies o entropies |1 sppasrs obviows that thermody-
camic date bases must conform 1o the laws of chemical thermadynamics however
this 18 no guarantee for & high quaiity of the data presented nethar for the com.
patibrlity of the date with expenmental evidence The intention of thy paper n to
prasent the differant lavely of ¢ y that should be €5 when producing
& ugh quakty thermodynamic deta bease

1 Conmtency with the fundamental laws of thermodynamics

7 Conwstency with auniiary deta The procedure that ieads 10 the evaivation of
chemical thermodynamic data 1om experimental messuramenty often requires
the vse of suniiary date  Among hess are the protonstion conslarts of
igarde redax potentisls o formation constants of sdditionsl species that
may be picrent in Lhe solutions investigated

M

1 Conmmtenc; witain & | model th oon slex
tystems can often be interpreted with different chemical models Unless thare
o compailing evidence in favour of one of the models. it does not really matter
whieh model w chosen Howevar the use of one model excludes the vse of
the other

4 Conwntency in the data correction procedures A generally applicable date
Dave contamy values Ihat refer 10 slandard conditions and 10 & relerence tam-
preature Auxiary deta used for the exiiapolation of experimental date to
stendard and ceference conditions. musl be apphed together with the thermos
dynamic pacametars of @ standard state dots base Otherwme ‘he apphration
of sven high auaiity data bases may lead to incarrect resuits

Theoretical aneussions and exampies (o each point mentioned sbove will be pro-
vided in the full payer

[l
QUANTIFYING THE EFFECTS OF UNCERTAINTY IN
THERMODYNAMIC MODELLING. J.M. Bealdy, A.Dawes and
D.Read, WS Atkins Engineering Sciences, Epsom, UK

The use of predictive computer-based models to
supplement field and laboratory experimentation 1s
we!l estadlished in post-closure risk assessment

methodology. Such models
of complex disposal systems and can provide useful
data In  situations where direct measurement 1.
impractical. However the assignment of confidence to
the results of modelling is a difficult task, owing
to the wuncertainties inherent throughout the
modelling procedure In the derivation of results
from chemical equilibrium simulazions for example, a

greatly aid interpretation

series of discrete steps can be traced, each with its
OwWn associated degree of uncertainty, This ser‘es
includes: source experimental data for fundamental
thermodynamic  constants, bias introduced during
database compilation, selective use of auxillary
information during modelling or gata transformation,
the modelling process itself and "geochemical

Judgement”® exercised on the results.

This paper describes attempts made to identify,
isolate and, where possible, quantify the effects of
the above uncertainties on the results of



speciation/solubility calculations. The approach 1s
demonstrated through a case study of direct relevance
to risk assessment of deep dizposal sites in the
United Kingdom,
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A NOVEL CONCEPTUAL MODEL FOR THE FLOW AND TRANS.
PORT IN FRACTURED ROCK. Aimo Hautojarvi. Yeikko Taivassalo
and Seppo Vuom, Technical Research Cenmre of Finland, Nuciear En
gineering Laboratory, Helsinki, Finland

Consistent and realistic interpretation of hydraulic ard tracer test data
from o field experiment has been auempted Reasonably good results
were obiined by applying novel modeling approach.

Swongly varying fracture apenure guides the water 10 flow preferentiai:
ly in some pans of the fracture plane, in the 50 called channels Flow
velocity differencies in different pans of channels tums out 10 affect
alto the break through curves essentially. The moiecular diffusion cross
the Now field smooths out the velocity differences of the migraung
solute and the dispersion diminishes in confined channels and there
exists an instationary phase of dispersion.

In the developed hydraulic model the channeling degree together with
the aperture vanation along the channel is taken into account as a fac
1or which 15 the rano of the cpenure from transmissivity measurements
and the aperture from a tracer test. The transport model takes into ac
count the coupling of molecular diffusion and advection in & velocity
field. ‘The velocity field is spproximated by a linear field where veloc
ity increases from zero to the maximum velocity over a characiensic
width. Each channel has a specific dispersion behavior and the toal
route dispersion is obiained by summing the conmbution from in-
dividual channels

The developed concept and models have been applied 10 predict and
interpret field experiments aimed (0 investugate transpont over long
distances in highly conductive fracture zones, The tests belong 1o the
case S of the INTRAVAL project and experiments have been performed
at the Finnsjon research area in Sweden,

Pa.!

CONTAINEP MATERIALS FOR MIGHM-LEVEL NUCLEAR WASTE AT THE
PROPOSED YUCCA MOUNTAIN SITE, R. Dantel McCright,
Lawrence Livermors National Laboratory, Livermore, CA
94550,

Candigate contatner materials for high-level nuclear waste
packages to be emplaced at the proposed Yucca Mountain
repository site are being considered for their long-term
resistance to corrosion, oxidation, embrittlement, and
other kinds of degradation. Selection criteria have been
established, and a method has been developed for
recommending & material for advanced container design
activities, An extensive compilation of the degradation
pnenomena for six candidate materfals 's compiete, and
further ~tudies have begun on the degradation modes
affecting additional candidate materials,
Phenomenologica) models for predicting container
degradation rates are being advanced for environmental
conditions applicable to Yucca Mountain., An gxperimental
program is underway to evaluate the suspectibility of
¢container materials to localized corrosion, stress
corrosion cracking, and enhancement of corrosion and
oxidation attack by gamma radiation. Inftial evaluations
of container fabrication and welding processes have
identified some processes that appear to alleviate some
long-term corrosion suspectibility concerns.
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L B
REPASSIVATION METHOD TO PREDICT LONG TERM
INTEGRITY OF LOW ALLOY TITANIUM USED FOR NUCLEAR

WASTE PACKAGE. ghigeo ;gu]zggv’ and Yoichi
Kojima, The University of Tokyo, Tokys, JAPAN.

Long term corrosion resistance is evaluated
G=2 and G+12 titanium as a candidate of
high-ievel nuclear waste packages.

for
the

The rspassivation potential for crevice corresion

En i in comparison with the well known
spontaneous potential, Egp i of a metal
passivated in given gnvironment, aliows
conciusions to be drawn whether it performs
"permanent”" or does not.

This repassivation method is extended to
detarmine critical conditions in terms of NacCl
concentration and temperature for specimens kept

at a electorde potential which s more noble than

Ep and 18 included in Egp ranges.

Thus obtained NaCl concentration - temperature -
crevice corrosion - map could predict critical
conditions for the titanium used 1n geclogic

formations.

P

HYDROGEN EVOLUTION FROM CORROSION OF IRON AND
STEEL IN INTERMEDIATE LEVEL WASTE REPOSITORIES.

R Grauver, Paul Sclierrer Insutute, Villigen PSI, Swarzeriand; B Kaecht,
Nagra, Baden, Swizerland: P Kres and ) P Sumpsou, Sulzer lnnotec Lid,
Ninterthur, Switzerland

e *volution & an important wsue m the design and safety assessment ol
reposito, s for low and ntermediae level waste. The gas evolved i expec-
ted (0 anse mainly from the anacrobic corrosion of steel (i the waste itsell,
4% waste package and in the form of rebar) in the cementitious environment
of the repostory near-field. A review of the literature shows that an upper
it for the hvdrogen evolution from corrosion under these conditions is
200 mmol m* 4t (general corrosion rate below | umat) at pH values
above 12, steel being in the stable passive state at all electrode potentials
withun the stabiity domain of wuter. Because the actual values of the
hydrogen evolution rale are expected 10 be at least an oider of magnitude
lower than (hs upper it direct measuremests of the hydrogen evolved
were carried out n closed celis 1o alkaline (NaOH, model cemeat
porewaters) as well as other environments with a seasiivity better than
02 mmol m* 2 for durations of several thousand hours at & temperature of

2'C

The Ha evolution rate was below 10 mmol(Ma)m *a'* in the alkaline
snvironments considered at tmes of more than 300 b it was below the
detection it for a model sorewater .ux=scteristic of a relatively fresh
cement, decreasing with time 10 approx. 2 mmon Ha)m*a'* for a 0.1 mol!
NaOH solution at 5000 h and increasiog with ume v 2 mmol(Ha)m2a“* at
W00 b for & mode! cement porewater characteristic of an aged cement,
demonstrating (hat it caanot be assumed that the hwirogen evolution rate
will decreaie in anaerobic environments In a slightly alkaline chioride
environment the rate was v the range 5o 10 mmo (Hs)m 2o ‘at tumes
berween 5000 and 8000 h

The hydrogen evolution rates obsgrved are of such a magnitude that they
cannot be neglected i the design and safety anaiysis of lowintermediate
level wasie repositones
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ENVIRONMENTAL EFFECTS ON LOCALIZED CORROSION OF WIGH LEVEL
NUCLEAR VWASTE CONTAINER MATERIALS. Gustave Cragnolino,

Center for Nuclear Vaste Ragulatory
Analyses, SwRl  San Antonie, TX, and Walter J Machowski,
Southwest Research Insticute. San Antonie, TX.

localized corrosion, including pleeing and crevice
cotrosion, Ls one of the most (sportant modes of degradacion
of the high leval nuclear wasce conctalners used for



-

on . o i o

Long - tere geslogic disposal in attempting to predict the
,b( ormance of the container wsaterials in o natural
environment that varies wvith tise, it 1s essential to
Lnderstand  the effects of environmental variables on
Localized corrosion quantitaiively. This quantitative
Jnderstanding wvill alse ensble & rational technigue for
estrapolation of date genarated in aggressive, lavoratory
envitonments to  Less AERTeRSivVe  natural environments
rindbly. it s o' o essential to eveluate the vaildity of
sarameters geane. -4 from labordWry testing for long ters
srediction

*s{g paper prescncs pitting deta from electrochemical
soiarization tests on the effect of environmental variables

) f N0, , §0.° and temperature A 2-level, full
facterial expatimental design % used to evaiuate
,nteraction betvean variabies The partaseters used to
L AR] Dk!".h‘ cotrotion are pitting and repassivation
srentials and the ditference Ddetveen the Iwo e
pplicabality of  repassivat.en potentiais to predict
ang-tere behavior is also snamined The three alloys
stugled, in this work ineclude $1 J0&4L stainless steel

‘ncoley alioy 823, and Hastelloy alley €22

r Incoloy is & registered trademark of Inco Alloys
International
Hastalloy s « registered tradesark of Haynes
International Inec
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*HE CRITICAL CONDITION FOR THE INITIATION OF LOCALIZED
CORROSION OF MILD STEEL USED FOR NUCLEAR WASTE
PACKAGE, Gen Nakayama and Masatsune Akashi, Research
Institute, [shikawa).ma-Harima Heavy Lndustries Co.,
Ltd., Tokyo, JAPAN

The general corrosion rate of mild steel is so small in
neutral water environments that the appropriate corro-
sion allowance requirement can solve the practical
problem. In alkaline water environments, however, mi.d
steels can passivate themselves and often undergo the
localized corrosion, such as pitting corrosion, grevice
sorposion, evc., as stainless steels do in neutral
water environments,

This paper iescrihes a study of localized corrosion
nehavior of the rild steel, {or assessing the long-tern
performance of high-level nuclear waste package in the
geological di1sposal situations. The critical
potentials for pitting and crevice corrosion and the
critical pH tor general corrosion-passivation transition
«ere demonstrated for mild steel specimens in neutral
and alka.ine water environments. Effects of
remperature, pH and chloride and other anion
concentrations on the critical petentials as well as
the critical pH were discussed. The initiation and
propagation behavior of crevice corrnsion was a.iso
ana)vzed under potentiostatic conditiens.,

It is concluded thac the mild steels can undergo crevice
sorrosion even in the immunity region for pitting
sorrosion and that it 1s consequently undesirable for
the mild steel to be used Ln the pK region above the
¢ritical pH.
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SORROSION PRODUCTS AND MECHANISMS 1IN LONG«TERM
S9RROSION OF COPPER ALLOYS, M, B, McMeil,

Maval Coastal Systems Cencer, Panama City, FL
12407; and B.J. Little, Neval Oceanographic and
Atmospheric Research Laboratory, NSTL, MS 198529

Copper and copper alioys are frequently used for
service under conditions where short-term testing
indicates that they should be adequately
resistant to corrosion, In some cases invelving

long.term survival the metals degrade by
mechanisms which have not been replicated in
the laboratory. These mechanisms, and specially
those which are microbiologically controlied,
are reviewed from the thermodynamic and kinetic
points of view, Comparisons are made to related
phenomena in high-nickel and high-iron allcys,

L

EFFECT OF COMPACTED BENTONITE ON THE CORROSION

BEMAVIOR OF CARBON STEEL AS A GEOLOGICAL DISPOSAL
OVERPACK MATERIAL. o ,T.Tesnima K, Tourudoge K.
lsnikawa,Y.Yusa and N.Sasaki, Power Reactor & Nuclear
Fuel Developsent Co.,Tokai-surs Ibaraki 319-)),Japan.

Carbon steel s one of candidate overpack materials
for nigh-level waste dispcsal in Japan,The corrosion
rate of cearbon steel in compacted bentonite 1o
sonsidered to be depend on the diffusion behavior of
corrosive materials and corrosion products.Thus the
sorroaion reate in compacted bentonite 1S expected Lo be
low even in the atmospheric condition,

lamersion tests of carbon steel in compacted bentonite
were carried out under ateospheric condition. Carbon
steel specimens were lamersed in @& compacted
pentonite(dry densitys=0.8-1.6 g/ca’) mixed with aqueous
solution. Mean corrosion rate and corrosion progucts
were evaluated. lomersion tests in aqueous solulion and
{n ventonite powder mixed with solution (bentonite
slurry) were also conducted for comparison,

Mean corrosion rete in a tompacted bentonite was lower
than those in aqueous solution or in bentonite alurry.
The corrosion rate in compacted bentonite increesed as
the density of bentonite decreased.No significant
difference was observed spong the corrosion rates in
compacted bentonite with some Kinds of aqueous solutions
(ehloride,sulfate,carbonate etc.). Prediction of
general corrcsion rate for carobon steel was also carried
out on the basis of diffusion behavior of dissclved
oxygen in bentonite,

PRR

CORROS1ON OF COPPER-BASED MATERIALS IN IRRADIATED HIGH-
MUMIDLTY AIR SYJTEMS., 0. Tf Reed, Chemical Technology
Division, Argonne National Laboratory, Argonne, It
§0419;: and R, A. Van Konynenburg, Lawrence Livermore
National Laboratory, Livermore, CA 94550,

The atmospheric corrosion of oxygen-free copper, 70/30
copper nicke!, and aluminum bronze was |nvestigated in an
irracdiated moist afr environment, Experiments were
performed in both dry and 40-50% RN air at 90* and 150°C.
Corrosion rates were determined based on weight loss
measurements, Corresion products observed were analyzed
and related to the frragiation environment. The
experiments performed were sponsored b{ the Yucca
Mountain Project and are needed to eva yate material
perfcrmance 'n the expected enyironment,
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Srainless Steel Welds in Containers of Nuclear Waste. TM.
Devine, Department of Matenals Science and Mineral
Engineenng, University ot California, Berkeley, CA

Welds of 308 stainiess steel typically possess a two-phase
microstructure which (s thought responsibie for their generally
good resistance 1o sensitization. Actually, depending on the
composition of the weid one of three markedly different weid
microstructures will occur. Unfortunately, only one of these




.

microstrucrures is suitable for use «n containers of nuciear waste.
The other 2 types of microstructures are UndesIFab:e SINCe 0Ne (§
suscetible 1o sensitization and the cther 10 mechanical
embnttiement. This paper dascnbes the influence of weid
MICrostructures on sensitization and embritiement ana identifies a
compositicnal range that OpUMIZes the performance of the weid.

LN
FARAMETENS OF GLASS DISSOLUTION i INTEGRATED

EMS Etenng (. ipmnaz and Nicole on, CEA, CEN ', *.A10,
71, 30208 Bagrae e Uhe Codos Frarce ©
)

flumiercus 1saching stucies have been conducted during the |ast ten
(edls 10 WJenllly 1he LasIC mechanising of Glans ¢orrosion in orger 10
J9veiop Iong i Dendvior models. Cunsidonng the mulipie nasam
Jurs BHOCHNG & JUOICYICAl repULItOry, NOwevOr, INlegreled Lxporin ants
SNUIAUNG e LSlual GiISPCsAl CONUINLNS &0 NOGeSAAN 1O Check tha!
ail The key paamelos aie 1akon into aceount, 16 deIecl pPa3tidio
«/00rgy HOCTE ANg 10 qual’y 0 MOJe! uidor realistic coNUItions
.A;S:."uua'nuux...-e~a~oc 10 as "TAY" cxperimenis havo been
wivs It Franco 1o 8u1./'al0 teveral £10: o $Conaros al 90°C under a
[ressure of 10 MPa,  Sirm 12189 gealoyical waier 18 allowas 1o roaan
DOCLBIUIN with (o 188t Medium 1 a congditioning vessal heloro
SChing 1he ginss win 8 pIoUdD Now rate cotesponding 16 samplos of
d low &MY taen t Jencath intaivals. Tio principal ingings have teen
iha loﬂcwmq

Qlass aur i3 simuar in Feaneh 3ranita or sait, but much greater
o Clay
o Lackhiing maletis! - s a Sigrincant etlect Most ¢lays constiiute
AIGA SINKS and Mainte  a high ICAg 1erm dleralion rale  Moasver
R0 RIghly siliceus Luntonios UO NOL KELolurate glass alleratinn
1@ granite medium at B0'C, 1he cadister malenais (NS 24, #usielioy
Jr AZS Quramig) aro only shightly atlerod and have & minor aflvct on
Qa8 corragion
Tho enests of fragturation of the Glass biock depend on (no onviron.
menigl cONJNiens. In a granite medwnm whore saturdlion coryitiong
20 Quickly reaghed. the dissoived giass Quaniily InCreascs Ly oniy o
faclor of 1.4 when tho exchango surince area 8 mullipiied by 10

¢ Radioadtve experiments with dopad glass specimens have shoawn
(Nl o radicly s 0ocs not modily the bulk Qass Qi850ILLion rate, DUt
(Nat enwviconmontal matenais gy atledt tho d4tirige ratenion (Lo.0r n
he surface 0! layer
Finglly, an oxpenmont has Leen In progiess for over ? years n a
Jraniy megium  After 1 yoaes N0 COMQSIoN 1alo 0rUppod 10 about
S0 109 g mig! and depwnds only on the fow ralw IMPosed by the
WA filing hiter, Ais
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HRARCPIRLD PRNFORNANCE &F ina AUVANGEY Wukd

PROCEAS CANISTER, %“ , BXB, Stockhdln,
Bveden; and J-F, Bai0, VO, deinkl, Pinlansg,

A nesr-field parformance evaluation of a cold
gunu canisner for spent {uel dluposal nas
e0n pextormed :ointiy by TVO and 8XB. The
CARigtex, origirally propased by T™O, sonalews
of an Linnor SSee. vesse. 3 4 1oad dearin
elenant, with an outar corrosion shie.s »
coppar. In the analysis, Linternad (.o -oscveion
proconses from the inside of \Ae :ar.yzer) ae
well 28 external proceases (mechaninel s .d
shemical) have been ceneiderssd buth pxior to and
siter canister dreach.

The majaw eonolusione few she evaluaLion are:

INteXnal processns cANNOY cause the caniatar
bresaoh under {oreseen condisions, i iocaliswd
OOFFOLLON 0x Lhe LOSL OX COPPRX CANLALOrE .an
be diemiseed as @ failure mechariam,

The evaluation of the effects of processss
Suteide the canister indicate that thaxe is no
FApid mechanian to endanger the Snko!ttty of the
Canister. Consequentiy the service iife of the
caniater will be eeversl mi.lion ysaca. This
f80%0r will snaure the safety of the cancep..

Bvaluation of post-failure Dehaviour wae carried
QUL TheNe ana.ywes were focussed on iOw yrobas
bLlity phrenomena from faultis in canistezs.
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THE ROLE OF LABORATORY ANALOG EXPERIMENTS IN ASSESSING
THE PERFORMANCE OF wASTE PACKAGE MATERIALS,

J. 5. Cunnane and J. K, Dates, Argonne National
Laboratory, Argonne, IL 60439,

There fs an immediate need to develop an approach for
credible assessment of waste package materials in an
unsaturated repository environment, [n this paper, which
!5 based on a study conducted for the Repository
Technology Program, the roles of laboratory analog
experiments (i.e., laboratory staulation) and mode | ing
(mathematical/numerical simulation) in satisfying the
near-term needs are critically reviewed, Earlfer
laboratory analog experiments in a variety of saturated
repository environments are reviewed and the results are
Interpreted fn terms of their implications for future
work of this type, In addition, some unanticipated and
significant results for analog testing of borosilicate
glass ang U0 In unsaturated environments are presented.
These include evidence for flufd film formation on glass
surfaces In fsothermal humid environments, accelerated
reaction rates for the large SA/V ratios involved,
spaliation of the films and mobilfzation of ragionuclides
as solutes and collofds, These observations are
interpreted fn terms of current understanding of waste
form reactions and the colligitive properties of the
fluid fiims that can form on the waste surface, The
implications for the near-field scenarios that should be
considered in waste package performance assessments are
discussed, Also, conclusions are drawn concerning the
role of analog testing at higher levels of system
aggregation and the credibility of the results of waste
package performance assessment modeling at the current
stage of its evolution,
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ACTINIDE TRANSPORT IN TOPOPAH SPRING TUFF: PORE SIZE,
PARTICLE SIZE. AND DIFFUSION, Marilyn Bushholwz en Briok, Douglas
Lo Phinney. and Duvid K. Smith Eanh Sciences Depanment, Lawrence Livermore
Natwnai Laboratory. L202. PO, Boa 80N, Livermore, Ca. 94550

Dilfusive Lansport raes (06 BuUeous species m @ porous medium are a (unciion of
AOMLON, MoCular dilTusion, and sumple 10nuosily. Single conasant values 1or these
WD resull 10 wanspon that can be modelled as Fickian dillusion with cne ditfy-
son coellicent With heerogeneous natural samples, however, an undersanding of the
sttect of muluple transport paths and sorpuon mechanisms is parucularly impoetant
AICC A small amount of radiosoone raveing via a faster than anucipaiedd Lanspoet path
TRIY INVATRHE B Prodic bons of Wanspon codes which assume sverge behavr

St dilusion experiments (8 hrs) using aqueous ~8U wacer in wil saluraied with
Eroundwater Indicaied 1hat U tzanspon was [ase in regions ol greater !l)tmm and that
IpPEnt Uil Tusion cosllicwnt values tanged trom =10°1% 10 €108 ¢m</5, depending on
HIC e (mm OF Wm ) over which concenurauon grsiients were measured in (he heteroge-
avous Topopah Speing wil’. 1f o agmificant racuon of acunwdes in high- love!l wasie are
Ol 0 the environment in forms that 3o not SO 10 (NG Mawix, they may be simi.
JELY Lransported along Tast paths i porous regions o (he Wit To st this, ayueous

lusion s 0wl were measared for <330 and 23%Py leached (rom doped gluss loe
83 dayy i groundwaier (D0°C, 80 ppb 38U, 20 ppb 29Py) . Actinnie concentrations
SUTT IWASUICU Wil secondary 100 mass specuometry al 100 um ens (owl 7 mm)
0 I ILRIOn 10 e sxwenor of 3 leachate-conwining il vessel. ¥ concentra
wns were above buckground (20 ppb) only within 200 um of the surface and =Py
vy Bolow the delccion imat (20ppm). This suggests (hat, for these conditions,
HanspOrE slong fusior muhs v g very anall component of (the bulk wranspor; however
RRDUORGL INCUSBIZ O 1) MOS POoUs ICEINS of NG Wil vessel and within 100 um ol
toe conbirmuuion. The inNuence of Baerogencous poroity ami
WU runspon rdes in these sapermments will also be dieusyed.

Hid surtiwe are necd
bWl speges o

Huehhols ten Rrnk. MR, D Phinngy, KD MeKeegan and VM Ovarsby 1089
Vianum canspent in Topopah Spring Teff  mulupie diffusion paths. “Chemistey and
igranon Benavior of Actmdes and Fission Prodecty in ike Geosphere', Nov 610, 1989,
Monerey, Culid

WOtk periuemed under the auspices of the U S Dupn of Energy Office of Civilian Wase
Management, Yucus Mountain Prower Office. by Lawrence Livermora Natoaal Laburaiory
e comirat No. W OT308 ENG A8
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GAS FORMATION IN A MLW AND ILW REPOSITORY EVALUATION AND
MODELLING OF THE PRODUCTION RATES AND CONSEQUENCES ON THE
SAPETY OF THE REPOSITORY Erancois Besous CEA/IPSN/DAS. Fomenay:
aux-Roses, France, and Sytvie Voinis, CEA/ANDRAA,

fontenay-aux Roses. France.

present trandis lor disposal of ML and T adioactive wastes have lead (PSN
and ANDRA 10 estimate the hazards associated (o gas formation in deep
repostiories For this purpose, the Main gas production mMechanisms have
peen getermined Those are

- Sleel comainers comrosion
Radiolysis of condrionned waste matrix
and water from wastes and near leid
Microbiological decompaaition for ILW
Hoat generation (for HLW)

Praduction rates for each mechanism and fype of waste as woil as overall gas
formation have Deen estimaled, Using calculation. expenments and iterature
review

AN attampt to maciel the gas Pressure evolution and spreading inlo repository
and near feld has also been performed. consiienng the above mentionned
formation processes and loliowing Lransport mechanisms

- gas dissolution and diffusion through near
fieied ank) host rock
dinsoived gas 0isparsion by waier
convection

two phase low

First results 1or ILW and HLW will be given
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PARAMETRIC SIMULATION OF ROCK SALT BEHAVIOUR
RESULTING FROM DISPOSAL OF HIGH LEVEL
RADIOACTIVE WASTE .0 CARAMELLE, MT GAUDEZ CEA
SACLAY FRANCE, J MONIG GSF BRAUNSCHWEIG
GERKMANY, G OUZOUNIAN ANDRA/DESI FONTENAY
AUX ROSES FRANCE and G SIMONET CEA FAR
[PSN/DSMN FUNTENAY AUX ROSES FRANCE.

An investigation of liberation and generation of gases from
rock salt due to heat and gamma irradiation 1s undertaken in order
to obtain some of the data which are needed for the development of
long term safety voncept for the disposal of high level wasic in rock
salt.

Qur work is concerned with the (nfluence of varir
parameters on the gas production, e.g, composition and grain siae ot
the salt, total absorbed dose, dose rate, temperature and gas
aimosphere. Some of these parameters have not been studied
previously in detail.

The original gamma irradiator employing spent fuel elements
and allowing 1o expose samples at temperatures up to 250°C will be
described, Experimental results from some 150 experiments will be
ﬂven. The two major guses found were CO2, N20. CO, H2, CH4,

vdrocarbons, CI2, HCl, SO2 were also detecied. The dependence
ef the gas yields on the v=r' = oarameters will be presenied and

discussed.

M7

SFFECTS OF aliPna
REPOSITORY ENVIRL
Argonne National

(ATIUN UN LA (uALeY

Ledoung and John K. Bates,
wegonne, [L 80419

Radiation can effecc . , .® glass performance in a
repository site either by altering the glass structure and

performance characteristics or by interacting with the air
and wvater vapur producing radloiysis products Most
studies of radiation effects on nuclear wvaste glass
pertormance either have investigated the (nteraction of
radiation with the solid glass or have assused saturated
aqueous conditions, | e . the glass Ls covered with the
leachate. These conditions are not representative of the
geclogically unsaturated environsent anticipated at the
Yucca Mountain repository site

This study vas carried out to determine the interaction of
pauma and alpha radiation with vater vapor {n air. The
gemma and alpha studies were carried out separately
because gamma will be the primary type of ragiation in the
early years of the repository lifetime, and alpha vill be
the primary type in the later years. The extent of nitric
and organic ecid formation will be described. Evidence
SUggests that these acids are concentrated in the vater
films on the solid surfaces rather than transferred to the
bulk wvater

Work supported by the U 8. Department of Energy,
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THE EFFECTS OF MOISTURE REDISTRIBUTION AND TEMPERATURE ON
THE LOAD-BEARING CAPABILITY OF A CLAY-BASED BACKFILL.
§.C.H. Cheung and M.N. Gray, Atomic Energy of Canada Ltd.,
Whiteshell Nuclear Research Egr., Pinava, Manitoba, Canada
ROE 1LO; and R.N, Yong and A.M.0. Mohamed, Geotechnical
Research Centre, MzGill University, Montreal, Quebec,
Canada HJA 2K6

To predict the mechanical performance of the backfill i+ a
nuclear fuel wasce disposal vault, the effacts of
tewperature and moisture content on the backfill load=
deformation characteristics must be known. Modifled
California Bearing Ratio (CBR) tests vere used to obta:n
thase data, The results shov that the load<bearing
capability of the backfill decreases with increasing
watear content and temperature. The losd-deformetion
characteristics of the backfill are significantiy affected
by the distridution of wvater in the materia’, but the
backfill should refain sufficient capacity to satisfy its
sechanical design function,

P10.2

COMPRESSIVE BEHAVIOUR OF CLAY-BASED BACKFILL
UNDER LARGE HYDRAULIC LOADING. m_ocm and KC.
Lau. Ontano Hydro, Civil Research Depanment, Ontano, Toronto,
Canada MAZ 554

in the proposed Canadian design of an underground repository
for nuciear spent fuel, it is generally assumed that the shatts
would be backfilied with a caompacted clay-based material, proo-
ably a mixture of clay and/or crushed granite. At the closure of the
disposal vault, the clay-based backfill may be subjected to a large
hydraulic loading due to the disconnection of the Jewatenng sys-
tem.  As a result, a small annulus gap between the backhll and
the wall of the s*.a* may develop and form a possidble short circuit
path for the m gra'.on of radionuclides from the vault 1o the bio-
sphete. The dev siopment of this gap depends to a large exten:
on the comprension charactenstics of the backfill. The magnitude
of this g‘cp an the rate of self-healing cf this gap are aiso a func-
lion of the ch ractenstics of the backhil mix.

In order to stud, the benhaviour of clay-based backfill mixes sub-
|ected o a large hydraulic loading, a hogn-?mouro cormpression
cell, with @ maximum applied pressure of 7 MPa, was designed
and constructed for pertorming compression tests on swelling and
non-swelling compacted clay-based specimens. On the basis
of prelimin compression and swelling test data, t was con-
cluded that for a non-sweiling clay the amount of compressive
deformation caused by the hydraulic loading exceeded the
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amount of elastic rebound. Mo

bentonite in the compacted
o ¢'C deformation

compression.
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APPLICATION OF ELASTO-PLAST

HYDRAULIC BEWAVIOR OF BUFFER MATERIAL

K. HA Y.YUSA |
Wht Co., Tokai-mura, baraxi

REPOSITORY. YiFUJI;A i
Reactor & Nuclear Fue
319-11, Japan.

Mechanical and hydraulie
during water uptake in a repos |
viewpoint of sechanical stabi
Coupled thersal-hydraul ic-me
bentonite has been developed t
of engineered barriers durin
presents the result of hydrayli
simulations carried out on
water uptake.

Compacteq bentonite swells
up swel)ing pressure
used was as follows:
hydraulic diffusicn.

(1) The
(2) Elast

swelling behavior and deformation of coopactad bentonte.
and swelling cosfficient were given as
content,

The water diffusivity
& function of water
pressure, on the result of s
bentanite which containg 50 3
Bodel, the simulations
uptake from the whole surface
rock and from partial surface

The resuits were ; (1; T

behavior of compacted banton te could be
®o0e)l. (2) The distribution of te water

the water access conditions,
Matertal and the displacesent
the both ¢ .xes

P10.4

under restraint condition,

wever 1or a swelling clay (e 25%

Specimen). 1he rebOUNG due 1o ¢as.
ana the sweliing of the ciay was greater than trs

IC MODEL TO MECWANICAL AND
UNOER WATER UPTAKE 1N A
N.SASAKL | Power

behavior of buffer Bateria)
tory is & sajor issue from the
lity of engineered barriers,
chanical mode) of Compacteqg
0 analyse mechanical behavior
9 water uptake. Thig study
c-aechanical mode)ling and the

an engineered barrier systea under

with water uptake angd builds
The mode!
water ugr xe was modeled as
o-plastic mdel was app)ieq ;7
{

gry Jensity ang confining
weiling tests of KUNIGEL-v]
sontsorillonite. Using this

were carried out on the case of witer
of crystalline and
of these rocks.

sedimentary

he hydrauliec ang Rechanica)
described by this
content deperds an
(3) The deformation of buffer

of overpack were very small in

HYGRO~THERMAL PERFORMANCE OF AN ENGINEERED CLAY

EARRIER, A.P.§,
tnvlnocrlnq.
Ontario, Canada, Kls 586

This paper Presents the
laboratory exparimentse
establish the heate-indue

bantonitic clay Luffer
material is Proposed a
Which will isclate a4 heat

Selvadurai,
Carlaton

Department of Civil
Universisy, Ottawva,

results of a geries ot
which wvere conducted to
ed moisture novement in a
region. The buffer
$ an engineered barrier
enitting high leve)

nuclear waste Sentainer from the emplacement

a4 bloeck of
MALlsture movement is |
heator which is
7ompacted buffer,
located within the
depandant progress
granite rock,

A seri
grani

mois

located aleng the

rock repository, In
tions, the borehole ig

granitic rock and the
nduced by a Ceylindrical
8xis of the
&8 of thermocouple arrays
te block moniter the time

of heat conduction within tha

ture distribution within

the buffer is determined by moisture content

sampling at the
experimental

dependent distributicn of temperatures
the residual moisture

FOSK mags and
at the termination o

nAticn of tha test,

The
tima-~
within the
distribution
£ the éxperiment. The
the i(nfluence of noisture

illustrate

Meisture movement within the rock and the baltér

material respectively.
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