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ABSTRCT

In this study, technical review, laboratory experiment and modeling calculations
were implemented in order to reliability of geochemical assessment technique for the
second progress report. The summary of this study is as follows:

We have implemented the technical review of the second progress backup report
geochemical modeling and some data. We have extracted a subject about
groundwater evolution modeling and thermodynamic data.

We have implemented multivariable analysis based on database of deep
groundwater sampled in geoscientofic investigation in other countries. We have
considered validity of peculiar model groundwater of SRLP, FRLP and MRNP.

We have researched on redox reaction of a coastal sedimentary layer, and was
cleared geochemical mechanism of dedox reaction.

We have studied thermodynamic of Se in laboratory. We have confirmed condition,
which SRB was not in experimental system, initial solid transformed to solid phase
(FeSe). And we have clarified chemical species of Sé in the liquid phase.

We have researched on degradation of the engineered barrier material. We have
prepared natural analogue data set that related to the iron and cooper. And we have
acquired basic property of buffer material (Kunipia-F) in laboratory.

We have studied on dissolution kinetic of UO, in order to extract geochemistry
technical factor for site selection. The dissolution rates in oxidized groundwater
may be much slower than previously believed by most scientists. Therefore,
oxidized environments, as well as reduced environments, may be considered as

possible sites for underground repository sites.

This work was performed by Mitsubishi Heavy Industries, LTD.(MHI) under contract with Japan
Nuclear Cycle Development Agency.

JNC Liaison : Waste Management and Fuel Cycle Research Center, Waste Isolation Research
Division, Barrier Performance Group
*1 MHI, Back-end Engineering Section, Nuclear Plant Engineering Department
*2 MHI, Fuel Cycle Engineering Section, Advanced Reactor & Nuclear Fuel Cycle Engineering Department
*3 Nuclear Development Corporation, Nuclear Chemical Engineering, Omiya
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1. lZCDIT

& L NV EREY B L 2 A 7 LOZEMIE. Ao BRETTERT 5 LEEENS
BAORKIHETIBEYRETNBLOEREOH T —FE2HEITHEETN S, HEL
BT BHEREFERERIZ. NAEOH MR FEDI— ROGEEEOH 2B N %ETF—F
FEDHEIFHMEINDD. ZORBHEFEOEEEZEFBNIHEMEL THLENH 5,
T/, HBLMT BT HMIRCENER - R LB OV MEEITHBIT 5 iR
BeRRdTHLTHEETH S,

FHRTIE H2REDZEDITBIT DI FNRRICET S FHEFEOEELE2H
BY DD, HECFOEMRICKD V2 —2RIT2 & EBICHEFEOEELEZED
% L TREBERNFFTCHIRCFHEREZTD. £, BB 20051 M B
EEHZREL ., LnHOY~( MEEICHZRDIEMWERICEL T, HMERKLEOBA TR
AU, U1 MEETOERICHBIT 2 RMNEECHERREE LD 5,

2. BZRWMD EEDITBIBMIMEETNBLOT—F ORZLH

FB2REODEEDIZBNTE, HBUS AT LOMEEFEDO D, F:8) - KRKIEDL
FEEITHETOHIREFET TR, EE TR, BEMERKERR E %%
Liz. £, Y1 NBEPBRLZBNET I R—A 2RO THIEREFE 2TV
TP TOBEDBREEZRE L.

ZI T, B ICBT HHIEMCFARBOFMICH 0D, LRORSRFEMFEEDRS
FT— Y DEBEICDNWTEEAOITHIN T 5720, HERLEPBOHEMARICLS L Ea—
EEWT D BMAET—HFOZAHEIZ. U5, MUDTLABKEZEHIC, KAROH TR
ST DEBOBHREIIDNT, BNET— I RXR—2E RO 2B AT, £
DR EEABEZLR T EICKOBRHT S, £ LE2—OHE. EFIMEDEZ
B FiE TR EOHDEHE. KOBMUIRERS - FE - TV ERFT S, Zh
S5, FFa X hELTEEDZ, BB, LE2—OMRETIHERILEETI - F—
Fid. LLFO@ED &ET 5, £/, 2000 FLBRICBNTTZATFIAN IO A%2E
B7DOHEEIZ DN T HD =,

BEHENCIITRO F¥a A v POREBEXIZRE L,

(1) Yui, M. , Sasamoto, H. and Arthur, R. C. (1999) : Groundwater Evolution Modeling
for the Second Progress Performance Assessment (PA) Report, JNP Technical
Report, JNC TN8400 99-030.

(2) Yui, M. , Azuma, J. and Shibata, M. (1999). : JNC Thermodynamic Database for
Performance Assessment of High-Level Radioactive Waste Disposal System, JNC
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Technical Report, JNC TN8400 99-070.
(8) /NHTEE, SLHFEE, WmAESF (1999) @ HBASHERREFE 2REVELDHIIBITS
TR EH PR BRI 2 D, JNC Technical Report, JNC TN8400 99-078.

& VOV BRI B A > AT LORMT2EOFE. B, HTFKEDRIGIK
LEREVEHRDOBEBIUH T KICKDHREDEOBITOMEICDWTEENNDIE
FEDOBWEEMZ1T D 72 0ITiE, TASE TR FR S NS T ARDEFMRIT DN T,
BARE TR HEE MR END I ENEETH 5, M TKOMAAB LUHIBRAKERENEEEDOK
JIEDHEEIZDWT, PNCETIFZREIFRAFEEREE) B I INCEMRENT 1 7 )V B RiEHE)
A, FRL 3 FEE 1 RBEEBIVER 12 FEHE 2 RREEEZEL T, —BELTHE-TE
AR, MR KEBLEGHY EDOMD T2 FE 2KREL. BN¥T—5 %A
WTHEBEL, #ETDHHETH L. sHEFOEHENIL. LEOHEELEERIET ST
EilH B, FARENS RE] ZRALEER. ROBEWRSHSHhERS T,

INC P EEICERALZBAET —2L, BFDOLDOTIIRWEHEIND, ZOREE (LFE
TNDLELRDGEMEDHEAE DL, BRI FH TRVMEZEDETHLIENHALNL
7= (# 2 1L, chalcedony + albite + orthoclase + kaolinite % calcite + dolomite + kaolinite).
I 5T, RAMTRDIZEMRE REICAWS N8 OFEHNLEERERL-
FaRS. T VZAWONTZFDEDFEEDRE | DF B OWTIE, BICFEMRREE
METBUENRHD, LT=D>T, FENLELILE refernce waters DFRRIZ OV THEER, E
HNRBRIZ L AR L ITONENHDLEDFRERITEL,

BREMBIBOBRCRNEYMEOBITIIREZRZEEZ5A5EHEIL. BEDSITHITK
@ ph, Eh, [C1], [HCO;]BEXU[SOX]D 5 DTH B Z LAR#I NS, KAH T /KO &
e LR, UnHOREMFMTHEAT REHTARKEL T, KO THEEZERLZ
1) Low ph, high Eh, low Cltype:ph=6.5, Eh=0, [C]']=0.01m,

[£S0,%]=0.001m
2) High ph, high Eh, low Cltype:ph=8.5, Eh=0, [Cl']=0.01m,

[£S0,2]1=0.001m
3) High ph, high Eh, high Cltype:ph=85, Eh=0, [Cl']=1m,

[£SO0,%]1=0.01m
4) Neutral ph, low Eh, low Cltype:ph=7.5, Eh=-400mV, [C1']=0.01m,

[£50,21=0.001l m
5) Neutral ph, low Eh, high Cltype:ph=7.5, Eh=-400mV, [Cl]=1m,

[£S0.]1=001m
6) High ph, low Eh, low Cltype:ph=9.0, Eh=-400 mV, [Cl']=0.01m,



[£S0,%]1=0.001m
7) High ph, low Eh, high Cltype:ph=9.0, Eh=-400mV, [Cl']=1m,
[£502]1=0.01m
INSHTKDHCO;IDREL. (D)~NDFA TDETIZBNTO0.1m ERETIL. &
VMOBREEIDNTORAKDEEENHETE S,

INC D2 2 KMEZFITRASINTWB T I F /A REEDLEWII DN TOERN%T—
5 DELEHEE . EBROHTKDEHE TD UOy(am)B & WX ThhO, (am) DIAMHEEE I L U & 4
BWHEOREZGEL., TOEEELLMIRCENT—F BT HZ EiIck0BRH LA,
ZORER, MEE TEREI N ThOy(am)DBEMEIX. K 2 HETE, HIZ UOy(am) DA
FRELT 2~5 HHE T EB0HEMENH B L DHERITEL /=,

3. HREAMTI/K (SRLP, FRLP, MRNP) DZ4# 2T 285

BIZREDFEEDIBNWTE, RVBEOERM T AT —F 22BN 2EBOEA N
BEIZ, SHEOETIMTASEIRMEINTNS, 2035, 2@BEDHT/KICD
WTR. ZERORFTHIFERMCHIMEEMH RN S D, TOZUENTHEIN TN S,
BROOIFEDETIHTRITDONTIL, EEBOHKEITCHIRENTRE D S B
SNTREZHTAKEE L TERI N, HETPBTICK OB r> ZERED
—D LTI, AN ET - 0picid, flRE, TFAkBEAOBRTAICE 5%
BEXTTH0., FUBEBCBTDERRMEZRIRLZ (BEEOREN) F—F N Dkan
S RBNE X SN,

ZTIT. AOHMEESENS, BEEOBEVWEMEBEM T AT —4 (BARCERRT
—%) ZR&ET B LHIT. HERIRT, HERLEZOMBTEITH, SRR TARKEEL
TERESNIFBEOET IV T KEEORZ U EZREFTL -,

FRIFCBNTROESIMTKT -4y bt UTOFREVEET S, /-, FRET
BTF=HIZDNTIH, BEEERLUELETHAAMRBEECLBHBEEMA-TF—% %
AWTUEZT- /.

OSweden (Taavinunnan, Kamlunge, Gidea, Svartboberget, Finnsjon, Fjallveden,
and Krakemala sites),

@ Finland (Olkiluoto, Outokumpu, Kerimaki, Hastholmen, Kivetty, Syyry,
Parainen, Romuvaara, Liminka and Veistsivaara sites),

®Switzerland ( Bottstein, Weiach, Riniken, Shafisheim, Kaisten and Leuggern
sites),

@The UK (Sellafield, Dounreay, southwest Scotland, Harwell and Carnmenellis

sites),



(®U.S.A [tuff (saturated) and basalt sites].

ZOM, WHOM TR TRE SN/ T KT —FIZDONWTHTF—F v MR
5ZEELE, MHpETEHET—FLy ML UTOFLDEET S,
®Sweden (Stripa, Aspo, Avro, Laxemar)
(MCanada (Canadian shield)
®Switzerland (Grimsel, Mt. Terri)
@Belgium (Mol)
@France (Fannay Augeres, Tournemire and Revin)
@Spain (El Berrocal)],

4. BACBITRINIZEET DB #H - EE RO

A - ERAKD Eh (BALEITEN) 13, BEOBMEICEELEZ D=0, Tt
FMHEEEL/INTA—ID—DTH 5, FE2REDFEEDITBITDH TR - 2Rk
LTIV TIE, BAFEMNICS BLY C RERT I XENBILETRIEZH DN T
W3, —4., BILBITERIGOEEL. MEMREOFHIZEXDREZIND EEZSNS,
AHRTIE. S BLU CHBEFRTHUSTRET THRESNIBEETLKIGEZFDOFEE
MmEBET S LI, MK - ZRAKIEEETIVICBITS Eh OREITHRZD, £
DIREHARETIVIZDNWTRFL =,

BHEDEOBITICKERZE 5 Z DM T/KO Eh {13, magnetite % pyrite & D FH,
E/2id. CHy/HCO;-® H,S/SOFEDFEETHRESI NS, EDREMN INC D% 2 R#|ES
THRAINTEZ, INSOBEBEKIEOEEIIRATIIEEITELS . —RAICITIEF
WTHDI LA EHTKSIBEHEEYBEBRAKDIZHEKORIN S L 7=,

BEHBY B XSG OEBKOIEHEDOT— & O/REN S, HEEY T OMER/KD Eh
fEIEHBET 300 m BUEIZBNTH+570~+400 mV EEN T ENENT &, —F. ZRE+
T3, BETH600m TH-400 mV ETEL Lo TWA I ENHASM RS, ZOT &
. HTFKBLORERAD Eh OfEiid, EREGRICE > THEINEIEERT. KB
% Fe2+% &8 M (silicates, pyrite, carbonates)D72WERE TIZ, Eh B WVWREZF
5. —F. Fe2+MENEGTIZEhIZEL< 25, 372b5,. RAMTKOELIZ. EFEL T,

Fe?*-minerals + H,O = Fe3*-minerals + 1/2H,

DEISIZE > THEENTNDEE A D,



5. Se DEAN¥T — 5 IZBT HiFSE

FEZEORBRTIL. BHEAY Se kM S BN ZMITLETS Fe-Se EHITEET 2 Z &M
RSN EITED. UTFOXD B EERL Se DRMEE B L OAMREHIREMIZ
DNTHET LTz,

(1)Se BRERIFERS K0 EMMOBEHM TR EZEML -,

@)FERALINERE - BMIREHET T, Se KNS Fe-Se EAHD AR ZME L /-,

51T, B Se LM, HIZ Se(V)DEEIZDVWTHRHL., MBEHSOF v/ %
EL pH—-E h#K & thEmat Uiz,

5.1 Se MR HIE

BRENERBIL. 20 ORBRET >/, €0 1 TiE. ¥ Se Fe IEZ 10°moll
EE L. £7z. Eh £, -250mV BT O+ BEIC8 S L S EIEE L s
LOTHD, Thb, BREHEELENHOBIETD Se MREENZZ E4Ho7 5
DTHB, —FH. Z02 Tk, HEEDRBET Se HREERELFIZ/A - 7= B
BWA LR, ARBEETIE. B0ELO 1 EIL. EHEOEEEIIONTRI L.

5.1.1 FERERIE
BREEMERARORBE 70— 2K 5.1.1 1277, SEORBRTY, HEETEO
FREIIDNWTHEEERNICIT— I 2 NEL =,

5.1.2 MERHER

ik (E8#liKk) F @ SRB HIEL. IZIFFEELBEVI ENREI NG, RBRER
2% 5121TRT, MBREHTIE. €D 1 TE h #£-250mV IZREL TW=Aa >
ROo—)VTEY. BLAEHINGEUEICEIT LR, £, RO p HIZDOINT
HEHU /. K5.1.2-1 ITHAE Se IBEDORBL(LETRT. WA Se IBERELIT.
01 TEAEmMEZ., 02 TRMMT BENEmERLUZ. ¥R 10 EFEORRE
FEEOHREELOTH 5.1.2-2 ITRT. FEEDLEAEZTD 11, Casel 1THY
L. ZD 2. Case2 ITHHH TS, Casel (£D 1) Tid. 64+ A0 1R TEE
EEieo7=n, 25 7 AidEHE. RL 2 RICHES =, Case2 (FD2) TiL. HRHE
FEICESEM S ODOEMEMTH 2 EHEE I NS,

IR T D 2HBEMDXRDARY MV EK 5.1.2-3~K 5.1.2-4 IZ7RF . i
B 2.5 - A OB TIE. Se FEH B LU FeSe, MUE &z - 7=, HERHIM6 ~ H
DIEITIE. Magnetite & FeSe, ¥E /x5 7=,

X5.1.2-51CA&ABREMHZpH-—Eh#BHEIZT Oy LI AATND Y — X H FeSe2



LEEBICAEL =,

AT Se [EHHA S FeSe, NDZEREIL, FrL 10 £FE LR TH D BHEMEATER
NZEFAL. L Lans, BiRE 80°C Tid. Mifs SN BB/ EMITEETE FeSe,
DBREIZET S ETRENINE EEZ SN S,

5.2 kN5
WEEEE DB TIX, Se H{AA Fe-Se EIMHNEZEEL =, LM LABMNS, Se BRI,
EARELTHEAEL TWSD 2D, BRIL, FERETRNVWIENE R S, T T, Fe-Se
EAHNOFESRLZMEE B2/ DICEIBRG TORBEERL 72, BITMIL. Fe 71
" — & Hematite & Magnetite DIEEM E LTz,

5.2.1 ERERME
AT O—ZK5.2.11RY. EIORESEL. Se BMEAERRICEL TS,

52.2 MAERHER

TFT7OVEEE. REBIUVERAOEMMNSE L. XRDOBEKEEK
5.2.2-1~5.2.2-4 IZ;RY, EHIZ. EIZ Fe {bB¥ THH S Magnetite, Lepidocrocite
MEL. Fe-Se EHHIZDNTIL, FeSe MAEU =, Se BKIZDNWTIZ. JEEHEELL
TElsolz, BT — Y EORBREREEE 5.2.2 1TRT . #AH Se IBEIZ. 108moll
EROHFELTVBR D ICHRHRFMELT Lz s s>, #&AH Se BEIL. B
FHTIE D TWBHAEEHNH D b AN, BHIc DWW T, #&71 v — THEEE
SN/, Hematite & Magnetite DIREY TIL. +ICBCHEZHERTDIZES
BipoleZ ENRE N,

5.3 L EFRHERRALER
FRABRL, BRENERGBLUVBRENELRHLIVENOBENWRED 2D DOFE
RS TOWAE Se (LERMICDNWTHRHANLZH D TH 5. SEIOEHMERAR T,
BALTE(L AR & LT SeO2ICE B L7z, HlG, SefbZEHOERIL. #L WD, B
SIMIDBEE R TE D Se0,> L ETTIE(L#7E Se BRI HSe/SeIZ T2 2 & & L 7.
BFIL. WAL Se BN S SeO2BEZELFIK ZETRDE, Zhid. MBS HENRT
HFHRTHDIENS. BBILED Se021, HEL DD LHWINDINSTH 3,

5.3.1 FERIRIE
MBI ARA N T, BN AR OB M A EICHEC L. BEh %
BT SRBIVBEIRMFOABRETHEHLEZE hZRELABEYTU L TL
Pt E LT3,



Se (LA HIEIL BBFOXEESRL. EXLFA—)b— 1 [ (B Bis-II :
3-phenyl-5-mercapto-1,3,4-thiadiazol-2(3H)-thione pottasium salt)Z R /=t
e NR—AE LT, 272, BIUFEEHIEHTIE. Se BfbEud. KT 57-0%
Se IREIZHT 5 SeO1d, EK<2BIETTHS., o T. k¥fEERDBIZIL. &
D SEESTNHE D PHETHEHE T ZE Bis-II D&M A EDE.

e ITIE. SE hSHORBICHEAL /2.

SEIOHTIE. Bis-IT & SeO>DRINIT L 0 ERR U =881 F > #iEERICE:S
SEHLZHODTHDIBHEREEZERT DI E &5, KiEBRTIL. Se DEERFEEL
T Se-TTm CERM 174 %) ZRAL TS, Z0 Se-TTm 1&. PHFREIIZLD
Se-76 (n, 7v) Se-7Tm RKIGIC KD AR T H2EETH 5.

FHEFREHED L. Se(V)ZRTIBHE L . B KFEB T HFEFTTERL -,

3.2 HEBER

FBREREZER 5.3.2 ITRT. £Y. BREAERGEHBRTIE. SeO,> & B4 EIE
U FREH e 2 @A Uiz, EHRRAREBE L& 25, Se-TTm D
162keV D v #1d. 2 TOHENOBEH Lz, M. 75 7& BN S51E. Se-77m M
BRIBENBN 2. €20 T. Se-TTm DHFFRIZL. HEFD Se ICHKL THBEW
A5, M. BEHEATOERBEEZHET 572D, Bis-Il Ik BB &I03F19)
EitHIz. RIRTLDIZ, AEOMEIE. FIF—H U=, #-> T, BHBSHEHETFK
SHESHTERR. THERBICHA DB ERENT-,

#5321 RTEIEE h&H4 T, BHICEILETHSEh (366,403mV)
DEMLSNE. SeO IBEM 1% EE Lo/, #ELEh%:>%E<a> rao—j L.
REBRREFEDRA > M THEHE (ML) REICHFTIZENR#ETH - 7=,

—h. BREAERREHTIE. Ny FES 1-1 B 1-2 OREHT. B Se
BRENPREBRMEUT &R0/, Ny F&F 2.1 BLU2-2 T, GEpHD=DH
8 Se IREEANS 10 " mol/l 720 HARIBEI NS & 31T, WP D SeO 7 EE & Dtk
M5, SeOl2 N 50%FEE &72 D T EAREI N, EBREBEOE hit., +ENT &
M SAD Se (LEF/IL, Se* LHERE XN B, WHITHIZ SeO 2N HZITHRIHENEZ
& AHEBIORIMEEIRIER & T SeO,>IBHAIICIZ. ERALERLTLES20
EHEZOND,

AR T, EERNTHAE Se (b¥RIZRT ZEATERL, BRENERREY:
T, ¥ Se IREDRKIREE L7125 728, [l L&D Se (L7l & IEREICHREE
TEHIELR WEEFEAD. LLans, UERES D OIZATBREATOE h 28
RA 2 bED, HEHRRIFORFLI/E hiZHET 5 2 & T Se (b¥EMEKLDAD B M
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BHHMNZ N, 2. Se BN S FeSe, BHINDEENEA LG EIL, WAHIZEELH]
ZAEMU . #AE Se L FEHE SeO, 17 U ATIEHME/ T EFHEHES 47 T ICP-MS £ 0 4
HEEZE<ITLHIENTELD,



RITSH SR
FTERERIZHH
< Fefd R AtIN-2E
4 v
v ¥
< R
'I“E;‘E#é (80°C)
FrE AR

T—Z1:4,6124 A
r—2A2 :2.56,124 A

pH/Eh (&r—2Z 1 : ~250mv, — 2R 2 : <100mv)
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v
p H/E hfIsE
’ I }
R LBARIIRIBE »
(0.45um) (MWCO: 10, 000) REMR/Fe R ATIN-RE
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1. Introduction

The safety of the high level radioactive waste disposal system is evaluated based on
the data with reliability and the appropriate model about the various phenomena it
presumes to occur under the disposal environment. And the geochemical phenomenon of
the geological disposal calculated evaluated based on the high reliability
thermodynamic data of the general-purpose geochemical code. Therefore it is necessary
to evaluate it about the reliability of such an assessment. And, it is important to
research when a phenomenon and a condition of the geological disposal present a
technical index in the site selection of the geological disposal area.

A review by the specialist of geochemistry is taken by this research to confirm the
reliability of the evaluation technique about the geochemical phenomenon in the second
progress report. Then, in this study we have done necessary experimental research and
the geochemical calculation in order to enhance the reliability of the performance
assessment. And, we have researched about geochemistry technical factor of criteria for

disposal site selection in the foreign countries



2. Technical review for geochemical model and data of the second progress report.

In the assessments of long-term safety of underground storage systems for high-level
radioactive wastes, important issues include the following problems: (1) corrosion of
containers for the waste materials, and (2) leakage of radioactive materials by
groundwater to the sphere of human activity. In order to quantitatively evaluate these
problems, it is essential that accurate estimations are made for the chemical
composition of groundwater that may be anticipated in the underground repository sites.
These estimations should cover a 10,000 year period and include a variety of worst-case
scenarios for changes in the hydrology around repository sites. Changes may be
caused by a variety of climatic and geological processes (e.g., sea level change,
earthquakes, and volcanic eruptions).

Because of the political sensitivity in Japan on the issues related to the selection of
underground repository sites, JNC has adopted an approach to define the compositions
of "generic groundwater” (or "reference groundwater"”) that are not site specific. In
thEh-12 Report by JNC, Yui et al. evaluated five types of reference waters and selected
two of the five types, the FRHP (Fresh Water Reducing High pH) and SRHP (Saline
Reducing High pH) types, as the "generic groundwater" for the future Japanese
repository sites. In thEh-12 Report, Oda et al. estimated the chemical compositions of
pore fluids in the overpack of the waste containers, using the compositions of the
reference groundwater estimated by Yui et al. In the selections of these reference
groundwater and in estimating the pore fluid chemistry in the overpack materials, JNC
has adopted a theoretical approach where the key assumptions include the attainment
of complete chemical equilibrium between a variety of minerals and groundwater. The
main purpose of this report is, therefore, to evaluate the validity of the theoretical
approach (i.e., the model) adopted by JNC.

We have evaluated the JNC's approach by comparing: (a) the most recent
thermodynamic data with those used by JNC; (b) the compositions of subaerial
groundwater to the compositions of fluids expected from the model; (c) the compositions
of submarine pore fluids with those expected from the model; (d) the compositions of
fluids estimated from studies of ore deposits to those calculated from using the
thermodynamic data used by JNC; and (e) the compositions of fluids in laboratory
experimental systems with the assumptions adopted by JNC. The results of our

investigations are summarized below:

[



(1). The thermodynamic database used by JNC in their model, especially those on
alumino silicate minerals, are obsolete. The thermodynamic data-set adopted by JNC
do not appear to include the recent thermodynamic data on important clay minerals.
According to the recent thermodynamic data, the equilibrium between kaolinite +
feldspar (albite, microcline), which is the key assumption in JNC's estimation of the
ratios of major cations (Na, K, Ca, Mg, H), is found to be an invalid assumption.
Similarly, the assumption of chemical equilibrium among calcite + dolomite +
kaolinite is not a valid one under geologic conditions.

(2). The major cation ratios of most natural groundwater fall outside the stability ﬁeld‘
of kaolinite, indicating that the JNC's assumption is invalid.

(3). The Eh-pH values of most natural groundwater and also of submarine pore fluids
fall outside the stability fields of pyrite and/or magnetite. This indicates that the
assumption of redox equilibrium between groundwater and pyrite/magnetite, which
was adopted by JNC, is not valid in most natural systems.

(4) The sulfate/sulfide ratios and CH,/HCOj ratios of natural groundwater and pore
fluids do not agree with those estimated from the Eh-pH values. This indicates that
an assumption of equilibrium among these species is not valid.

(5). For the reasons presented above, the compositions of the "reference waters"
estimated by JNC do not appear to be suitable for the use in performance evaluation
of underground repository systems.

(6). The most important parameters beside temperature that influence the dissolution
kinetics of the waste containers and the migration of radioactive elements in
groundwater are pH, Eh, [Cl], [HCO4], and [SO,*]. Based on the data of natural
groundwater, we have selected the following seven types of groundwater to be used in
the performance assessments of repositories:

a). Low pH, high Eh, low Cl type: pH=6.5, Eh=0, [C]} =0.01m,
[£S0,] =0.001m.

b). High pH, high Eh, low Cl type: pH = 8.5, Eh =0, [C]] = 0.01m,
[£2S0,]=0.001m.

c). High pH, high Eh, high Cl type: pH=8.5, Eh =0, [C]] = 1m,
[250,] =0.01m.

d). Neutral pH, low Eh, low Cl type: pH = 7.5, Eh = -400 mV, [C1] =0.01m,
[2S0,] =0.001m.

e). Neutral pH, low Eh, high Cl type: pH = 7.5, Eh = -400 mV, [Cl]= 1m,
[£S0,]=0.01m.

f). High pH, low Eh, low Cl type: pH =9.0, Eh = -400 mV, [Cl} =0.01m,



[£2S0,=0.001m.
g). High pH, low Eh, high Cl type: pH = 9.0, Eh = -400 mV, [C]] =1m,

[£50,] =0.01m.
By adding 0.1 m of HCOj; to all the above water types, reasonable evaluations can be
made on the maximum solubility of various minerals in repository sites.

(7). Evaluation of thermodynamic data on actinide compounds, as well as on other
compounds used in the computations by JNC, should be carried out by using multi-
dimensional approaches, such as using various phase diagrams, and by evaluating
the consistency among the selected data sets.

(8). Kinetic approaches, rather than equilibrium approaches, will be more useful in the
estimating of groundwater chemistry in underground repository sites, and in the

repository performance assessments.

3. Validity of the SRLP, FRLP and MRNP Groundwater Categories Based on an

Evaluation of Deep Groundwater Chemistry in Japan and Other Countries

The objective of this task is to develop a hydrochemically consistent database of

groundwater sampled in geoscientific investigations in Japan and other countries

(Finland, Switzerland, Sweden, Belgium and Canada) aimed at characterizing the

chemistry of deep groundwater in a variety of host-rock types. The database will then

be subjected to multivariate geostatistical analyses in an effort to define hydrochemical

characteristics of groundwater in the various rock types, and to evaluate whether these

characteristics are consistent with JNC’s SRLP, FRLP and MRNP groundwater types.

The study includes the following tasks:

* updating JNC’s groundwater database to incorporate additional groundwater
chemistry data from other countries and different lithologies,

 critically evaluating the quality of the updated database and correcting the data for
the effects of degassing, if necessary, and

» applying HCA/PCA analyses to the updated, quality-checked and corrected database
to determine whether groundwater categories consistent with the SRLP, FRLP and

MRNP groundwater are revealed.

The progress made to date on these tasks is summarized below.
Database:

The groundwater database presently includes analyses of samples collected by JNC



combined with analyses of groundwater samples collected by geoscientific
investigations supporting HLW repository programs in several countries, including:
Sweden (Taavinunnan, Kamlunge, Gidea, Svartboberget, Finnsjon, Fjallveden, and
Krakemala sites), Finland (Olkiluoto, Outokumpu, Kerimaki, Hastholmen, Kivetty,
Syyry, Parainen, Romuvaara, Liminka and Veistsivaara sites), Switzerland (Bottstein,
Weiach, Riniken, Shafisheim, Kaisten and Leuggern sites), the U.K (Sellafield,
Dounreay, southwest Scotland, Harwell and Carnmenellis sites), and U.S.A [tuff
(saturated) and basalt sites]. In addition, the compositions of deep groundwaters
determined in other geoscientific investigations, including URLs [e.g., Sweden (Stripa,
Aspo, Avro, Laxemar), Canada (Canadian shield), Switzerland (Grimsel, Mt. Terri),
Belgium (Mol), France (Fannay Augeres, Tournemire and Revin), Spain (El Berrocal)],
natural analogues [e.g., Canada (Cigar Lake), Brazil (Pocos de Caldas)], and
sedimentary basins (U.S. DOE Subsurface Science Program, North Sea, Pattani Basin,
etc.) will also be included in the database if time permits.

Critical Evaluation:

This is being carried out in two stages. The first involves a routine check to ensure
that the qualities of individual analyses are satisfactory. This evaluation considers
charge-balance constraints, evidence that the samples are uncontaminated by drilling
fluids, and evidence that temperatures at sampling depths correspond to these
determined by the geothermal gradient. Samples failing these criteria are rejected
from the database. The second stage of evaluation seeks to determine whether
degassing during sampling could have affected the chemistry of these solutions.
Degassing of CO,(g), for example, may be indicated if, for a given sample, the calculated
saturation index for calcite and other carbonate minerals is significantly greater than
zero, but field observations suggest these minerals should exist in host rocks near the
sampling location. In such cases, the effects of CO,(g) degassing on the chemistry of
the sample can be corrected using a “back-titration” model, such as that used by JNC in
their recent study of groundwater chemistry at the Mobara site.

The progress on this task has not been impeded by the first stage of the evaluation
noted above because the quality of work carried out by the various organizations
involved in sampling and analyses of the groundwater is universally very high.
Progress has been impeded, however, by the second stage of the evaluation. This is
because the time required carrying out the aqueous-speciation calculations, to evaluate
results, and to make corrections if necessary, is significant. Further delays in
completing this stage of the evaluation are expected, and will become more significant if

additional groundwater analyses from other sources noted above are to be incorporated



into the database.
Geostatistical Analyses:

The critically evaluated and corrected set of groundwater analyses discussed above
will be evaluated using HCA/PCA. The objective of these analyses will be to determine
whether distinct groundwater categories can be defined that are consistent with the
chemistry of JNCs SRLP, FRLP and MRNP groundwaters. If so, the geologic
environment(s) corresponding to these types of groundwaters will be identified, and a
survey will be carried out to determine if similar environments exist in Japan. If this
stage of the analysis is successful, then it will be determined whether any of the
groundwaters in JNCs original groundwater dataset (i.e., 15,000 samples) are from

these environments.

4. Study on equilibrium and kinetic for redox reaction.

The Eh-pH values of natural fluids are primarily controlled by the dominant lithology
of the groundwater systems, especially by the abundance of iron bearing minerals.

The principal reaction controlling the Eh value is:

Fe* . bearing minerals + H,0 = Fe* - bearing minerals + 1/2H,
V2H, = H* + &

5. Study on thermodynamic of Se
We performed following experiment to evaluate Se solubility and solubility limiting
solid phase.
(1) Se solubility measurement: Experiment for longer dipping time
(2) Acceleration test: We aged samples for longer dipping time at high
temperature.
In addition, we examined soluble Se chemical spices , especially Se(IV) to check test

environment and to evaluate with pH-Eh diagram.

5.1 Se solubility measurement
We performed 2 types of solubility measurement. The one was performed under initial
Se and Fe concentration 10® mol/l and keeping approximately —250mV Eh. These

conditions were chosen to detect Se in the dipping solution after long dipping time. The



other was performed under conditions that we had confirmed Se concentration reached
to detection limit level last year. In the latter experiment, we examined chemical spices

in the solid phase.

5.1.1 Procedure

Flow chart is shown in Figure 5.1.1. In this test, we also checked sulfate reducing
bacteria(SRB).

5.1.2 Results and Discussion

We confirmed test system is SRB free in the pure water. Results are shown in
Table5.1.2. We planned the condition of Eh in casel around —250mV, however we
couldn’t control the Eh condition. In addition, the pH values at sampling varied. Se
concentration versus aging period is shown in Figure 5.1.2-1. Casel showed Se
concentration decrease with aging period, however case2 apparently showed it’s
increase. We summarize the last experiment data and this experiment data in Figure
5.1.2-2. In both experiment, the test conditions were same in each case. We assumed

the decrease trend in each case.

The two samples of XRD spectra were shown in Figures 5.1.2-3 and 5.1.2-4. In the
2.5 months aging sample, Se(cr) and FeSe, were remarkable. In the 6 months aging
sample, magnetite and FeSe, were remarkable.

Our test conditions fell into the FeSe, field shown in Figure 5.1.2-5.

In this study, the reproductivity of transformation of Se(cr) to FeSe, was confirmed
similarly to the last study. However, it would spend long time to reach the FeSe,

solubility level under 80C.

5.2 Acceleration test

The solid phase was transformed from Se(cr) to Fe-Se solid phase. However, we could
not obtain equilibrium state because Se(Cr) still existed. Then, we performed high
temperature test to acceleration of transformation Se(cr) to Fe-Se solid. Reducing

agent was iron wire and the mixture of magnetite and hematite.

5.2.1 Procedure
Flow chart is shown in Figure5.2.1. Sample preparation was same manner

described 5.1.1.

1



5.2.2 Result and Discussion

The solids colored red and black were deposited on Teflon vessel. The XRD spectra
‘are shown in Figure5.2.2-1 and Figure5.2.2-2. Solids are mainly magnetite and
lepidocrocite. Fe-Se solid is only FeSe. Se(cr) became tracer level. Aqueous phase
data is shown in Table5.2.2. At first, we expected detection level Se in aqueous phase,
however, Se concentration indicated 10® mol/l level. Se concentration may be
influenced by over saturation condition. Reducing condition was kept enough in the

iron wire case but not enough in the mixture of magnetite and hematite.

5.3 Se chemical spices analysis
We examined Se chemical spices in aqueous phase under solubility measurement
condition and high Eh condition. However, all Se chemical spices analysis is difficult.
Therefore, we determined Sample preparation was same manner described 5.1.1. as
oxidizing chemical spice and Se and HSe/Se? as reducing chemical spices. The latter
spices could calculated from total Se subtracted SeO;* . We estimated SeO,* which is

highest valence spices ignorable because of reducing condition.

5.3.1 Procedure

In solubility measurement condition case, sample preparation was same manner
described 5.1.1. In high Eh case, we prepared proper Eh samples using iron plate or
non-degassed water.

Analytical method of Se (IV) was colorimetry using bithmuthiol-II (Bis-II) referred
from Okutani et. al.. However, Se (IV) concentration would be low in some sample
because valence of Se should decrease under reducing condition. Therefore, we also
applied neutron activation analysis which is high sensitive method, to Se (IV)
determination. Colorimetry was applied to high Eh condition samples.

In solubility measurement condition case, we performed Se (IV) preconcentration
using active carbon which concentrates Bis-II- SeO,* complex. We measured Se-77m
(half live:17.4sec) produced Se-76(n, ¥ )Se-77m reaction gamma-ray. Neutron

activation analysis was performed in Rikkyo Institute for Atomic Energy.

5.3.2 Result and discussion
Results are summarized in Table 5.3.2. In solubility measurement condition case,
Se-77m gamma ray was measured from samples without blank sample after neutron

irradiation. Then, Se-77m derived from Se in aqueous phase. We also performed



cross check between colorimetory and neutron activation analysis. Se (IV) values
determined by both methods are excellent agreement.

The SeO;* concentration became approximately 1% except for the high Eh
(366,403mV) condition samples. To keep proper Eh values were difficult, therefor we

couldn’t conduct this experiment successfully.

Under solubility measurement condition, Se concentrations in the aqueous phase
became below the detection limit in batch Nos.1-1 and 1-2 samples. On the other
hand, those were determined in batch Nos.2-1 and 2-2 samples, because of high pH
condition. The SeO,> ratio became approximately 50%. At the sampling, the Eh
values were low enough, therefor Se chemical species assumed to be Se* . Then, the
detection of SeO3* indicated the rise of Eh. This phenomenon was considered to occur

during the ultra-filtration.

This experiment qualitatively suggested Se chemical species in the aqueous phase.
To determine Se chemical species accurately is very difficult especially in the
solubility measurement sample whose Se concentration become the detection limit
level. However, we may be able to confirm that more accurately, when we extrapolate
to ultra-filtration time as zero. Then, we should prepare several the same condition

samples.

In addition, neutron activation analysis combined with the pre-concentration of Se
would be a higher analytical method than ICP-MS, when the transformation of solid
phase highly progress.
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Table 5.1.2 Aqueous phase and solid phase data in solubility measurement test

Test Case Dipping time| Initial-pH Initial-Eh |Sampling—pHSampling~Eh Se cone. Fe conc. Solid phase
day - mV — mV mol/! mol/I

N 4 months 1-1 120 5.94 126 7.99 -326 1.38E-08] 6.63E-05 —

Solubility 1-2 120 6.10 80 8.03 -338 5.95E-09| 1.32E-04 —

measurement test 6 months 2-1 187 5.94 55 1.72 -301 5.37E-08| 4.28E~05 —

Casel 2-2 187 5.95 91 7.81 -321 1.53E-08{ 6.30E-05 —

2 5 months 1-1 82 6.02 =71 6.13 -299 2.71E-08] 9.26E-03 Se,FeSe,

Solubility ’ 1-2 82 6.02 -108 76 -335 2.15E-08| 1.03E-02| Magnetite,FeSe,
measurement test 6 months 2-1 187 5.90 64 6.84 ~-267 9.19E-09| 9.90E-03] Magnetite,FeSe,
Case?2 2-2 187 5.95 92 6.8 -281 1.85E-09| 1.09E-02] Magnetite FeSe,
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Table 5.2.2 Aqueous phase data solid phase in acceleration test
Case Batch | Dipping time| Initial-pH | initial-Eh {Sampling~pH|Sampling-Eh] Se conc. Fe conc. Solid phase
day - mV - mV mol/| mol/|
Casel 1 26 6.05 19 7.25 -181 1.94E-08 | 9.96E-03 Magnetite FeSe,lepidocrocite
2 26 6.05 74 7.25 -180 1.75E-08 | 9.99E-03 Magnetite FeSe,Lepidocrocite
Case? 1 54 6.03 =119 6.12 121 2.67E-08 | 5.91E-03 Magnetite,Se FeSe,
2 55 6.03 -69 5.1 =27 2.01E-08 | 7.13E-03| Magnetite,Hematite,Se,FeSe,




Table 5.3.2 Aqueous phase data and solid phase in Se chemical species analysis test

Case Batch No. Dipping time] Sampling-pH | Sampling—Eh | Preconc.—pH | Preconc—Eh | Se conc. Se0," con. Se(lV)/Se Method Fe conc.
days — mV — mV mol/I mol/| % mol/|
1—1 43 6.0 -173 6.6 27 <3.80E-9] 1.807E-09 4.76E+01] NAA 1.49E-04
Solubility 1—2 47 6.0 -217 6.4 48 <3.80E-9| 2.00E-09 5.27E+01] NAA 1.34E-04
measurement 2—1 48 9.9 -430 10.4 -121 1.85E-07| 9.144E-08 4.94E+01] NAA 6.43E-06
condition 2—2 49 9.3 =375 9.7 =75 2.46E-07] 1.473E-07 5.98E+01] NAA 7.00E-06
Eh0-50-1 (Colorimetry) 9.87E-05 9.88E-01 Colorimetry
Eh0-50-1(NAA) 1 10.1 36 10.1 32 9.99E~-03 9.30E-05 9.31E-01] NAA
EhO—SO"Z(CoIorimetry) 8.70E-05 8.68E-01 Colorimetry
Eh0-50-2(NAA) 1 10.0 35 100 59 1.00E-02 7.87E-05 7.86E-01] NAA
High—Eh Eh-100-200-1 1 10.0 =121 10.1 -110 1.03E-02] 6.79E-05 6.62E~-01] Colorimetry -
Eh-100-200-2 1 10.6 -139 10.0 -124 9.66E-03] 6.95E-05 7.19E-01] Colorimetry
condition Eh-200-300~1 1 10.1 -166 10.0 -91 1.01E-02] 7.80E-05 7.713E-01] Colorimetry
Eh-200-300-2 1 10.1 =157 10.1 -130 9.98E-03] 1.11E-04 1.11E+00] Colorimetry
Eh 400-1 1 11.0 366 10.5 364 1.06E-02] 9.18E-03 8.66E+01] Colorimetry
Eh 400-2 1 10.1 403 9.9 403 1.10E-02| 9.18E-03 8.35E+01] Colorimetry




6. Study on degradation of engineered barrier material.

6.1 Review of natural analogue data for long-term corrosion behavior of iron and copper.

The purpose of this report is three-fold:

1) To obtain the original, full and complete technical report by Johnson and Francis
(1980; PNL-3198) that includes data on corrosion depth age and environmental
conditions of archaeological artifacts.

2) To supplement the data of Johnson and Francis (1980) with newer data on
natural and archaeological analogues of iron and copper as candidate overpack
materials.

3) To compile data on iron and copper corrosion to identify interpretative models for

the long-term corrosion of iron and copper overpacks.

Chapter 2 of this report begins by reviewing the aims, advantages and limitations of
natural analogues. Of particular relevance to the issue of corrosion of ancient metals are
the potential for biasing of samples (i.e., materials displaying high corrosion rate are
preferentially lost and not accounted in modern-day studies) and the uncertainty, in
many cases, of the values and constancy of these values for environmental parameters
over time. Chapter 2 stresses, however, that perhaps the key aim of any analogue study
is in the testing of conceptual models, and not necessarily in providing an exact match
to a specific material under expected repository conditions. Summary reviews of natural
analogues more recent than Johnson and Francis (1980) are referenced and copies of
these unreviewed general references are provided in Appendix 2 (separate volume) of
this report.

Chapter 3 addresses purpose #1 stated above. After extended investigation, a second
printing of the Johnson and Francis (1980) paper was obtained from Dr. Johnson. This
second version, which is not available through the conventional U.S. government
information network, is dated September 1980. In this report, Chapter 3 on
archaeological metals has been revised. A few missing references from the first version
of PNL-3 1 98 have been added to the second version. However, the main resolution to
the apparent errors and discrepancies associated with missing references present in the
first version are resolved by a renumbering of references, as explained in Chapter 3 of
this report. The revised second version of PNL-3198 is attached to this report in
Appendix I .

Chapter 4 addresses purposes #2 and #3 for iron-analogue systems. Updated

information Is provided on native iron deposits and archaeological iron artifacts not



contained or fully evaluated in the Johnson and Francis (1980). Copies of these key
reports are attached as a separate volume to this report (Appendix 2). Several new
corrosion depth vs. time data points for Iron have been tabulated In turn these data
have been added to data provided by

JNC to generate an interpretative model for long-term general corrosion rate (i.e., no
consideration of pitting) using a new least-squares power law (log corrosion depth
versus log time) fit to the expanded dataset. In general, the new data are consistent
with the data presented in Johnson and Francis (1980), and provide remarkably
consistent corrosion rate data for a wide range of environments.

Chapter 5 addresses purposes #2 and #3 for copper analogue systems. Newer data and
analysis on native copper deposits and copper-based (including bronze, brass and other
alloyed artifacts) are evaluated. Copies of these key reports are attached as a separate
volume to this report (Appendix 2).

A key point is made regarding the interpretative model for copper; the long-term
corrosion rate of a copper overpack is controlled by the rate-limiting step of diffusion of
reactants (either bisulfide under reducing conditions or dissolved oxygen under
oxidizing conditions) through the low-permeability buffer. In standard assessments that
indicate copper overpacks lasting > 10° years, the actual "corrosion rate" (meaning the
chemical rate of reaction of copper with the reactant) is assumed to be instantaneous.
This is a different approach than for the iron system. It is justified because there is a
large field of thermodynamic stability f or copper within the thermodynamic stability
field for water. In contrast, there are no repository conditions for which iron is stable
within the stability field of water. Hence, water itself acts as a reactant, so there can be
no mass-transfer limitation of dissolved species on the rate of iron corrosion.

The relevant interpretative model f or copper corrosion from natural analogue data is
- not, therefore a corrosion rate derived from corrosion depth vs. time data. Instead, the
relevant , " ,, interpretative model is any mass-transfer model that calculates diffusive
fluxes based on the concentration gradient of a mobile reactant across the buffer, the
porosity of the buffer, the sorption of copper-species by the buffer, and the diffusion
coefficient for dissolved species through the buffer. The existing MESHNOTE model
utilized by JNC in their H 12 report, for example, provides all of these capabilities and
could be used as an interpretative model for evaluating the long-term performance of
copper overpacks surrounded by buffer.

Thus, the most relevant natural analogues for a copper overpack are those that combine
both chemical corrosion with mass-transfer constraints, such as the famous "Kronan"

cannon. Such analogues provide a means of testing coupled reactive-transport models.
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These models are essentially identical to those used to evaluate the long-term release of
radionuclides from an engineered barrier system of a geological repository.

Based on the data and analyses reported, the following recommendations are made
regarding possible subsequent studies and analyses. Dr. Johnson, among other experts,
has indicated an interest in collaborating with Monitor Scientific on these possible
studies and analyses.

(1) Copper-based artifacts buried in porous sediment ("system analogues") provide
the most useful analogues for copper overpacks. If such sites can be identified
characterization of the artifact should include not only examination of the
copper-based artifact and corrosion products, but also measurement of the
distribution of copper (and any alloying metals) released into the porous media
surrounding the artifact.

(2)Iron artifacts show great variation in apparent corrosion rate because of extreme
differences in their environments, ranging from completely arid (e.g., desert or
arctic locales) to burial in moist soil. It is urged that samples from "moist or wet"
sites be given more weight in projecting long-term corrosion rates for iron
overpacks.

(3)A key issue with the corrosion of iron overpacks is the volumetric expansion of
the oxide corrosion products. Analogues of buried iron could provide important
evidence and insights as to this behavior. As with buried copper analogues noted
above, careful excavation of the burial material around the sample is paramount.
In this regard, native iron deposits (e.g.. Biihl, Disko Island) should be
considered because the origin of iron at such sites includes encasement in
geological material that is subsequently eroded and exposed to permit corrosion.

(4)Points I and 3 suggest that JNC might usefully investigate the use of ground
penetrating radar as a non-destructive probe of buried artifacts. This technique
has been successfully used by a Monitor Scientific industrial collaborator in
finding and mapping buried metals and pipes to depths as great as 5 meters. In
this way, buried copper or iron artifacts could be non-destructively found and
mapped, allowing a careful excavation of both artifact and surrounding
embedding material to provide a state-of-the-art analogue study of overpack
materials.

(5)The potential for localized attack (pitting) of either iron or copper overpacks is a
major uncertainty in projecting long-term interpretative models. It is
recommended that JNC consider investigating this issue by a more detailed

examination of analogue data. The data available for Iron-Age and Roman



copper and iron artifacts in Britain, for example, show indications of pitting that
might provide analogue data to bound this uncertainty.

(6)It also is suggested that a review of potential iron analogues under elevated pH
conditions be investigated, first through a literature survey and interviews with
leading corrosion experts which may possible indicate a follow more quantitatlve
evaluation of the long term corrosion of iron under such conditions.

(A short review could be conducted of the general natural analogue reports
contained in Appendix 2 (JNC TJ 8400 2000-012) of this report for the purpose of

refining interpretive models derived from natural analogues.

6.2 The effect of iron on bentonite stability.

The Japanese engineered barrier design for HLW disposal envisages the use of a
massive steel overpack around the waste canister and a substantial amount of a
sodium-bentonite clay between the canister/overpack and the disposal tunnel walls.
Similarly, an EBS design for TRU disposal would also involve substantial amounts of
both steel canister materials and bentonite. Although the potential conversion of
smectite to non-swelling illite in the repository environment has received considerable
attention in the radioactive waste literature, the conversion of smectite to non-swelling

iron sheet silicates has received little or none.

Iron dissolved from steel canisters during corrosion processes may react with the
montmorillonite component of the bentonite to form iron-rich clay such as nontronite, or
de-stabilise the clay to form non-swelling sheet silicates such as chamosite. Iron and
montmorillonite are present in a HLW EBS in roughly equimolar proportions, so that if
any reaction takes place, there is scope for it to take place at a large scale. Natural
system evidence shows that chloritisation reactions can take place at temperatures as
low as 40°C. Quantitative models of bentonite alteration require relevant input data
concerning the types, magnitudes, and rates of these reactions.

The objectives of this project (over 3 years) are to:

- Identify the types and amounts of solid products from experiments reacting
montmorillonite clay with varying amounts of Fe?* for different times and different
temperatures.

- Evaluate the experimental data to derive rates and mechanisms of the alteration of
montmorillonite to Fe sheet silicates.

* Investigate the thermodynamic stability of montmorillonite with regard to various
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Fe sheet silicates.

+ Conduct experiments with compacted bentonite and iron to investigate impacts upon
swelling behaviour.

- Assess the impact of bentonite alteration by Fe-bearing solutions upon EBS design.

In this report, work carried out for the period April - December 1999 is described.

Conclusions of this task are as follows;

The bulk composition of Kunipia-F starting material was presented in the Second and
Third Progress Reports of this project. XRD analyses indicate that Kunipia-F consists
predominantly of di-octahedral smectite.

The end member composition of this smectite was determined in the Third Progress
Report by considering the FT-IR spectra of the material and its mineral formula. These
techniques indicate that Kunipia-F is composed predominantly of sodium-
montmorillonite.

Cation exchange capacity and acid-base titrations have been carried out on Kunipia-F.
The results of these characterisation techniques are summarised in this report. It has
been found that the cation exchange capacity (CEC) of Kunipia-F is approximately 122
meq/100g, as determined the Cu(EDA),** method described by Bergaya and Vayer
(1997).

7. Indication of technical factor for site selection

7.1 Technical factor from the viewpoint of siting selection criteria.

The objective of this task is to review the strengths and limitations of the site-selection
methodology employed by the U.S. DOE prior to the passage of amendments to the
Nuclear Waste Policy Act of 1982 (NWPA). This methodology is also evaluated for its
applicability, possibly in modified form, to site-selection studies planned in Japan.

The review focuses on geochemical issues. The key questions relevant to these
issues are:

* How were site-selection criteria in the U.S. stated or discussed in laws, regulations
and DOE/NRC rulings?

*+  What kind of R&D items (geochemical issues) was identified during the process of
defining site-selection criteria? And

*+  Was an R&D program designed to deal with site-selection issues, and, if so, how was

1t structured?



These questions are evaluated by consulting three documents prepared in accordance

with the NWPA:

*  10CFR960 (technical guidelines for a repository - DOE),

* 10CFR60 (requirements and criteria for a repository - NRC), and
* 40CFR191 (general guidelines — EPA).

In addition, the review considers the Multiattribute-Utility Analysis (MUA) technique
that has been advocated in the U.S. to assist evaluation of site-selection criteria.

The results of the review to date identify the legal framework for site selection adopted
by the U.S.. General siting guidelines are specified in 10 CFR 960, which required the
DOE to follow a seven part decision and evaluation process for selecting candidate sites
following an initial screening process. Postclosure system guidelines, which define
general reduirements for the performance of the repository after system closure, are
based on standards proposed by the U.S. Environmental Protection Agency and
released as 40 CFR Part 191, and the criteria promulgated by the U.S. Nuclear
Regulatory Commission in 10 CFR Part 60. Both the postclosure and preclosure
technical guidelines also specify conditions that would qualify and disqualify sites, as
well as conditions that would be considered favorable or potentially adverse.
Geochemical issues are rather vaguely defined in all these documents, however, and are
discounted in general compared with a site’s geological and, above all, hydrogeological
characteristics. A complex R&D program involving primarily management by private
contracting companies in cooperation with national laboratories was set up for three
sites identified by the DOE decision and evaluation process. Intense criticism of this
process by the public, the National Academy of Sciences and others lead to an
assessment of the MUA as an alternative approach. This assessment terminated with
amendment of the NWPA in 1987.

Remaining work on this task includes a review of the MUA and detailed reporting of

the results summarized above.

7.2 Technical factor based on information of the Uranium deposits.

The solubilities of ThO,(am) and UO,(am) calculated from the thermodynamic data in
thEh-12 Report appear more than two orders of magnitude higher for Th and more than
2 orders of magnitude lower for U compared to the values estimated from the behaviors
of these elements in nature. The thermodynamic data on other actinoid elements must

also be reevaluated.

An examination of recent experimental data on the dissolution kinetics of UO,(am)



suggests that the dissolution rates of radiogenic compounds in oxidized groundwaters
may be much slower than previously believed by most scientists. Therefore, oxidized
environments, as well as reduced environments, may be considered as possible sites for

underground repository sites.



8. Summary

A review by the specialist of geochemistry is taken by this research to confirm the
reliability of the evaluation technique about the geochemical phenomenon in the second
progress report. Then, in this study we have done necessary experimental research and
the geochemical calculation in order to enhance the reliability of the performance
assessment. And, we have researched about geochemistry technical factor of criteria for

disposal site selection in the foreign countries. Conclusion of this study are as follows;

(1) Technical review for geochemical model and data of the second progress report.

The thermodynamic database used by JNC in their model, especially those on
alumino silicate minerals, are obsolete. The thermodynamic data-set adopted by JNC
do not appear to include the recent thermodynamic data on important clay minerals.
According to the recent thermodynamic data, the equilibrium between kaolinite +
feldspar (albite, microcline), which is the key assumption in JNC's estimation of the

ratios of major cations (Na, K, Ca, Mg, H), is found to be an invalid assumption.

(2) Validity of the SRLP, FRLP and MRNP Groundwater Categories Based on an
Evaluation of Deep Groundwater Chemistry in Japan and Other Countries

The critically evaluated and corrected set of groundwater analyses discussed above

was evaluated using HCA/PCA. We have discussed about determine whether distinct

groundwater categories can be defined that are consistent with the chemistry of JNCs
SRLP, FRLP and MRNP groundwaters.

(3) Study on equilibrium and kinetic for redox reaction.
Kinetic approaches, rather than equilibrium approaches, will be more useful in the
estimating of groundwater chemistry in underground repository sites, and in the

repository performance assessments.

(4) Study on thermodynamic of Se
We have investigated Se solubility and solubility limiting solid phase of Se. In
previous study, Se solubility was limited by Se (cr). However, formation of
thermodynamically stable Fe-Se solid phase was suggested in 1998. From this
phenomenon, thermodynamically more stable FeSe, formation would be expected after
long time and it is very useful for HLW disposal system.

This study, we performed more solubility measurements and discussed. Especially,
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we examined on Se chemical spices, Se solid spices and aqueous characteristic (ph,

Eh).

(5) Study on degradation of engineered barrier material.

The bulk composition of Kunipia-F starting material was presented in the Second
and Third Progress Reports of this project. XRD analyses indicate that Kunipia-F
consists predominantly of di-octahedral smectite. ‘

Cation exchange capacity and acid-base titrations have been carried out on Kunipia-
F. The results of these characterisation techniques are summarised in this report. It
has been found that the cation exchange capacity (CEC) of Kunipia-F is approximately
122 meq/100g, as determined the Cu (EDA),** method described by Bergaya and Vayer
(1997).

(6) Indication of technical factor for site selection
An examination of recent experimental data on the dissolution kinetics of UO,(am)
suggests that the dissolution rates of radiogenic compounds in oxidized groundwater
may be much slower than previously believed by most scientists. Therefore, oxidized
environments, as well as reduced environments, may be considered as possible sites

for underground repository sites.
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