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SUMMARY
Hiroyasu Takase*, Akio Nakayasu*

Following the result of the study in financial year 1994, we further extended the methodology based
upon the idea of "generalized diffusion equation". This methodology is aiming to treat quantitatively
the uncertainty arising from all the major sources in the performance assessment such as;

- scenarios,

- models,

- parameters,
in a unified fashion. The model we developed last year was limited to;

- single nuclide (no decay chain),

- instantaneous equilibrium assumption of all the mass partmomng, e.g., dissolution/

precipitation, sorption, and colloid formation.

Thus we extended the model in this financial year to cover the effects of;

- 3-member decay chain,

- glass dissolution coupled with the transport and reactions of silica,

- congruent dissolution of radioactive elements,

- kinetic dissolution/precipitation of both stable and meta stable solid species,

- formation and dissociation of true colloid,

- linear and reversible trap of true colloid such as sorption,

- irreversible trap of colloid such as aggregation,

- change of metastable solid phase to stable phase (crystallization),

- co-precipitation of silica and iron, and its effects on glass dissolution behaviour.
Furthermore, we incorporated the shadow functions representing the effects of evolving

environmental conditions upon the performance parameters such as solubility of radioactive elements.
We developed the shadow functions of following three levels adding complexity in order;

1) evolution of spatially constant environment,

2) spatial variation of time-invariant environment,

3) formation of spatial patterns in environmental conditions and their evolution.
The methodology described above was implemented into SPADE ( a general DAE solver) and was
tested for various combinations of scenarios, models and parameters for nuclide migration in EBS
and also for a number of environmental evolutions such as;

- growth of the oxidizing plume due to radiolysis,

- perturbation to the nearfield hydrology caused by sea-level change,

- intrusion of oxidizing near-surface water to the nearfield due to uplift and erosion,

- intrusion of oxidizing near-surface water to the nearfield due to seismic pumping.
Based upon these examples, the applicability of the methodology to the performance assessment has
been confirmed.

In order to put our way forward and to utilize the methodology fully in the performance assessment
of EBS, it is necessary;
- to incorporate multiple decay chains and solubility sharing,
- to couple this methodology with a formal scenario development approach such as Top-down
method, Bottom-up method and their combinations so that the selection of scenarios and
models could be more scientifically defensible.

* Nuclear & Advanced Technology Division, JGC Corporation
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B FNFNEBLUAREr—2AZ0&, AETHXI-FRIKICEEIDEGAE 2 €
TBZEIZE>TETFMEETV, FEEERL =,

3.24 O04 KER - 1T -
3.21.1 ¥I—ZE¥ERURLEEROEGH
1230 RARRIZ, T2 TR NV VOBENIZHED EEAEENORENEVIRE
TEPMIELSNMNIEOIDS RZBEBUVTETMERTH>I LTS, EFNVELT
3. MAREEN—ERERSENE R okE., Ih EOEE FRMISETHEEOS HITY
A4 RIZBETEEDEEREL. 20104 REFOO TR L BIE - By - Tk
CRE. IHLICEIEREN IO RERO OO TRIE: FTE - 72158 OBEEH OB D
FREEL R ERLAELDERERLTE, ZOETNIBWTIE, A —FTHEIIRORILES
éméo

o
D,
a = $, (0 < C<Rf ¢ g05a)
. C - Rf C* (5)
Dissorv €+ Deotoia 1+Tr
= C » (R €50 < C).
LH- b\

C*eolivid ; T H 1 RERDOOWMEEREDOTE
Deolioid ; 2131 FOILBARE
Tr; BEIN-204 REBITUEER D1 R DL
B
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o)
1
* C Rfcco]lmd (7)
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ETHRERMEE FTHICERT S L VS MRE SR A RBENLEFN £ ERT S, =
DEEIIE. ¥ —EROERZELE<ALTHEN, RSEEEEERYFUAND
BLERBIEHBBREL RS, ThDL, WP LERERAORISEE LT, £ASF
U A 2TV B EE OEBEFER [TIA T, 304 REHEC X 5 R v
A5 U 72 B R qggregation % BV ORI EHT 3.

Raggrcgalion = !'I'aggregatiun (C -Rf c;ol!oid )H[C —-Rf C:olloid] . (8)
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FHUTDOWT, BEERT —RITH1T) 5 BBILE FIEE $3(10,100) X T©0.1,1) (F—AA -1,
A-3) 2EBIRL, ZHIZNATa041 RERD TFIREE (C* o) ® BEEMHEDBMREE D2 H
ZW0NEI0fE2 L, MBI NA204 REBITHRER 301 NDH(T) 2 BHFEHOZEO S
 EMEE R (L X HBEAKD110H D WE110012 82 LD I UTEEE 8 r—ADMH %
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¥, 304 REEIZOVTIR, EROS BT —AF22 ICH U T\ Paggregation =01 &
T1EWHI -0 —AREEL., ZHIZOWTHEMMICEIT*ERL -,
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a0+ ROEEFPREFRBL — A (BEEBEEMEL J01 FEROTREN /N
WED) Tld, J04 RRAINVTOERIZES>THFEELTEY), ZDkd, BEFEEO
BREBEERAETIOA, REROTIREBEE—ETHY, T/ TEHRTEZEHOWT
MEWBARIZH B ETTEHRINTVWS, &8, Am-241, RUU233 iIZ2WVWTIRWITHh
D —AZBWTHEMEEENR IO FEROADOTREEICESY, f>Taoq KN
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BEBSLZL, WTFREERTr —ALLOERIIAERETIERY, UL, B - mBRD
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4 RiEES FREL, EXr—2L VL RASHIBREEVNpOR ASERHENER I H
TOBUIZDWTIRTHLA) . /4, 204 FEROTREEIZOWTIE, EREHE
EDIfEE UEr—AL)E2EL LAEr— A0 EERERIIREL, IO ki
EVEVEATMORE N SBATRER IO/ REBELZBEOHFFIDA ROBEL K
. BEADEBVRENIEERLTWS, /4, 20 FIIHTI8E - TEORE
FBIZDOWTi, RO 20T OfE (R/10, RURI100) TIERAEREENK L7
BR-oTWd, &P, J04 RER - BITORENBEREVF22R2IZ8WVWT, 3EED
TS5 N —=DBENTWEN, Zh5EBKREWVWEIZ, 1) D3AEPIINpD IOA RBEFE
TEEMETOEERE., 2) WA3ABPIIEZEMDIMBIELET HRETOEFIRE,
EU3) pB3AMPIZIIREMOBOANBEET 2L TOEERE, 22 EFhin
THREDLEZADLND,

Te-9UZ DN Tk, BRI —AIZBWVWTEBRA BRI, 1 VAV M BEERRKEVO
I U TRBEIZNEL, BENIZEHEMERIBENREVWEGFLE>T WS, o
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T, 204 RER - BITE2ELL0THOr —RAZBVWTH+TSLREOIT A RAERX
B DI, RREERHEEITI03 moliyriwaste &, RIDEEDORZFVWEERTI—2 (C-1)
*13EE. RIEEEDOBVWEEY—2 (C3) 2HA4RELRSZEDL >TSS, £
oo TITIRAETOIOA Ryr—AIZBWT, 204 FBEAINY) 7RI FEET %4
TOEFEREPERINTEY. Tr® c*olioid &V 27513 F A —Z DR KR EADRE
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PE., 204 FOBE - B¥LRE*EX-004 RERXEFNVIZLSBERIFOEERE
2X3.2.13-1IZF DB,

ERUZAZEFNVIZHLUT, REWNIZ, 204 FEEIZI 3R LEREROE %
DANSEFNVT, EEF22 IZ2WTOERMBH 21T o RN, K3.2.13-1TH 3,
I Tl Maggregation 201X T10E LAWTHD T —RITEWTEH, HERERIIEE
r—ALFEREIIHALNTWVWS, 2F), BEZEHDOEREFRBEDX A LA r—IV T2
O4 REEIZIBZMMBIPEL. THBATFEL2I0A REZEOAI=ALE UTHET
ENE 204 RHEOEBRIEGLB ML LD MEEENHE I LIZRS,

3.2.28 - FMAFRHEE
3.2.21 ¥ I-ZEHRURIEEEDIEER

8 - r4 BREFEIL, CHETOTr —ATREFREINTVESR S =4 1 (LSO
BMEERY ANHTHY, ZITR, rA1RBIIDODWTTENTZF AV AIZMATE D
R AEZBRZ21T5. #-oT,. 43I —ZFERURBEEEDOEMATII3.1.1IZRAR
HEDER—THD, FI{IEERIIODVWTOBHRELRINEEER L 2RETI I LIzL-
THEZITH I HBERETH B,

3.2.2.2 EHEE

A —ATlE WBEETHIR>THIABREREFETHSC-135 2/H L LTER
7—f(#4&ﬁ®ﬁﬁﬁﬁ0)a\:nuﬁTéﬁEﬁM®k@®6¢—zoﬁM&
1T-o7=,

3.223 #R
REROBEREEYX3.2.23-112F L HE, WThOr—2Ts, EEr—2AnbLDER
ME1IHURTHY, & - HEPEUALLUTEFORBRIFELYAZLRLOLITIRL Y
WI ENRENAE, Zhid. KEFTREL TWAH S5 ABLEOBEEE DEEENZ
ETEREL, FAESOMBHEERIOTIXEICHEERHARE, 221, H5AEE
Dy A FREENTS ABREEADE—ENEZE L RBIFEIZIIBENMET ULk
HBEEDLEILND, TIT, F1{LBORBHEEER 21002 L2 —A (FEN
T7 AV IDBREEER 2T NTHI0RTI0L LTWS) DERE2IT-74~, UL
L. 2IZTH, EEFr—ANLOMHEEOEINIBEELRLOTIERY, Ik, BFHIC
BEINEERr —ADH S ABMREEKr H3, Cs-135 D1 R M) ERBEOEME
HVMITHBEZLERLTWAEEZLND,

3.23 #Rib
3.2.3.1 ¥ I —ZEHRURILEEERDREFN

Kr—2ATld, —HEZFEHL LUTHRBLUABEEDY, 208BHICBTERTI L 2<E
Bz (BE-EHEOZELLLT) BREHAANLEETIEELLEEX., EFMEET-
Feo T WBHAIOBREESIZEARAr—ALL£<FAUTHD LD, ¥I—-LTHOKR
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BEEy —ATEILEDIZMATEZER? b EZEHENDE/LEER ysulisation & AT D
BIZEELUTHEITZ1To 7=

R )HIS mclastable] . (9)

crystalisation = u’crystalization (S metastuble
L.
Herystalisation 3 HEEiZonwTo E#ﬁﬁ'i
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FEZEMA L LTk, ERX7r—ZAIZBWTHBE - MBEEDOLEIE N —AA-3 &R
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REELUEVEE L TRASKRES, JhE, Ehr —XATRERZHENATNY 7
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T, b ERB LU 2 —ATIIEREHANAIAHAIIZEEANLELTHE I LIZL-T
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4. BERGEFELICODWTORERN

BTN BEBITEHERII OVWTORERITIIG ZRE. BREBTOELLE (&=
T 74— R) OFREEEN. REHZVIZERNII—ETRBRVRAEEERL T, £1E
DBEHEEMEEABAIN) THLOGERERICEORRFZEE RIELEBINIIOVWTE
Eﬁ*ﬁ%%ﬁﬁ L/f:.o

I I TORBNTE. BEBTEFIAKRESTT—A, THhOLLILIIRBRZED%
AnwaIrrdd, £k BEBITNRSA—ADOS>LRLEERNFVLEEI LN G
BIrEH+TAIL2 LT, BRELHETIBESETH 2 TAIMEE, FIZTOBLE
REEE O UTHESESLOBEBLRFTEI L UA, TOBENEZERTL-0O
T3, FORREUT, BBRETOMRTRIEERME L, ZHITHRT S REETRDE
RELBRETDEIILENHETHS,

9. B b T ARO(EZEREE L U T3, King #¥([King and Chapman, 1994] D5 % &
EZr UT, BREAENBOAKREMEGETER & LEFHIZH S synthetic RAKDIK 2 H
B 7, HER{LPEHEIIBWTHERE UATEREMBOEMY A P %K1 112, &z,
EQ3/61— KiZ, SUPCRTF—# /X— A[Johnson et al., 1992] % & L TIT o /T KR
DEHFERYRI2IZZT L DL, T/, BIFHKLTIIRIE. Am,Np, KTU &L, T
N5 IZDOWTHATCHES F— & A—Z Y HARPHRQ I1— ROMASHE TEZEH., BT
REMOBREXBERUEER2RIIT LD S,

B EDHROTIZIT o B ONBELEREUTIIE L DB, LB, BREEELE{ILDS
A& LTI

1) REZE{bDA

2) ERARIEEDA

3) BEUZERMLEL

YWNH 3ODL AT OWTIRIZRE 2T o7/, £/, ThLDREFEE(LIZOZ, BE
EEREBICHERL RIZ, H2OBREFHEMIETMETLOTII RS, 5IEEBIZH
ATHAIEMEIONE -V 2 BBENIMES D WIZREOBEKL UTREATLEI L

(Shadow BI%0) 124V, BEBTIIRUVEIHEOEHELAZI L2 EENITAN T L
W7 TO—F%w{Eo 7=,

2 4-1 B{b: Dsynthetic water OHERILZRHERE D 7= DIZRE L 2=gi D) A 1
(RBEES DFE P& Rk 2 285F)
albite
microcline
calcite
phlogopite
muscovite
quartz
magnetite
hematite

pyrite
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F42EQ3/6124 D ﬁﬂ?#%ﬁﬂ%%

HEDEDHD BECC) 10
BEEMNE Eh (v) +0.6
log fcoz (bars) -3.5
ck (mol/l) 1.0 E-3
BHER pH 9.6
Na+ (mol/I) 5.0 E-2
K+ (mol/1) 24 E-5
Ca2+(mol/l) 8.8 E-6
Mg2+ (mol/1) 8.5 E-6
AYOH)4 (mol/]) 7.4 E-8
H4SiO4 (mol/l) 3.4E-4
Fe2+ (mol/l) 23 E-6
Fe3+ (mol/l) 8.7E-12
HCO5- (mol/1) 4.1E-2
T TR GECOREL. BILEBKEDRE L ke, BEREL <,
‘i43¥@ﬁ&&#6ﬂ%§ii@wmmm&@kﬁﬂ?*nﬁiéﬁﬁﬁ
pIvE B ERIIREEME EAr—2T0 | BB ARIINS
VAR (mol/m3) 2 YAFRFE (mol/m3)
Am Am(OH)CO; 630 E-5 6.30 E-5
Np Np(OH)4 ; ¥ E 5.50 E-6 4.95 E-1
NpO, ; ZEH 2.00 E-9 2.20 E-4
’ U U0, amy ; T 3.90 E-2 1
U0, (o ; Z5EHE 3.90 E-7 I

4.1 ZENIC—BLRERGFOBEAELLICL I EE
::@ﬁ,ﬁﬁ%umaﬁk#aﬁﬁ%@m%@tbf,

- SRR X B iR Kkpe DZE.

- HEKERMIZ X =T 7 14— RAKEDOE(E

- B - BRIZ L DHI T Kpe DEAL

2L UABHZT5, IHH5OVTHOERIZOVWTE, =7 71—V FRODORSEEE

AL BEREFEE L ELEDOLEALNSGHN, ZTITE, HHOE—-L VLT, &
3, ERENL—RRERELBTICKY, =T 71 VR RARIIELETIRE0
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BEIYRETAIILLTD, 1B, MERFEE2LEDLEN (LAL3) IZD2WTIE,
43125 L DB,

4.1.1 HEHESBICE 3T Kpe OEL

(1) Shadow BAEKDERE

IOy —ATl H5ABULGERO a SR L ST RKOBH B LR TEBLK
BEMBEIIHBRINE I LITI VAN THPABEESHAR L k5 2 L2 BB L TR
Wt AL DEREANDE E % Shadow B L L TREA TS, BREORBE(L2 REAT
% Shadow B & U Tid. HEEEDOMREITEWTIERL &,

sz
W, =exp|- e 1)
)
HU.
W, ., = l{[i +arcsin(sin ETE-!——7}:— }
(1) . 2 T 2

w BEDZ A LR —I  (yD)

T; Z{bDOAH (yr)
ZHWT, UT2RET S,
¢y = (1_\yua})c:ed + W, Co (2)
EN N
C*red; AT —A (BEFHR) TOBME
C*ox ;s RABAMES (BMLEFHEER) TOBRE

F 7. BEHESRIIOWTIE, BEHMIZELZED TR, —BeEXLNEZ L
Mo, —AHOBEOAZEZ, DBREFERYFVALALUEE R TIEOLEEL
Joo TR —&i3, BMEBLGBIIEL LTEETIBRLELBHO afHERETH S
Am-2410EBEIZEB L, T=1000, £7/-. w3200, 100, 50, 2504 r—A%HEL /=,
ENRS A =R ETOREEGENEUOBEE ORBEAME/L 2 L L TR4.1L.1-1IZRT,

(2) fRwREME

iy — AL UTIE. BEBTCHEUTRLRBREDREVSS A—ZTHo7/=5MW - Ik
FOEE (3.8H) OFEWESLBWES, RUXALAAY—IVEDOBEBRTEELRIZLE
LR EMNELEETHIBELTDUVIO THEIBEDENTNIZOVT, DX A L
A=k (1) IZBRE4BEEEELAEEGEN67r —AIIDWTIEEIT 2 ERL /-,

(3) #R
BUHBERFEEFIIHTVWI0IE, B - MBRIDEEPKE S AOSRAHL FEENL
r—2AH-1 THY, Np-237RUU-233 OmAMERIIZNENSHET I ERL T
5, Zhid. HEBHAEDPMEDL OIS ABIUEEEICEE T S BEME TERZEM
DOEEREL. IHNREFELSRIZLSBIEEFHKOERDAOII—BIIBITHTI L
REREEZZbLNS, ZHUIHLT, B - MBRISEEQ/NIWr—AH-3, RUHA4 T
. AU 7THOEBHMOENELNTE Y L OoBBHEOEEL NS WEDITEERr—
AN OOMEROEINIZEETIIR, /4, H-1 LRUBR - IBRIGEE TR
21102 L= —AH-2 Tl H1 ILERTEEBITHEL E-> TRR VB OEME
RENDADIZH- 1 IFEEEREZBIIR LRV,
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perturbation to U02(c) solubility
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BINDAOITH- 1 IFERERFLREBRR LN,

4.1.2 3 BKEETHICLZ =77 41—V RKKEOZEIL
(1) ShadowBE¥oD=

IO —ATIE, ERYTINEICAME LU TWAEH, ERKELRIZEVIERER
OHEEANL T2 8ILD, DEAGNOHTARE (R —ATIE 1mdyr) HE
BHNZIZ0E B e wELZ, OBRREEPGELES LAUKHN]1 O FERABETRHRYIE
XhBdZ e 2BELTEN T o7/, TOBRBE(LR2EZZI &IZLY, #wRANMAEL
TWBEIZW 2 AIZIER T 2 EVPE TLS S B AT E] - 7 BRI REHE P M 1T
HANDTRER 2 EEMITRN T LM REL R B,

WAEABREIZOWVWTIL 411 AUCERERAEYOEZHAWT. BLTFTORREREORME
LTRERTS,

Q) = (I_thl)qinland + ¥ Dseabea 3)
L.
Qintang ; AT — A (HBEH]) TOWSAEBHRE
Useabed » wAREAITODS ;}iﬁﬁﬁ

NS5 A= LTk T=1054E2 L. w%20,000, 10,000, 5,000, 2,500 (O 4 r—ZAR5ET
5L, HETHDDAEREDRREEIL 2 K4.1.2-11ZR7,

(2) ERiRst

B - IEBRBEEOREFVEEENIVEEDTNTNIZOWVWT, (1) THREULE
4 ODEBEALNRR— 2 B ER ST —ADB 21T > 7,

(3) ¥R
(2) IZBAREEZE T —AZDOWTAINU T PRLOBERHREEH UABR, At
AHNBERNZER T S BOBEMNLRREEOERIINTIOS —ATEROLNEY, R
REDTRBNI EABbhoT,

4.1.3 i - BRICE 3 TRpeDZE(L
(1) Shadow BIZXDHRTE
TITER BE-BRIZIVY A MNP BRLICHRIX h, RICEHIET 2 WREE 2 B
L. MEEEOBEKBIZE 2 -BENLIRLIZZT 74—V RETFRPEbEAN 2 EEL
EEED, BENREEADEEIDVTER21To/k. BE - BREE L LTI,
Shimizu % [Shimizu et al., 1992] #&# & L T0.1m/ 1000yrs L RET S, D F V) 10005 EM
T1000m DEENSEL, BESVPETRRINILWVORAEBETII L RS,

IOBEDBRBEOBMEIL2Q ATREATLEIILEL, NFA—HLLTT=2 x107
yrs. 7z, w¥k 106, 5x105,2.5x105, 1 .25x105, 6.25x104, 3 .125x105& D 6 F— A% £ X
By U, WibT 2¥8EEDShadow BEE (U OF) % E4.1.3-11TR7,

(2) MM

(1) 2R 7w 0 6 BEDMEERE L 7 BF 1 2 75 —ADBH & 1T > 7=,
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(3) #&E

Np-237 (DWW T, WINDOHEEIZOBEREROE — 7 23106 molyr IZELTH Y,
BIE MBRISBEEDOREVERY —2ZA-1 L ERZ LHAFTOLEEMNEDLNE, &
- BROBEICE, ASBEPMRIZERTARETORKNN) THEREFWZEIID
WTRESHETERWI ML, AINY THOOBERHEEIIRE I HIZREORHK
H5T-oTRKE, 22T, EMbEH 7~V 106 mollyr& W 5 BRERHERIZ,  L2EE 40000
AEEZDE, BREFELUT24x1 7Bg/yr TG L. FXEI 2 EERZAIIIKE
38x1 BBm¥yr CHERTII L 2BETI L, ZORORBKEERIZL 2 I BRI
1.8x 104mSviyr BE L 7225,

F, UAEPHRICEHNUABEONp, ROUDREED, | FLNITSTHERKIC
BHUALLRETD L, HinT 58N KERIZES#IE<BREIX Np-237iZ2o0 Tl w
>25x 105, U233 I22W Tl w >125x105 L\ o B BEETHIESIZIIE
HERHIRFET S REEREIL L2 HIE< £ BRBED0.0l mSviyr L AIEEUTTHS
M, B TARADOZILSHFIEFRI0m O ABICH E 3 BSITEER LB RVWEIX
KDL EOHMEENIRE TOITURERD I VS 2 ehbhrok,

M ED, BT EOAEZEEBBLE N — AL OWTOREMFT OME LY M4.1-112F &
H3,

4.2 RENIC—ELRESREOMEKRFEIC L 28
4.2.1 B{ETRIBAIC & 21T Kpe ZELOEE

I T REFREZCOMNERFHIZEB L, 412332, FRAL 2SR L TH
BERRME /NS A — A FICHEREAUEOCEB L UTRAULZEOBEK (LIV2) %217o
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