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Investigation of Diffusion Migration of Hydrogen Dissolved

in Bentonite Buffer Pore Water
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Kazuhiro Higuchix
Abstract

The aim of this investigation is to grasp the phenomena that hydrogen gas generated by
corrosion of carbon steel over-pack will be dissolved and migrated by diffusion through
pore of bentonite buffer materials.

To achieve this aim ,overseas and domestic typical measurement methods of diffusion of
dissolved hydrogen were surveyed based on bibliographies. The result of survey about
apparent diffusion coefficient shows the range of 1Xx10°t-1x10-9 m!/s.

Also,3-D numerical simulations were carried out using v -@ diffusion differential
equation to research which among diffusion parameters will influence the diffusion
migration .The result shows that in case of apparent diffusion coefficient:2x107!'m}/s
the criteria of gas accumulation around over-pack is gas genmeration rate:0.0181Nm‘/y.
Finally ,the conceptual design for diffusion measurement apparatus and measuring method
were produced for future experimental studies as the aim of measuring domestic

bentonite materials.

Work performed by Toyo Engineering Corporation under contract with Power Reactor and
Nuclear Fuel Development Corporation.
PNC Liaison :Isolation System Research Program (Hirohisa Ishikawa)

*Nuclear and Electric Power Engineering Dept.
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Sample

Code Total Density R D nRD Leak

length porosity (g.cm”) - (cm.s) (cmas™) (Nmls™h)

{cm} - il
H2IND 3.93 - - 2.0 59 x107 | 1.2 x10% 1.7x10°¢
H2IND2 114 0.403 2,014 172 | 42 x10°) 72 x 107 | 1.2x 104
H2IND3 1.17 0.416 1.993 6.1 1.6 x10% | 9.8 < 10¢ | 22x10%
H2IND4 - 1255 0.426 1.975 4.1 1.9 x10% | 7.7 2 10°¢ 1.6 x10%
HZIND3 4.365 0412 2.002 2.0 4.8 x10% | 9.7 x 10 0.9x10%
H2THRDI 3.975 _ 0.363 2.079 022 3.1x10% 6.9 x 107 0
H2THRD3 3.975 0.365 2.079 1.4 23x 107 1.7 x 10 o

7 AR BED 3 RIPRsE (diffusion accessible porosity)

R BIET 7 77 % —(retardation constant)

D :FH T DR E (apparent diffusion constant)

71 RD SR ERE
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BEFEKBAR
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(MEGAS-Project)
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Ry N4 b REE
BEAYLHR
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~y b4 RS

BEEAEAR

(In-Diffusion) STHIIL B

MEGAS-Project >, FFa b ;‘T:‘&'.ifﬁ
 BEARAZR

-

Sweden)

BEEANY T LHR
(Bibs £ o 1,US-DOE

~r b4 REHE
BEKBRAR
{Through-Dilfusion
(Clay Club)

I lT Dok IR R
~u A MRS
Giiaad BEKRAR
G OIBHEE  (Clay Club)

AP DI R

HiRERR

(Clay Club)

€ 1.1.8-1 EAEOIHBHREENIE
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(Through-Diffusion




1.2 AHRBITHRICELZHAE
1.2.1  BGS © A RBFTEHS (S.T.Horseman &)

(1) HRREAER

1 R BBHET 2 b HES Yolelay MXB0 <Y b4 M EBH I ) B HRICEME h
T3, SNICHRERVEREEZFAS®, BMICEWIRED S A BRSNS TDONT
Wao ARLLTAYYARANSNTN S, ERIZ20+0.2CO—FRBETTDRTY
%o
(i) BSAROLER (B6S %)

B 1.2.1-1 CHARRNEREOSKY ZF AER LTINS, SHIE 5 DOEMADS

b, BB

© =H#

e
WEEAL T L
EE -#@REYZXT A
R4 DAV E2—FeF—FREL RAF A
(a) HEPEELBSR

K 1.2.1-2(I)ICRTEAKSE. S16SSHOE -RBEASRTHY .,
T0MPa(714kg/cn'. BUFXXARICERIC WPa BT L 32 )OWENH 5. 4.90cn ¢ x4.90
cofe @ PR TERHE., HEEARGEZEN L XBEZHLET 38— (B
0.2m) THZIh., BESESSE)R -3 2724 V75 —(F4 X7HR) 2 ETFTHI

@ & 0

BELTW.
(b) WFEA, FE. HEESRF A

EAFRD AR CE A7 1800-500,D & ) — X2 Y ¥ YRy 7Ic & = Tl - |
EEND,
(¢) 42700 ¥a—% - F—SPESIF A

ISCORY 73y hO—5— ik RS22 L U P L E—FEH L. 2Ey FaYbP—a
— 5 NEN/HEF — Y EDPEEIND,



(ii) &35 1D0%E (ASCEE)

X1.2.1-2(2)ic 53 1 2OHRBEREETL TN D, THIEEE (smooth bored) DE
REHBEIPORD, LBRFEHIIT Y RI0—-VUr—(TEEEDFZALT)ERDT
Wdo 0-UV7RETHEAM VIREST, Fy iy i—2 L BRVERICHET %,
HEHBIESEF vy - CRET NS,

(i) FrV7v—vav

FTRTCOEHE v —RUBEEBR G Druck PTX-610 5> X I v ¥ EANTF

YYI7L—bERTWB, |
(iv) Sei#fE (BESEEM)

CORBTOv IR 2EBEONyFH)ICHITEND. FhbHE., FREOE#EE
FRIRBMUDEFVWEREERTHAMHS)TH 2. ST U v 7 OFHLEEREE 1.65
8Mg/m'. HS 7o w 7% 1.638 Mg/n' TH %,

(v) EXREPERHE

Bl Z L, MX80-3 X ASE T 0.934 OfEME. 0.634 DRI TH 5. WRERHT

TR 0.640, SBAIEI/DEAMUT2HUATOTRICEF LTS,
(vi) Y bF A bR—Z P OEHASCEERA)

ZakH 19Tt 223 £ 52, Volclay MBSO #5 LR L IRREEHKERBE L. THEA
—Z2 b EERLTNS, FO8B, RELOOBARALED T2, [ElE L DRI D,
ERFY T TCERHEDET2OL, EXM U EAWTTRASCHAZTN TN S,

(2) MHERE '
(i) FHREBEZEY
ELEVOFA FPOFEYARER R (average inter layer spacing)d (" iZZAKEEW
PHEETEDLIE LTS,
GRLETVEVDFA FORSBBRERIE. 90.96X10"'mTH S, Si=T700m /g,
v=0.7, 0.2808KLTHZOTHS MHELORES » =1.48X107"mTH D ,HS
HEoBa, 0.4 08Kk THZDOTS M=1.40X10"mE& LT3,
(i1) EHRNEEHEREA 7 4 )L b (average inter-stack water film)EZE
AR FHARERKZ « VA MdEKEPETRTNZELTNS,



MS#TDBE, gk 0.28THE2DTE F=4.3x10"me&ikb, 7 1IN AT
W0~14KGF—-+DPOEIE L, BSHLOHE 024 BEKETHZDTO [ =3.8X

100m&E LT3,
(3) BHETN
HRAFEARBROERZTF—Y (BBPOEEE) RROLSTHB L LTWB,

@
@

Q0 & ® @

®

EAhERRT—P

HRALy bV —-RUERMEE (pathway propagation) R 5—
TV =P ZAN—=RF—¥

BLE—IEABE

JEEHEIREAE (negative transient) 25—
EHEREBRF—Y

Fshut-ing /R

B2V EIRE

(4) HRTV—ZZAN—TL—0 2 N—EOE—2%58

(1)

MAERNT R FER (BESER)

EMWTTEEOHNATFTI MPEREN. FOOIHL4EHITESH X M) —(HBRRK

WERBEL)ERLTVWS, CO4BEDS 5 2 BIE(MX80-1 & MI80-4)ik. 7o w o {E

ROBHE LA ETCRBOMEET S &3 RS EER L. 210 2 B (MX80-
B L MX80-T)IZ BEICHRR BER LTV Do $i=. MES0-6 IX A THIC Joint #/ED. 2
DEEEATVND, £1.2.1-1ICHAIENRFTA—PERLTWS,

(a) MX80-1(7°pwy BGS2)

B9 1.2.1-3 12 HS(High Swelling)#5tZ AW =HEBr — X MX80-1 DEBRE X M)
—ZR LT WA, FREL 16.00MPa, HHIE 1.01MPa & L, fE> TELIGII 14.9
MPa & LTWB, ANOHEIEBMICEITTH S, MHBRMET, IXXLEER
3T ul/hr 2 LTnad, ZLTC, BELEHICLHEUEADR LR LTHWS, Ch
ELRUAZDFREBCLBINRAELRTH S, BREAIEN L1.8PaD < b
Vw27 arvyETCETLTNS,



(b) MX80-2(7 Dy’ BGS-2)
MX80-2 EiHI. HREY AT AAAPIWRBRBELPLEL TV,
(c) MX80~3(7°Dmy” BGS-2)
ZORKBE. BRISHMBER UREEU EF PRI ICRD, TOFER, MK
WEHROBERGADRE L THBICE 2722 LT3,
(d) Mx80-4(7°mvy BGS-2)
MIR0-4 HBZHWT, ZRRAF—VEREER LT3, EXOWSRETOY 7
RS AEMABRICETCAYy bz LT3,
© 27— MX80-4A

1.2.1-4 I MX80-4A DERL A M) —DE 1L XAF—VERLTWE, DT R
M GIXIHEIE 16.0MPa, TF 1.01MPa & LTW 3. 3, $ICEZ—FR L 7H
B35 u L/hr ez BAHAERBERELEEEOMI D DT RIIKEND
bbb, OB 14.22MPa OFHEHICEERFEERBRIESIS I LiCRD &
LT3,

Wio, HREAR 7HEEZC=0¢ L. BHAREHIE 2 OFEEAERE
YhoTnd, TOMEERAPITOT ) v /XY a2 PeofE 1 12.5MPafi X
TEINVTNWEILER LTS,

@ 27— MXB0-4B

MX80-4A D%, A UHMZBWTHEEE 18.0MPa ITHME ¥, FEHREZE
=, 375 u L/hr O —FRY THRFEEPIT T ZHHEKICEDE, shut-in
EToTn5A(EL.2.1-5), BEEHIZW13.2MPad < MY w7 XY I al &
TETLTWA,

@ RF— MX80-4C

MX80-4B 057 X P D%, HIEREZ 20.0MPa M ¥, HBEHERKEDOR, X7 —
U MI80-4B L BT A Z UL hREINTVWD (K1.2.1-6) o TRTDF XL
HUFHCRONZBDERALTH LD, HRAEOY—-Z7ROTEPVWEFDY T T

WA TCOHZEHED)SNWANRBEEFIR SN2,
@ 27— MX80-4D

LEREARIC, WERE 22.0MPa THA 2 VDL DEBENTND (K 1.2.1-7T) o
P—rBOEEFAFRED ULAMORT—VLERDRIIITHED. Z0HE LA



LT3,

(e) MX80-5(77my7 BGS6)

PSR 4.0MPa, B 1.0iMPa & LTERBILEMERBLEE LT3,

(f) MX80-6(7°mv) BGS6)
CORMMEATIVIA Y M EEORMTH Y. 200LAEHANESE LTY 3
1T FRERLERDTH S, BEIE—I 7 V—IANV—FF—HL, BEEL
FEOHZESICHMILS L THEEATH A EPRIN TS, E—0BOENE
TRIEPL, COTLDPLARBREDPTETVAILERETZL LTS, BE
REBTOBHF T ZE(Pgi-Pvo)id 6.82MPa & LT3, shut-in &R EDHTEL
9 4.00MPa ICHET 5 & LT3,

(g) MXB0-7(7°my? BGS6)

MX80-7 OB, MB0-6 LA TH 2DV af v MIFE LRVEREA VTN
2. BB Teflon THNTW 5,

shut-in BA#A%E 37 HRS CARE /X 5. 10MPa FTET L, &HIFOY hY w2 24
73avPeoid4.0MPaTHBE LTWB,

MX80-6 » MX80-T2HET 2L, ATV aA Y bEHEEMBLETCH-THHAE
FECEIRD okl LTS,

(ii) Y PFA MR- MOER (ASGEE)

—RiZ, ERCRREEFPSETCH 2, o7, ERF—YITBNTH 100%EHE
RIETERVY, AR (EER—ZI M) HPRECENLTWERESIPEF v I T B
& Skempton @ Bl % FfHi LT3, Ao AEICEN 2P LISoMaE, 3ESR
OEREZE=F—L. TXTOT=F—fHIZLD B=AP/AC,TB=1.0&RoL
LT3, Skempton FEMZoFEEELIcbBEHECE3 TR 6, ARz L
ST 100%EML TR BT3B,

(a) Z7—¥ ASG-1( o =0.84Pa)

ASG-1 R Cid. XY P FA IR MCH L TREAAICERH o, =0.8Pa #
WHEINTWVDE, COR, FEREBRVFEER—-5 254 XA 27ICBWT 0.5MPa
E—RBIZEYy PLTWS, EEXF—VORTRICEHRBRLLEE 5.361(-1TET L.
FHARERER 7 « V& —#(Pvi)TH 0.5Pa i b, FEICL~XT 0.094Pa
BERXEWELTW3,



(b) RF—¥ ASG-1A( o =1.54Pa)
BlEfgE, BEEAE L.SMPaE T LT TWS, EEICL Y EHRBKEIE 4.525(-)
EFTCET L. HATASERMVEDZ LS 75wy Lob, HRAES 450
L/hr(1.25X 1070 m3/S)pR Yy 7% W BETHLICRESIE TN S,

B 1.2.1-84F. x4 RE Pel, @ARGHEERY 7 TESS - T EBRE,
EH-BICBTHBWRECTOOER X MV —2RLTWNW5H, EEHEES TE]
Liddi RO TEHD) 2EKRLTN S,

FF. EHARERBRLC LR REER, FERERY6.5X10 m? /s TIRF
—ETHH., BEED 1.22MPa T—F & L TW3,

(c) RF—¥ ASG-1B( o =1.5MPa)

ZO%., FHEEHRES 4ABET0.5MPa T THDTE TN D, HRWLRE 71
NE Gk EBRDEZRDHRTCIS v VT, HAEREY 7EE 100 4
L/ar(2.78x 10" m?¥/S) C—EBEH LKL >TLEEEB TS, B 1.2.1-910K
REZA MY —BFLTWD, HRAEMBRLIZLREL, ZRICONTHBRES S LR L.
EEEREZED LTS,

(d),(e), (X, V¥—NERETFTE LTS, HABRRITRERDOTT LV —
2NV —BOHEBABOEAZLICL D, FAFhE-FHPHT2L3H5ELT
VB

(d) ZF— ASG-2A( o =2.T0MPa)

25 7% 2.70MPa £ TN BAFE. EECL VBN O FYBRLIE
3.426 T TET LT WDo HRELFIL 375 12 L/hr(1.042X 10 m3 /s)p—EHR > 7
EVEECL o TERIE TV S, BREI MR 1.2.1-10 KF LT3,

ASG-IA DA L AKIC, AREOLRICK Y ERRERERIIHDTEH, W
2.50MPa DIEN A ZAETCEREBEERAGLRY, HAMEIWRL TS, T=F—OD
ERMAKEZCOSTRCHENEZREBL. AXELAUEEOERER->TVS,

(e) RF— ASG-2B( o =2.70MPa)

750 4 L/hr(2.083% 10" m?/S)DENWEE CHREEBMER T2, JORRL
ZAMY)—ZR 1.2 1-1LITR LT3, §ExHH 2 EHS 2.50MPa(PT2 I THIRE) O kA
FrELL e, ZhUBARELRE BT RTOAFBABELNS VX7 12—
Y ERZHEBL TN S,



(5) wam
EENRY A FEEMOEHE, EBICHERIUTAS FREEHRLALLIRDTH S
LRSS N TN B,

Ry b FA MROENT £ VA

EVEVDOFA P OBRIEME. HS-batch(BIEEH) <Y MF 4 P T 1.40x 107 m,
MS-batch( fEftE )R> b T L.8X10'mTHbh, BE-HEZFBECLhTEY
EFEVOFA PEREAKSFLEPORDBIEDPHALLTHL L LTINS,

| Disjoining pressure

BNKZANLIZL>TRTOAE2DOHKEIBRREED, ZROBETIIRET
NB3EFNVEERET S L. SETOKERRUEED NNV I KECRERD, TOEN
#Z 7 disjoining pressure THAEZE LTV B,

FADINTZ X

L —-K—LORBK KA =X HZACO Laplacian EBETFid. disjoining pressure
OREFEITE L& L. disjoining pressure i3 LEREZHA I B EEICH 2 5,
Wi Laplacian E TSI EGSHEAEH D L LTS,

=i YA

MX-80 Z W= C DHIZE TR, RERKLZERICK o TERSAIEHET. TLA.
Bt O b IZEED disjoining pressure BEBTA L LTWB, ik, K& 3
o4 FRB IR FLOBREMEAICLIEDTHD L LTS,

EHEEEES

ARICAVWERY M FA MO JOBRER. RRF—FICEIHV TS, HS-
batch U MS-batch <> b F 4 P OEEERX. HERERUK FEO disjoining
pressure OFHEIZEFL . EERLRBEEEZE L. LTOXICEHREL T3,

£nh = BEE + ASKE(T—VE)

LOBRIBUTOERRBEREZEI LI TESZ L LTS,

" = EEE = EEE



HZ—KRAZZHROHHE
AEETTRE.,. EEETAHOBEBEFOAK—TAD A =R AMBRLFZUTOERICL
>2TEZX6ND,

Ye 3 AZANADOBIEEE, Y 3 KSKEBERAZERORERS

II, ; disjoining pressure o ; BN

Mp>ocDBHE. A=ZABRIEE(positive) DHIEZF L, #iLZ Vo> alRE (74
HHE. AORBKE) CH2L 022, TEAZTCRIORBEZEHAKELBOEEDOR
BIHDL LTS, =0 AZIAAAOWMBLFIHEBRARLRD, ThiZP s
Yarhp0LhiHEKEORETHILE LTS, I<oDEa. AZIXAXIZADH
BEE L, Chig~ry b A MEEM LB UERETHD, AABTREFERT
HUFIORETCH I, CORBREHAEL Y ERORMM LI RUEMESORETH 3
LT3,

HZEA

—ERABREHICBITIENMBLFONIOBERIT, FREAPABOKEHEEEZE
ErCBIANTITETH DL LTVWE, BLWEREBEICEBINERY M A MEIRER
BEHEEZFE>CLEFHIZTI, ThCHETZ2ARERAIEAEDPLETCHS L LTS,

HZ B DR

HREE (TRbbHMNER) ORER. UV TATANVFORDHAREAI AN FD
BMENT VA LELERETHEE LTS,

H BB LHmBICHBITBERGHIE. KOBRBUSERBEICEFLVWELTWS, BI
S OEAIZ. Bo ESERDIGHAREISKSFEEBVWVETEEARBBICHER TS
. BRMEEISFEBEINZ DR, BEICHT27oy b, EEOEMHFERTIEL,
IOBEEDPAKR-ZLE (TRDBE-I0E) BROMERIFREICRSEL TS,

HRBBEORR L HE

mﬁﬁm\ﬁ%t%(@ﬂm%%&%ﬂTétb;ﬁwéﬂmmﬁﬁﬁfﬁx—mﬂ:
AHRERBRT 2D, —BEROZRNVEDIBETHI L LTS, BWMNER (2



Sw7) BELZORRE., BEOTATINVF LRETRNVFEO/NZ L AT oTHh
FahdelLThd,

BEOWEs 7y 7 BT IHRRETIFE. AREBE BEERBILZZARERO
MNBRHOBHMNN RN ZB>THNDITHADI L LTV 5,

222V - OROMEICESITE., BRELFENLRINWEOBERREMS R
BAHHAE LT A—FTHD, CRKESEXY M4 M HOARBFEBORL 2
OBREARBEOBERNBERZE(ILNTEL L LTS,

# 2 BRI
HANBRDIBRVWHFITE. ENARY MFA MIARCH L TTEEBETCHL L LTS,
—FH. NP POAREEREE. BB RIBROEPHEBOSH. ANCEAR
BOEARUBNBROBIKETZE LTS, foTARY M1 FOHAEBHEIXZ
hPETA2PHEVS LV TEBRECREIREETRTCHI L LTS,
BESNEZHZEREE. 2FNCEERLITRTHIDNIERICEERTETS S
ELTNBe Ry MHA MBI A HRAFZBRBIFFEIRET 05, ZO/5 Y FidK
WEHHETHIE LTS, HS-batch #h1id 16MPa I T o sRE. 1.01MPa OB E. EFHE
EHETC2TRULIXI0CdCH b, MS-batch ¥Lid 8 K~ 9MPa LI F DHHE,
1.01MPa DEE, EREBLXETT2.2RTL.IXI0V dTH B, Zhbid HS-batch K+
B U MS-batch #5 L DAKDEE (EX) EBHEE 0.6 B 1.I1X107" of L HEET 5 L KEW
LT3, '

AZXBRD) )V
1§ﬁxﬁﬁbtﬁﬂtﬁﬁﬁxﬁ%ﬁ15%\7v4&zw—Em%@@ﬁﬂﬁ®E
ACHEBLTELLAEIL, COCLPHBRBREBESCHABLTVWRNIEZTRLTWS,
BESEFNVICRIE, AREEE T Y, BR(Critical )Threshold E2 TEIZ &, ZME
WIE DG ZERIERERACK > THENMTICEE L. BTERITERRSZEONIZS
L. AARNEFELEL. Chdsshuit-in ZHFHOYHARERTH I L LTNWB, —A.
EARADOEAZ LR LEIT 2 L KR@RIETCEERATTCEMEICERE L. Bi5RAMHIE
THRIELELoTHRBRBPEELERINSE LTWa,

shuit-in WD HIBEMEBICRWESCE., XA FCHBBMLELFIOND M.
HZ2OMBEERDPARZ L 2GE. BIBEPCHALPOEERZEBTHES DI OVWTIER



ETHTH B L. YVasfr FOFRC DWW IAHRERERERICERZIRVI AL, &
EMIH 2 B47EE (Potential Flow Pathway)iZBAZE XN TWBE & LT W5,
HABEBD D DOHR/NEFES

HBFOAREHEN shuit-in RO EER (APTOT IV wIRY I 3) 2F
F2&EF, AABTRELRVWELTWS, T OffIEMS-batch #itiZ>WT I1~

14MPa, MS-batch ¥ Lic oW T MPa T h . BEELBZEEEFLRVE LT3,
HRBEDFE

ASG(HI A B REAR )V E B BT 2HBERE. FROBTEHIFHERN, BRENTH D,
NY I FA P ROAROERFBOTCARECH L L BT LTS, COFBE LA
OHAUBIEECHBRTH . HABFTOLDOZANFILREATOHIOERKICL
S>THELINED, THEROKRICHEFATE L LT3,

EFVT
HRABAERH, Y—2%0%H, shit-inBHHITZET) 2OV TRERAFET
HBHLLTVWE, EEEHLASHEEROMOKLOGR(BROBER)VPSROMED
BEANBEO—DOTHILLTND,



1.2.2 GAMBIT Club @A ZXBAFHF(W.R. Rodwell 5)

(1) BLoic

COWEOHMIE, BALEEERY FF A FFOARBHEET IV —FEF
NOFEFEFEE ( GAMBIT Club 704 5 4 Phase 1) ORHATH 2, TOEFT NI
BGS:Horseman & Harrington(ll# HH ¢ 33 )(1997)0OKBHERER—-IIZ LT3,

%iﬁﬂkﬁbf\EﬁEMi@ﬁZEﬁﬁﬁT%%?%0Dﬁ§w$>ﬁ%§fﬁ2
BADEEZREL DV, BEHEI S I/ F vy — A B X LT E T HERBRMETT
J(gas pathway propagation model)ZBHRE L T\ 3,

Post-breakthrough CilEBHREAFFHL LTWE D, ZORERI 777 F v —HREO
HEREDICLZ2BOTHZ L LT D,

HAZREDHHZ S0 F ¥ —OF—T7 = TELUTFETCET LEBA. 27y Z7iEHL,
ERREIE ORI EPEERMEEHERTHEINR TN S,

L L. BIToBEEIoEHERIEATERVEAR. TRARADPHIENLUTIT
BOoTHMMLTCWEPSTHY, TOTLBISvIEEORBNENIZv I ZEALS
fERzm LoD, HHEEEHEER LEGANLBEHOELRETERT) Y IABEHELIRL
TEALEBROLEEERTE LTINS, |

CORFLE DT, BRAFECLIL-ETIL, EBERCESWTT 4 v 717
THIERLDERNFMEAIGETH DL LT B,

(i) GAMBIT Club "—Z ¥ av 7OBE
GAMBIT Club " —2 ¥ 3w 7eid. HHIC kK »TERBRIhEF—F¥E23I2)V—}T
D TR BEBAF - HRRARHEERMHA S (Tanal 5. 1997 o2&
5 FES Pusch 5 (1983 ) DHECDEFNVERIZOVWTH, HFRLLTWB, T3l
ORBEER LTS,
© ZHOBREEBFEBRINIEE. ZHR 120Xy M —-Z2ROPERRE, D
BOERROEEZ O THIONP?

@ BEERE. BROOHETRETIOPESI2?

Q@ HIKNTFHEMTOHZEROIAZH LI — (EFD) FEDLSCHEENS
D7



@ HAEROMWIELFBHOBRIZESIBR2DH?

(2) EBT—F OkE

ZCTCik,. HHIZE3ERTF— ¥ 2AVWEEFVHAROEOOREZEATNS,
(1) EERETOHREBHRICHEL T 2EEE

HHickhif, AZRFEFREEZ0.1x10d & 2.9X10 " CTH B M. TOEIER
RORFEPT A I NVITKELTNWD, BYBWRETT V- IAN—E€ D55, 1.3
X100 d~2.9x 100 b, XY bFA PHOBEARZBREIT IX10* dTH
LZEFTML TN S0

F=& Zi 1.7 najor seni-axis(FHOEFEEIIE. HHICK - THRINEE
BLEREORA D75 0Fvy—0EAET 0 F v — NI —ICHLENETHEE—
BT2LLTW3B, /-, ERESATORNENT Z7F v —FABTREDEHITHK
FET5ZLE2T LT3,

(ii) 7v—o2AN—LHEBHRDEHR

3EHBTIT, WEREL LTS8 ,9 ,16MPa2{ERZTE. V-V AN—EEI\EED
+0.2MPa THo L LT3, 51, HRADPBEER UV ZNVICEATINEZRCHAR
BEAHTEHMRIBHAOELLDENWE L, HXZ Y M) —IWHEELULTCHo7ZE L

TWB, SO, WRERZLTAEAZRZY VY —ERERTEH, WHEELRUCER
BTCERLIBEELDDPRDENE LTS,

18 ,20 ,22MPa OIFHELRAETTIX. 7L —2 ANV—HEiL 16.4 ,18.0 ,18.94Pa T
D, ZOMD I DOERTIE, >—ADPBELED. TORIAIE=HWRERTH
E=HEE+MPa THo & LT3,

HAZY Y- Lo THUTWRESPE &5 REEBRMERETLVLEZLILH L.
- AHZEIEEEMTORICIEERHFE LS LI REFNVIZLRITAERS R E LT
3o TROISREFNDBEZIBNDZE LTINS,

O EABMEZEOKLOZUI )V —TREETNEER TS, RICEREE, 757F
y—ER7ODERICBWTEFRODLORVWHDOBBRHAINILEDSH D, X
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Schematic of the BGS contrblied flow-fate gas migration apparatus. The five main
components are: (a} a specimen assembly, (b} a pressure vessel together with its asgociated control
equipment, (c) a iluid injection system, {d) asbackpressure-system and {e) a microcomputer-based data

acquisition system.
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Ca End

sch::\;-_-—-—-_ closure

Gascha — _ _ _ Pressure
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Injection
end-cap
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disc locking ring

Copper/Teflon

[
Sampl sheath

Back
pressure
end-cap

Viton 'C'-ring—

Nickel __—""

tubing

Confining fluid

Confining
pressure port

Schematic of the pressure vessel and sample assembly. The pressure vessel is a
custom-buiil single closure vessel rated to 70 MPa. The cylindrical clay specimen is
sandwiched between two tapered end-caps, each with a sintered stainless porous disc, and
jacketed in a thin-walled copper sheath to exclude confining fluid and prevent diffusional
losses of gas. The injection end-cap has a central inflow duct and a circular groove cut into its
load-bearing surface and linked to an outfiow duct, allowing the gas 1o sweep radially through
the porous disc during preliminary flushing operations.
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Schematic of the ASG apparétus. THe benlonite paste is placedin the lower
¢hamber. The upper chamber can be pressurised with water sothat piston exerts a known
total strass on the clay. Top and bottom drainage filters allow the material to consolidate.
The central or "source” filter is used for gas injection.
embedded in the clay and linked to transducers to provida measuremenis ol porewaler

Confining
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Stainless
steel
piston

Pressure
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paste
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Four additional-filters are

pressure. The remaining filter Is Intended to act as a "sink” for gas migration.
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R121-1 BSEBI LRSS A

Pumping rate, C Excess gas pressure (MPay Conf.

Test. pLhe! | mis? | Entry | Break: Peak | Steady- | pressure

to'z | through sate | (MPa)

Mx80-1 375 11042 } 1346 | 1492 | 15.17 | 1394 | 1600

_ o 0 - - - 11.8 | 16.00

Mix80-2 375 171042 - 1>15.05 - - 16.00
Mx20-3 375 1042 - |>717.05 - . 16.00 |

MxB04A 375 [T1042 | [5.19 | 15.19 | 1530 | 1422 T 7600

. 0. 0, -] - - 125 | 16.00

- 375 | 1042 | - - 1425 | 1411 | 16.00

180 | s00 | - L. - 13.64 { 16.00

%0 jaso |- | - 13.27 | 16.00

At s | - - 1291 | 16.00

- 0 0 S S - 1.0 | 16.00

Mx804B | 375 | 1042 | - 1537 | 1578 | 1547 | 18.00

- o:|. 0 . - - 132 | 18.00

MxB04C | 375 1042 | - - 17.01 | 17.01 § 16.01 | 20.00

1T~ 0. 0o | - - - 13.0 | 2000

Mz804D [ 375 | 1042 | . 1991 1 17.95 | 16.79 | 22.00

0 0 - -0 - 4.1 | 22.00

Mx380-3 375 1042 - > 8.83 - - B.00

Mx80-6t | 375 | 104.2 - 7.04 | 704 | 692 | 8.00

0. 0 . - - =40 | 8.00

375 | 1042 - 684 | 687 | 679 | B.00

180 | $50.0 - - . 6.71 8.00

%0 25.0 . - - 6.64 8.00

45 12.5 - - - 6.56 | B8.00

: 0 0 - - . =40 | 8.00

Mx80-7 375 1 10421 653 |7 694 | 6.9 | 6.93 8.00

o 375 | 1042 - 7.89 | 792 | 7.89 | 9.00

375 | 104.2 - 8.0 8.02 | 798 | 9.00

180 | s0.0 - - - 7.87 9.00

90 25.0 - - - 7.80 | 9.00

45 12.5 . - - 1.71 9.00

0 0 . - - =40 | 9.00

1 signifies that the specimen contained 2 labrication joint,

Gasinjection results showing lest number, gas pumping rale {C}, eXCess gas
pressure alentry, breakthrough, peakand steady-slale, where Ihe latler quantity for zero
llow-rate (C=0) is the exirapolated asymplote of tha "shul-in® curve, relerred lo here as
as lhe "apparent malric suclion”. The rather lengthy Iransient in some lests make
extrapolation problernatic, leading lo uncertainties in quanlilying this parametar.



Flow rate (m3.s-1) at STP

3.0E-08 - - 16.0
2.5E-08. - + 150
2,0E-08 140 E
Excess gas pressure ! =
o
i
. 3
1.5E-08 ﬂ - 13.0 Z’-,
g
- ‘ C=0 :n—
. &
1.08-08 - Flow rate —L‘lZ.O a
into system - S
. L8
[t}
5.0E-09 | Flaw rate gut of core L 11.0
0‘0E+00 T T T T T T T T T T T 10.0

7.9E+05 41.0E+06 1.2E+06 1.48+06 1.6E+05 1.9E+06 2.1E+06 2.3E+06 2.5E+06 27E+06 2.9E+06 3.2E+06

Elapsed time (s)

[
i

Experimental historyMx80-1 (Block BGS 2} an HS-batch clay with an average dry density of 1.6

38 Mg.ar3 and a swelling

pressure close to 15 MPa. Exudss ‘gas pressure {Pgi*Pwe} and vofumetric flow rates (STP) into the testing system and out of the
specimen plotted against elapsed time. The peak pressure respanse is probably indicative of the propagation of micrecracks.
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2.56-08 - ‘ - 160

- ' F 15.5
2.0E-08 . 150
o - Flow rate _ : - 14.5
~ inla system C=375
[73]
® 1.5E-08 A : \ - 14.0
— Excess gas pressure
o
o = 13.5
E
[}
w 1.0E-08 - ~ 13.0
= C=0
=
2 - 12.5
LINS
S.0E-09 - 12.0
Flow rate out of core
\ k115
0.0E+00 r . . r . . — 1.0

0.0E+00 3.68+05 7.2E+0§ 1.1E+06 1.4E+05 1.8E+06 2.2E+06 2.58~-06
: Elapsed time (s)

Experimenial histary Mx80-4A Pard 1 (Block BGS 2) on HS-batch clay with an average dry density of 1.638 Mg.m-? and a
_swelling pressure clase to 15 MPa, Excess gas pressure {pg-pwe) and volumetric flow rates (STP) info the testing systerm and out of the
specimen plotted against elapsed time,
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Excess gas pressure {MPa)



2.5E-08

] 16.0
r
- 15.5
2.0E-08 o
Flow rate : ~ 15.0
o into system
“‘u‘, Excess gas pressure
= 1.5E-08 \ - 14,5
@
E L 14.0
:3 1.0E-08 -
i - 13.5
z
2
1N
- 13.0
5.0E-09
- -0 Flow rate out of core
- 12.5
0.0E+00 . . y . - . - . 12.0

0.0E+00

2.7E+05 S.4E+D5

B.1E+05

1.1E+06 1.3E+06
Elapsed time (s)

1.6E+06

1.9E+06

2.2E+06

,B : - Exper‘imental history Mx80-4B {Block BGS 2) on HS-batch clay with an average dry density of 1.638 Mg.m-3. The
Lon rung pressire is 18 MPa, Excess gas pressure (pgi-pwe) and volumetric flow rates (STP) into the testing system and out of the
specimen plotted against elapsed time.

X 1.2.1-5 MX80-4B 0XBER(FERK L HELBHATRENDREKR) .
5.0E-08 - - 18.0
4.5E-08 " L 17.0
4.0E-08 4 -
- 16.0
3.5E-08 4 Excess gas pressure
Q.
n L 150
+ 3.0E-08 -
Ly
P - 14.0
2 258408 4
E
3 .
o 1.56-08 -
i N - 12.0
Flow rate oul of core
1.0E-CE8
Flow rate L 10
5.06-09 into system
0.0E+00 T . — r . ; 1 10.0
0.0E+00 2.7E+05 5.4E+05 8.1E+05 1.1E+06 1.3E+06 1,6E+06 1.9E+06
Efapsed time (s}
The

Experimental history MxB0-4C (Biock BGS 2) on HS-batch clay with an average dry density of 1.638 Mg.m-.

canfining pressure is 20 MPa.  Excess gas pressure (Pgi-Pwo) and valumetric flow rates ($TP) into the testing system and out of the
specimen platted against elapsed time.
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5.0B-08 -
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0.0E+00 1 Y . : = ; : 10.0
0.0E+00 2.7TE+0S 5A4E+05 B.1E+05 1.1E+06 1.4E+406 1.8E+06 2.1E+06
. Elapsed time (s)
AT - Experimental history Mx80-4D (Block B8GS 2} on HS-batch clay with an average dry density of 1.638 Mg.m-=. The

confining pressure is 22 MPa. Excess gas pressure (Pgi-Pwo) and volumetric flow rates {STP) into the testing system and out of the -
specimen plotted against elapsed time,
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Pressure(MPa)

4

Pressure(MPa)

1.40 - ' - 7.0E-11

Bl Consolidation flow rate
1.35 4 /
: - 6.0E-11
1,30 ' ' C=450 | C=0
30 4 } A7 -
1.25 - ’ | L 5.0E-11
1.20 4 v ‘
L 4.0E-11
1.15 o
Parewater pressine
{PT4 - injection plane}  3.0E-11
1.10 4 ’ : ’
105 _ 2,061
1.00 - Absolute gas pressure
- 1.0E-11
0.95 -
0.90 . . . : . . T : 0.0E+00
B.1E+05 6.2E+05 B.2E+05 6.3E+05 B4E+DS 6.5E+05 6.6E+05 6.TE+05 B.75+05

Elapsed timae {s)

Experimental history ASG-1A on bentonite paste showing absalute gas pressure, pg, the consalidation rate monitored by
the axial stress-control pump, and the pore pressure at one of the internal monitaring filters (PT4), The vertical stress on the bentonite
is 1.5 MPa, :

: = sEn - 2.0E10
1 12.1-8  ASG-1A ORBRER (AR L R EH L EFHHEE OBR) '
: o O L 25810
30 A
K . p ] @
(] i | 2.08.10
111} i o
125 Porewaler prassure v !
{PT4 - injection plane)
15810
u‘lm
1.20 o i H
Absolute gas pressure L 10810
113 =
Py =100 ' IH - 5.0E-11
Consolidation flow rate
1.10 . . r - . r . A~ 0.0E-3
A.5E-035 . +.8E~05 E1E+0S T.IE+05 B.EE+05 9.8E-05 1.1E~08 1.26-06 1AE-05

Elapsed time (s)

Experimental history ASG-1B on bentanite paste showing absolute gas pressure, pg, the consolidation rate monitared by the
axial stress-contral pump, and the pore pressure at one of the intemal monitoring fiters. The vertical stress on the bentonite is 1.5 MPa.
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~ 4.0E-11

3.60 -
. :
3.40 ] -
--2.0E-11
Consalidation flow rate
320 J Consta.nl.pathway
difation 0.0E+00
4 —
‘300 - '5,
~ o
< L 2.0E-11 E
* ]
QJ e
; B Parewater pressure - 4.0E-11 5
@ . 280 - =
. 8 : =]
: > 3
A . I 5.0E-11 @
240 - 5
! Q
- 1
220 - -8.0E-11
Absolute gas pressa;e v
2.00 T T T Tt T T T =T Y T -1.0E-10
0.0E+00 1.2E+05 24E+D5 3.EE+053, . 4.8E+05 6.0E+05 7.2E+05 8.4E+05 2B6E+05 1.1E+06
= AwE .
. T Elapsed time {s)
#13.°¢ I. - Experimental history ASG-2A an bentonite paste showing absolute gas pressure, pg, the consoclidation rate monitored by the

, axial strass-controf pump, and the pore pressure at one of the intemal monitoring filters. The vertical stress on the bentonite is 2.7 MPa.

12,110 ASG-2A DRERE R (SHER & R EH & EHEEOBEE)

3.00 - 1.0E-10
- Absolute gas pressure
2.90°
L - 5.0E-11
2.80 i N y
_ 0.0E+Q0
. 270 Y
. 1 260 b= -5.08-11
Y [l Consolidation
- Porewater flow rate
prassure
, % 2.50 A C3Ts : - -1.0E-10
z - C#375
=
c:t,:r 2,40 e
. a N - -1.5€-10
g .
fa W 2.30 4
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210 |- -2.58-10
C=750
2.00 T T T . . r . e -3.0E-10
1.78-':04 J.2E+05 B.1E+05 9.1E+05 1.2E+08 1.5E+06 1.8E+06 2,1E+06 2.4E+06

283, Elapsed time (s)

S " - Experimental history ASG-2B on bentonite paste showing absolute gas pressure, pg;, the consalidation rate monitored by the
axial stress-cantrol pump, and the pore pressure at one of the internal monitoring filters. The vertical stress on the bentonite is 2.7 MPa.
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Possible arrangement of fractures normal to flow direction
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/ Advance

Schematic of propagating Griffith crack
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Eluted Flux=0.0181(Nm3/yr.)
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Cumulative H2 Gas Quantity(m3)
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Eluted Flux of H2(Nm3/yr.)

0.30

0.20

0.10

0.00

e
Calculation Number
12
1,2
e 13
— - —— —— > - i 10
3,11
o === o e== e == ° 45614
o & i -y 7,8,9,15
W‘F‘r‘l’m‘rr"i"r’hnm* T T
1.00 10.00 100.00 1000.00 10000.00 100000.00
o Elasped Years
H2 Generating Ratio(Nm3/yr.) Da(m2/s) Thickness of Bentonite(m)
Red 2.7 e 2e-10 S 0.9
Green 0.27 — 2e-11 0.33
Blue 0.027 T NS 26-12
Black 0.057

Change of Eluted Flux of H2

(2.3.2-1 E#EAETFEDHZBROZRZEL




Cumulative H2 Gas Quantity (m3)

150000.00 —

Calculation Number
/4,7
— 1
100000.00 —
50000.00 —
5,8,10
2
0.00 T B
’ 10000.00 30000.00 50000.00
0.00 20000.00 40000.00
Elasped Years
H2 Generating Ratio(Nm3/yr.) Da(m2/s) Thickness of Bentonite(m)
Red 2.7 2e-10 — 0.98
Green 0.27 — - —  2e-11 0.33
Blue 0.027 - - - - 2e-12
Black 0.057

Change of Cumulative Redidual H2 Gas Quantity around Overpack

(No Accumulation in Case of 3,11,12 and 13)

€2.3.2-2 F—5—%y ZEDKERSIhDAHRBERBEL(ZD L)




Cumulative H2 Gas Quantity(m3)

60.00 —

40.00 —

20.00 —

0.00
0.00 100.00 200.00
Elasped Years
H2 Gererating Ratio{Nm3Ar.)
Red 2.7 Da(m2is) Thicknes= of Bertorita(m)
Graen 027 210 0.8
Blue 0.027 = T 0.33
Blzok 0.057 .

Change of Cummulative Redidual H2 Gas Quantity around Overpack
to 200 Years after Disposal

(No Accumulation in Case of 3,6,11,12 and 13)
[ 2.3.2-3 A —/5—/%3w 2 LIS EBRE NS A 2 EREREL(Z0 2)
3.,11,12,13 ¥ — R HZADERD R,




EA(MPa)

10

3 ABEM O 2 AFIMER TR LR
© 8T OB E) % PIRERIMES TR LI R
10 : kB ikt o0 251 % R FIRS ¢ R LA X (L=1. 95m)

1L 4Bk D %6 W) % JE A TR € 7R L 72 R(L=T7. 0m) .-

——(3").
=== (6")
(10"
— - (..

1 L L ! N . ) ,

1000 1500 2000 2500 3000 3500 4000 . 4500
HALHER(mM3)
®2.3.3-1 A—/S—/ty 2 LB BET 2 R OE 5
(E=4.0x10'g/cn’, v=0.4,%)Jlmﬂqﬁsmjj(J]ﬁ;’,ﬂ;g,rj—:).—_;;gkg/cm:)
CTOETE, FILERE)T 1 SEREIHE LT 500ms BHEN2 L, COEHNAR
£ 1.3MPa =% D 0 H 4.0MPa &MU 5.3MPa 2525 & LERT.

5000



3 HEERTFEOBRM RUTBERE

HEAEOCEBRBRAF R VI 2V -V a v BRBEREHEA T, BEKETIDAENE
NCHMBTHIZ EZFRE LEBELVERTFHEICOWTHRE T L LHIT. "M FA b
RICBI2BERKETAOBBGREERE T2 200 REEOBSRIEER L 2.

TTTR, XTI~ 2 MK BV T TRERN % #E T MESRHE T TO Through-
Diffusion ¥iZBED 2 BRI 2R Lo

EHIT, SIHMKEBNWT, HREPHEFEREBECLVAEREEZIRE - BaELL>D
Through-Diffusion $k & ¢ In-Diffusion EDPETREREE I DWW TH BRI ERET L.

3.1 BHGRRRE OB SR |
Through-Diffusion HiIT LB +rFA4 M ENE L LEBENIHEHEARIIONWT,
WTRERG T CARTHRLEEZREB IS OVWTRAT 2.
AREHEEIBLEZTHOLEEL LT3,
O HABPYVAX:7.6mdpX#0.5cmE
@ ® KB ZR(EZE25C)
FRESN REH10mEY
NIZA—F 2RO IGEOHBRRMEITHROLITH .
SHBY(4 X T.6cmd xX0.5enELLE
B @ E (RTEREEEERE(HIZE60C)
FRES EFER100 miEs
CORBEKBZ4EFEOHBBRERFLEL RS,
SHEE L
EWRA (MTREBARET) P27 4
THA CETRERAEET) Y74
KFRBH Y 25 I
R 0.1ppb TH B,

Ht
@

-

® ©@ ® & A ® ® ©

3.2 HEHBROFHE L
X 3.2-1 iIZBEFKEHNAALHAREBOBREINEZ R T, 2V AT 2K 3.2-2IZFR T,
COIAFPENT—ITENW 20D FZ A 7HH B H. T TIEE3I.2-1 0 & 351z 38 KA



T TCOHBERITHERI P RNF - DWW THRE Lz,
RAEFIEE FRICRT. |

1. 10CTEBRLEHE, BRIV —TRUEZ 4 NFIITRY M1 bR EEA, FT
SEQUBREE (MY A DOBE 1.8g/cn's ~¥ b4 M/EMESE T0/30 OB
l.6g/en® ) ECHEMT S0 T, HWRAEERREET 32O R ) — I L > CHBRIE
2T,

2. AF7HNY -l ELY FT B,

3. BRHEEHEZTNRT .

4. ZO%®, UFKEEEZBKCENZMERENT 2,

5. TRAEHZOKT 2. o |

6. LﬁﬂEﬁ%mmkwummmﬂtb\—E%ﬁ?%ﬁb\ﬁmé%éo

7. HeNVOKEZRELT S,

8. LHAGKRYTZz—FEWRE—FICEY FT 2,

9. KEJENRTEEY ML, EHNICTHRAR Y 7 CHET 3,



3.3 WEEICINT BB OTE L AHEDMRET

WD & S N DB RO:DI. RONHIEHRRCFIX N 2EE LR
RRIE DRLSSREI OWMET & KT 2.

Z < Cld. Through-Diffusion H:&0F In-Diffusion IS ORIENTRECHARELAHEL T
B0, SRR CILEEERRL TS, o |

3.3.1 FEb~hEokEt

7.6cm @ x0.5cm Hip 23T 1. 0cn EOFREAWNIL. MEGAS Project OFERFHEH SIEE
T35 13 BHD 20 HOFERHRICBWT 2.4 fEORETHIETRELE X bhi,

X 3.3.1-1 CidEESEEEoRES, 3.3.1-2 ITid. EEEERRT, i #£3.3.1-1
id. B —R(FE)ERT,

ZHEFTIT, B 3.3.1-3 iZid Megas Project THMEE M- HEEERT—F ICESE, 100 B
5yl %Téﬁ’%?kiﬁ R&ET Uize

3.3.2 BHTEDRE]

KA ZDBRHYTEE. BRI T 28 ICH LT, 7B M2 74—t XD
HHNEFRINRRIEZ IR E T 5. JORBOBEII MBI Th2, FEEESICH
FEzE 2REAEIHNE, ZORAERESTT230LT 2,

3.3.3 IEEoBEt

FREERT 2 O ERASROREARE S TS U, — R TSR
E(FiNY M1 MT L8/, HBVERY M1 N RERRAL T0/30 ¢ L.6g/on') £ TE
L. SBEEET 3o

BAEEIL, SERHTR TSR M N TR dke/cn' LODRTED . SO S
SB v 7 MCTREEERT 2508 T 3,

3.3.4 BEENVOWME - TEOKET
£)V A L)V B OREITDWTHET L. 72 U IWEASSCHE 20m, A4S 7200l BEY L.



3.3.5 bZ AL BEFIEDEET
TRODMTEEGRT Lo

(1) FEphL

(2) 722257 OkET

(3) BEFIORER

(4) R5—>—DFE

(b) BE—%E
HEFBEE LTTREDLIIHFR 6N D,
@ HApoHE
@ oty +
@ HERDOHEZIEL
@ FRlOtE(FEs» L HERPTS)
® FRlOtF(HEroEEENTS)
® VA &e)VB OBERENERE(RGERER)ICEY b
@ KFEOLEE
TEGERORA
@ ERy TV



3.4 F L &

SEBE L ERRREBOBSRUNEFRIC L o T, MSBRLOEEM <> b F 4
PRMBERRL UCHRERRENET S LT, R T THE LEL BN S,

LALERD S, COBSD5S 3.1 HiRY 3.2 HiThAEMEFRIHE VAT E LT
BEGAREBCEL T 2EASBHTEREOTHAT DS, SRREESEREL 2D R
FEBELTOMEIR hbAE BB,

TRRHLT, b UEHREISHREACRESARO I L EWIRE T3R5I, BE -
ESEISSCHERIOLEZION, 33HTHEAHREMEFES AV NEIFH O
HMEERTEZLEI0N%, BT, WHPHPIX M EBET 2L COBBTHRATE
MTHD, REELBROWECHLEBETHELEL SN, ]

Tl BERYAXCo0nTE, AT E2ER T.6cn, X 0.5cm~1.0cniEE L L=,
Z 3 MEGAS Project CTEMEI N TWAER YA X(EZE 4.9cn. EX 1.1~4.4cn)iz ik
LT, BUEOME L BERGHINRTE3 L H L 5N 5,

WEELEIC, ERCAET B0 HE> TREBLNAHBEAT, HELrEWNEES
BT AHEERETILENH B, ZO0RDICEIIHCAS - BAREYMAREES A
WEREFSHENTHS LEZ SN, ARROFCHEREDY 7 MY 27— 2B DE T
RRDBESHBEELBND,



PR EE (A5 1) TR EE (P 1)

\l/” \LH :/.jt"‘x.')“7
N / ‘
. N // }
BECHRAE | — - = e
-~ T ' — —
: —Fﬁiﬁﬂﬂz_jj-g-]- . ) .J:ﬁfﬂlﬂﬁ:.j]%f
(__'_/ \\\: J—

N\ MR — T E

' 3.9-1  LIGURBLSRET (k)



Vacuum
Pump ] z

—

|—EE§J
Fraction
Callector

Qverburden System

f
— r
I i (RE2Y —
Hydrogen Injection
$ $ Metering Pump L___]
Hydrogen

e ‘%’

[3.2-2 HBERERERE (e 1EOBEY T L)




FRICTION
COLLICTOR

> [ II VICUUM FUNP ‘I
—— -’
ST
3 —

LT

[

e T TV
T
e

M
—. :
b4

NYDROCIN INJICTION
MNEYERING FUNF

LT

HYDROGXK

X 3.2-3

'%ﬂﬁﬁﬁﬁ%ﬁ(ﬁﬁtWSMQ%QVXib)




9 200 M mm
ﬁ sl = I

FYeF—B ‘ TY—F—A

g | ve|*TTTT AT V10 |gm

= = 5%
|5 o |

i ! .
T O O O A T T R O T nrmum]Fﬂ]]]I@lIﬂ ENAEENBOD

SARIIAN /AN FERNFE
R SRS NN ~
/v B \\\\& §\Q9'U 77 e A

NNAS

7/

\\{ NN ) ZR t\\\\ Q] FHBRA—=R
\ o Wi

o

NSNS N

NN REES
N\ \

I FEF7Et

T O O T O O T L T A T T T

f—_-.

Ve V7. V8 . @@
T T = .
i
K
Ry~
! Av 4
- V3
vz il B s
‘[V4 \ R
LN AANN
1{3»% NV A
S
NN
SR
%3:;’/ T wsmioss
(DR —
el
3

i\gzq\\\\\

_ Ry MRS RPRESE
GEBRET VI —

-
A\

HRE

@3.3-1 ERMEEARRER



~— 69 —

FHE ——| i
o . 1 —/ l | g Pr
! H G o E:I[ .
117 1 )V —Kekk iR ;f);o Dy ;
S 2 —0 1)
i \\ﬁ ;L{ S1=00)vy i iy
LT —-——T.""__ —— |
A e ]
: i £, ____.‘D_é 3 If"\:r\e.?’_i%_ __m______-_ —(h g
g | ' g._- . \\L_‘;., —(g 2
= ] L
,.. Lis = — } \ l /
— i = ] m
. rwg ! 1 W, T ewn
e ' /T
JEEE%F 4 R ;:_Ei}
Vg ] CTT Y % =
20 | 10 NN 75 \Aih 2
12 I L2 —-t \ ]
R 219 Y — e
TR T
RUMZE -

X 3.3-2

Tﬁ?%iﬂiﬁ'\ %{%ﬁ@ﬁﬁﬁﬁgﬁgi_




£3.3.1-1 HFFJr—2R(F) _

g —2 inli SR WIREE

e Tac O5mE | 10mE | 1.6g/cu3 | L.8g/cu3
(RoomTm) | (High) (Small) (Thick) (Light) (Dense)

C1-RSL o O )

C2-RIL o o) O

C3-RSD o) o

CA-RTD O 0 O

05-HSL o) O e

C6-HIL o) O O

C7-HSD O o) o

C8-HID ) o) O

C9-BIL5 o)

C10-BTH5 o

CLI-RSDPR | O o) O

C12-HSDPR o) O ~|o

SH|T1 2 —3

O —RACHAT A3 ~

CL~C8 1> o b/RbEIHRALE 100/0

CO~101E75 V57X b

CLI~CI2 {E<> b oA M RVERIRAR 10/30(F 7Y 3 )




cc/100 BERS

KEHZZHE

1.00E+05

1.00E+04

1.00E+03

1.00E+02

—_—

.00E+01

—

.00E+00

—h

.00E-01

—

.00E-02

—k

.00E-03

—

.00E-04

—

.00E-05

SEZ0 4RI

~u A M RER

BFEKRFBH R

(In-Diffusion)

% 3.3-3

Megas Project TDHlERRT & HEthk i

ERILBRE
ATt
YBFEKFEA R
(Through-Diffusion)




4 SHORE

BEMICE, 3.1~3.28Icd~ 7 THRBEERS) 2Ahid. Through diffusion ¥
i© & B TR ARG T COSMIRENE S AR HS RT3 2 LA TE B, 21,
HA 4 XEEETHT L GWRETH D, MAY 257 AEDOBEAES REBIHED 5
B4 OMERNATIETS ), ZOL> B TREERT CONENERTS S,

L Lihis, TH2RIRDE L) KEBEESNEKATRREI S BEARA R
HORBERET 2B D, 2,000 FHETORS NMRRTAY b4 FEFEEH
HOBYT—5 015 YR EESETNE, $TERNRREMTTO MHLLHRRSE
Bl EAVTKS OMEEEIET 3B 5 HNCAEOBNRARLTNSLEL 505,

TIT REEA S ORBOWEE MR, 3.3 MCHBAL THBERER ) OB -
FREDVTHRACRE L. C0&> HERREORSE. 5505 EBETONT
RS & B BHOBEERHILTE 3 L X 5 A5,

COMBREEHHBRREEZAVWSILICXD, TREOLIREBCDWTES 3BRERM
FeRE - RESTETHES LER 5N 5.

O BHAECEBEOEFOWE - BTORBEORE SRR
@ HRRECHAREOBEKRORPE o BEM OB LES 25
® HRRBEILREEOCBHROAE - FEM OB TR ORDED % RS

o, BRERY M A PRMBENEL LEAIRT -2 2H0WT, 2V A7 LEF
WEBBRUERS I 2V —va v 2ERT 588 HD. £/, THOBIEINEILNS,
@ WTFREEGTTOXRY FFA FOBEHRBITOWTREL, POBERSR2ERE
LAEBBYI2V—Ya @iF2ERETAI8 0. HAXREICIBLT )=y 7
ENXVPFA POBRROERTCOHRBRIIOWTHRET 5,
HADERE /1% K
@ EBEEINEAFZE -EZ2HEHL. XV b FA  OTV—2 ANV—FE L OHE % ER
THILTKRRARABHORIETHHALBTOFEORERIBET 2,
LHEBTOTSEE LR
® ARBERIIOVTERER. BEUEEGEIP OARETTCORAERAEEISKRDT
WA Y, KEEEPEN LR LA ReEEETEAZZE LB 2 EHT 2,
RENAZARERRUVEE RS



SH R

1) S.T.Horseman et al,Study of Gas Migration in MX80 Buffer Bentonite:BGS,Natural
Environment Research Council,Feh.(1997)

2) WZR.Rodwell et al,Specification for a Model of Gas Migration in Compacted
Bentonite:AEA Report,Jun.(1997)

3) G.Volckaert, M.Put, L.Ortiz, P.De Canniere, S.Horseman, J.Harrington, V.Fioravante,
M.Impey, K.Worgan, MEGAS modelling and experiments on gas migration in repository
host rocks : Proc. Progress Meeting of PEGASUS Project, Commission of European

Communities, Luxembourg (1993)

4) G.Volckaert, L.Ortiz, P.De Canniere, M.Put, S.Horseman, J.Harrington, V. Fioravante,
M.Impey, , MEGAS modelling and experiments on gas migration in repository host
rocks : Final report - Phasel:European Commission (1995) '

5) LNeretnieks, Diffusivities of Some Constituents in Compacted Wet Bentonite Clay and
the Impact on Radionuclide Migration in the Buffer : Nucl. Technol, 71, pp.458~470 (1985)

6) K.J.Worgan, Scoping calculations for gas dissolution, diffusion and water expulsion in a
LALW repository : Intera Sciences Report linebreak I, Version 2, pp.1904~7 (1990)

7 G.N.Pandey, M.R.Tek, L.Katz, Diffusion of fluids through porous media with
implications in petroleum geology : American Association of Petroleum Geologists Bulletin,
58, pp.291~303 (1974)

8 Krooss,B.M, Schaefer,R.G, Experimental measurements of the diffusion parameters of
light hydrocarbons in water-saturated sedimentary rocks-I, A new experimental

procedure : Org. Geochem, 11(3), pp.193~199 (1987)

9) BHRERERFEEH AEGLALEETYEVDFA b TO He OBTEEBEAREFHESR
F1996 FDEL 3 P653(1996)

10) ByAfF - HRNPEIR B R MBASMERBORN LR F£E

11) R.S.Wikramaratna et al,A Preliminary Assessment of Gas Migration from the
Copper/Steel Canister:AEA-D&W-0872



12) W.R.Rodwell et al.,Mechanism and Modelling of Gas Migration from Deep Radioactive
Waste Repositories:AEA-D&R-0115

13) OECD/NEA,water gas and solute movement through argillaceous media:Clay
Club(1995) '

14) Roel Nottrot und Constant Sadee:Abklung homogenen isotropen Gesteins um eine
zylindrische Strecke durch Wetter von konstanter Temperatur:GLUCKAUF-
FORSCHUNGSHEFTE,27 Jahrgang H.4, August,pp.193-200(1966)

15) ILCTHE A, B E A AT T8 2 B A NS, P25(1977)
16) A BBGE, Wik pa3(1991)

17) FNE, B4+ EEER % :p105(1988)





