JINC Td8400 2002-021

ATINY T2 BV B B—7K-it 71 B R B FH AT 7E

CRRR#EHD1 7 )V BRASERRRE EHERBEE)

2002422 A3

st MM



FEEHOEHELI—HEEE - 4 - BRT 55483, TRiBEWabE<ET N,

T319-1184  RIRRIIERRHMEH AFH A 4 ZFith 49
BIRER 1 7 )V B SR
BeifrRBAEE Bt JIaR

Inguiries about copyright and reproduction should be addressed to:
Technical Cooperation Section,
Technology Management Division,
Japan Nuclear Cycle Development Institute
4-49 Muramatsu, Tokai-mura, Naka-gun, Ibaraki, 319-1184
Japan

© HREY 2 IVBIF#HE (Japan Nuclear Cycle Development Institute)
2002




JNC TJ8400 2002-021
2002 4F 2 A

AINY 7B B B—K-n 1B RS EFHE T
(kBRI 7 VAR RBRRRED)

Fof IEF#
mE Et
T

C23 =

B L ROVBEHEBESEY ORBANIT B W T, BT I NBEEMRICE. A5ER,. EREPSO
ZEE, HITAROBE. BIEEH S OESEEMOBEE L Vo RERBENEHE T EEX5
N5, COLIBATINY PRHCRETIESEHELTMET S &1, Bflichi 5045
DREGBHOMAEEL2E52250L LTEERAFO—D EH L 5N5E, BRLERS
(DECOVALEX) VX AT/XY 7 BilIC BV % #—7k-Ib HER RS OB B L UFHEE T )V ORI DE
ELUTHASEORENSEL TWEHOTHY . FOBITBWTHTI— ROZLEEFET
BLEDBI. BELEFR- TN ZLIIERERT ETHDEELEN5, £ T, DECOVALEX
BWTHEELR-o TWABEEICHL, BREERL 2. .
Fi. EEMENSE LERK-BAEREN TR, 2oRESEEEMEY 5FEL L TRD
BT 22y VOBIC E bR NEBRERZET 2 EFINE INETRRHLTER, ZOEFIVK
£ 5 I NFTOREREOBTEME CTREREREEZ T IRBBERSEKRETETVRRWN. €I T,
FrEREFNOEAZRSS., I TH. FABEESOET IEEEEHEL. TOETN
DFHT I~ RADOHAAARICEL TR 2o 7.

AEEET, B EIEMN. RS 7 L BB & OBEIERMAIC L D BB L IIRRRC
HT3bDTHD.
o 2 VR N s B S TIERRE Y — SRR AN FHEERESN—T

= R




JNC TJ8400 2002-021
FEBRUARY, 2002

Research on Evaluation of Coupled Thermo-Hydro-Mechanical Behavior
in the Engineered Barrier
(Document Prepared by Other Institute, Based on the Contract)

Masakazu Chijimatsu*
Kiyoshi Amemiya*
Ryo Yamashita*

Abstract

After emplacement of the engineered barrier system (EBS), it is expected that the near-field
environment will be impacted by phenomena such as heat dissipation by conduction and other heat transfe:
mechanisms, infiltration of groundwater from the surrounding rock in to the engineered barrier system,
stress imposed by the overburden pressure and generation of swelling pressure in the buffer due fo water
infiltration. In order to recognize and evaluate these coupled thermo-hydra-mechanical (THM) phenomena,
it is necessary to make a confidence of the mathematical models and computer codes. Evaluating these
coupled THM phenomena is important in order to clarify the initial transient behavior of the EBS within
the near field. DECOVALEX pioject is an international co-operative project for the DEvelopment of
COubled models and their VALidation against EXperiments in nuclear waste isolation and it is
significance to participate this project and to apply the code for the validation, Therefore, we tried to apply
the developed numerical code against the subjects of DECOVALEX.

In the above numerical code, swelling pheﬁomenon is modeled as the function of water potential.

However it does not evaluate the experiment results enough. Then, we try to apply the new model.

‘Work performed by Hazama Corporation under contact with Japan Nuclear Cycle Development Institute (JNC).
JNC Liaison: Waste Technology Development Division, Geological Isolation Technology Section

*: Hazama Corporation
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I ZC&IC

B OV EREN OHBER I N T, BLENAFEMRICIE. UnE. BEEMSD

ZEE, HMTKORE, BiARN S OMEPEEMOBE LW R ERBENIRRETSEELD
N5, TOEIBAINUTARRETSESKERELSTIMTIZ&E. BEichbz5055
OREEFMHODVHARGESADBOLELTEERRTO—DEZEAGNS., ERERWE
(DECOVALEX) X ATNY 7 EZIC B 5 8-K-B N ERRKOERB X TFHEET I OREDH
ELTHASEOHENSELTWSHOTHY., TOBITBNTENI— ROZYE2 M
BELEBHIT, BEERITRE> TV ZEEIERFRILTHDEEALSND, £ T, DECOVALEX
WBWTEEL > TWSNEIX L., BTkt 2R L .

Tz, B 5L UB8-k-RHERER T, ToREES LT3 FEE L TR
BF vy VORI E DB WREERELT 3TN EINETHRFLTER. TOEFIIZ
£ 2 TN ETOMEESGHOMITTHE CTRERERETHITIBERSERTETH RN, 2T,
FiERETNVOEAZRAD. ZT TR, FitkBEEESHOETFIEFREEREL., TOEFI
RN I— RADEBASIBIL TR &2 /. |
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AEOEBLIRIIR 2-1 DBDTH D,
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3. AINYTICHBITHEMBEOTE
3.1 DECOVALEX 111 Task3 BMT1 DfRAT

3. 1.1 Bk-IEhERBIRETI

BATICAWSETII M I KAS KK - THRE I N2 k-5 1 E RN 21— R THAMES™?
12, FEfois ROk HE Y | BREARICESASBE > BEKCEORSEBEEEZEL
EERETINTHS.

(1) HhTFkoEHER
HMTKROEGRIZELTOLBEDTH S,

1

26 2gK
{5011)9 ﬁ(hn‘ ~z,;)+(1-& )'el—i"h’i} + {pIDTT’i},i
# ; (3-1)
28 ch

oh aT
- PyhSF —_——p——— Sr + 0,078ty — =10
PronSrp8Pp % Pi w a 2 a: Pro ﬁr

T T T DJIARDILEAE. G3EMEARE, pdEAKE kOEFL I %) \ KIIEESESE
B, EVITREIRINS A—% CHAER TE=0. FEMBESTE=l TH3. u lZKOBHERE.
oo BHHIREOH T ARDEE, ol TROBE. ¢ REAMEE, DIIREIRIC X 2KS%
BB B AR5, n BHBEE, S 3800, 4,13 KDERREK. A IKOBISRFK. 2 EAEAK
ETHB. RAVNT A—F . BT M u. BET. 2KEL TS5,

3-1) RicBWT, B1REBFROREBTOXSEHERTHE. £ 2EHILMRETOKS
BEERIH EI3RREEVEICLSKABEZRIH. F4HRBKEOEIC X SHBREGMA
DEEZECERTH. H5RSBMEOR(LERTH,. BEoHELAHOBREILEERTH, &
T HINEELEI X HFRREOEELRLERTEHTH 5.

(2) THRINF—HEEA
IRNF—OREMEUTOEBDTH B,

T a6 ;.
(pcv )m -‘;; + HS]‘,OIC.VIKT,': _KTmT?u +L{D _a;(h’i —Zy )}

a4

P ]

1 é

[
+ns:-r§}f—{soa§@-(h,f-z,,) +0-£) 2K b, 40,7 } | (32)

T LIRBAERS0 OKEBEROBE. D, IKBKIEBEEK, 37 0FX 0 h—FNIT
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HB
Fzs (0C)n EREBEHTFNSRDBDLAT, AKX TKRES,

(PC)m =1 S, o Cu+(1- n) Os Cys : (3-3)

ZIT CuldkOE, C BB THS.
K K & BRI FN S22 BOREERT, KA TRES.
Kpm=nS8Kp+(1-n)Kg (3-4)
I TT KpldkosnEE, K MEHOMMEERTH S,

(32) RizBNWT, BE1HEIIAZIFINF—0OT{LE2ETE, E2HIEBEGRICEZ2ATHL
FINFE-OBLERTHE, BIRERACHICLDZAMI RN F—0OREEERTIE, FE4IHIKE
SICHERT A LItk aABIRINF—DR{2EIIA, £ 5HEIIFBEKEOEICLDZHE
ITRNE-OBLEETE, £6HIBHDOEIICK> TEL ZMMHEZRBLRNF—DE
ERITETHD.

(3 mHoHUENLR
IADFDENRKIZLTOEBDTHS.

1
[Eciﬂd (uk,l +u1,k )“"Fﬂaa _ﬁai] (T _T0)+x6ijpfh + pbi =0 (3-5)
J

ZIZT CyldBERE~ M v IR, (IFEMNG A—F T, x=5,. pl3HE. b1 3WET,
&R OFRy A—FNG, 2 ZEEE. FREBELBAHCHFSTIRETHS. sREERIIRK-
THUBENERDSZ EZOHRE T, SHEEEOFE. KROXDWT 5,

B=0CBA+2w a; (3-6)

b pRIADELTHDRATRES.

vE

A= A +v)(1-2v) 3-7)
| E
T ¢
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ZIT EWRVIOVE, vIZRT Y R o FEHOEEERETH S,

(3-5) RiZBNWT, BIFEIWELRNEZRTEH B2 RIWME I ERTH. 5 3 RIRE
NERTHE B4TRAEDEIOFRBICLVETSH KEQOR) . 55 RISMBMELEERT
Iﬁ"f‘%%o

BHERR. B KRGRT I vy OBLICEDRNREETS > b0 L L. KR
TE&RT 2.

7(6,) = o8 (Ap) = 0,186 (8)) 1 (80))= 18 Jf%de 39)

ZZT GO EBEEKRETH S,
3.1.2 MBOEE
T Z T, DECOVALEX E#%EIT L VRS 317 Task3 BMT1 OEEDHEZERT

(1) BEthRt ,
AR -1 IR TEEENRICTTRD. TR TOFETEREY 2.

@ AHYVHEB LU FLOEHIES (EHAFNT)
@ FEHF BEY. BORUMEBROBEEREN (GEEEEN)

ZNENOBITICBIT 2ERE&EEE -2 17T, MEBTICS T 2 HHEHE. SRORE
1245C. EAKEZEFNPLESTI000m ER2D LD RHBKEAHFTH S, BEIOERIL. HhE
EEIREEEME L. EFORE 20C. EAKER om TEEETS. 2L T, WEIFRICE
DESNEERNOEE, EAKH. BHSHEERKETEODNSEE T 5. BEAEMNIE
200 FEEWT B, 2T, BEER, M. BORELHEZEBLERAE 0 CLTHEAZTR
5, EEH, SHRULHODLBIR 0. FERER 20C. ek 15CTH 5.
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b
}
50m v
¥ : ~X
50 m
" s
« o e
10 m
B 3-1 fRiTERiR
o v G
\Y
T =45 oC;
o
Free discplacement _
=200
T=450c; | P=C T =45 oC; 45 o T =45 oC;
impermeable impermesble  {mpermeable impermeable

-
156, UJ 150, :

. | = .

p=1080m p=1080m
(a) IRBIARAT (ERAEA) (b) BRAKBRHT (JER R

2 BITCBIISRREN
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(2) BBfior—2R
FRIZBN TR, UToLS5hr—ZX28FT 5,

FO : @5

F1: 03 ZzR 0T ICBWTKEICHET 2 1 203N EE
F2:
F3
F4

XFAFEBEPZ FRIZERR (1.om) CAZNSERE

X FRBEOZ FEICERE (05m) CBRNERE
: FIHADYGER S 5m BN & = 3 I E BRI
F5:

F1+F3

FO. Fl. F4 BN TIHARESOFKEE L TEEBEE k=10 108, 10"m2 O —2 %

BRE9 5.

(3) EHFEHNICHITIBEEA
%ﬁﬂmzisﬁé%ﬁ’%obﬁmﬁé 3-3 . TOEEEREK -1 IIRT. ERIBWT, BE
(@) . FHEEKE (9 . B (o) OBBEBLEHRNTS, £ BLICBIT S () BHEK

5,

Fiz, LTFOWNEICBWTEBAICB T3y —RbAT 5,
- AW ; X=0, Y=0 o
< AR 1. 2. 4. 8. 16. 32, 64. 128. 2004E

A | A
Lﬁff.¥ P x | R Py
L'Bz B10 Bis

H3-3 #\EHNICHTZHAME
-.7.
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% 3-1 BEHADH NS OEE L

Point x(m) y(m) z{m) Quiput values
B1 0.00 0.00 0.00 T. 8 OCu U
B2 0.00 0.00 .85 T. 6. Cu O
B3 0.00 0.00 -1.70 T. 6 OCum Oy
B4 0.41 0.00 -2.665 T. 6 On
B5 0.76 0.00 -2.665 T 6 GCg On
B6 1.11 0.00 -2.665 7. 6 o0g
B7 0.00 0.00 -3.43 T. 6 o
B8 0.00 0.00 -3.78 T. 6 Oux On
B9 0.00 0.00 -4.13 7. 6 o
B10 0.76 0.00 -0.85 T. 6 Gu Oy
"Bl1 0.76 0.00 -3.78 T. 6. Cu Oy
B12 0.00 0.41 -2.665 T. 6 o,
B13 0.00 0.76 2,665 T. 6 G O
B14 0.00 1.11 -2.665 7. 6 o
B15 0.00 0.76 -0.85 T. 6 On o
B16 0.00 0.76 3.78 T. 6 GCn O

(4) EBNICHITIHBREN
UTOHEICBT 23y —BBLVUTORA ST Y ECBITS4MEERT. HARRB
FTHAERLTORED TH 5.

- HIWE 5 X=0. Y=0 7
cHATA Y X=Y=0. X=0&Z=-4.13/2. Y=0&Z=-4.13/2

- W%l s 1. 2. 4. 8. 16, 32, 64, 128, 2004F

CHAE ;RE. RIRAE. BBEECEDRER, BARK

(5) R~ FUYYOR
HROEEFIEBTSED, RI2EFRTE—AREAL TENZERET 5.

= 3-2 THHQEEAIMETBEOOLET R ySR

HH T o H M TH HM O TM THM

BAKERE

IR R

IS KR
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(6) EREDOBKFH ' .

—2Z FO, Fl, F4 ZEWTIREBOBEKBEEFTYFEEORKETS. mMEORKEZH
-4, BERE 610 RiCET. ORI, BEZREN 10715 10n’ OFOERICS
FAEBREE MOESNELOTHS, £ EEBRED FRME 107 &7 5.

K(m®) = 2.186x107°4° - 5.8155x 10 | (3-10)

6E-017 —

K(m?)=2.186 X 10"%-5.8155X10™*

*=0.909 \

] ' |
0 1E-007 2E-007 3E-007

n.

€34 SRS BEEEEONSE

(1) SBEOERLE
Z TR, BROBEEENE X U TELFIZRY Hoek & Brown ORHEREEZ 15,

o'y =05 +ma o'y +s0,” (3-11)

T oy REEROBRKEDEEN. o5 REAEAIEN. o, & —BERKRE

(=123MP2) « m BLUPs HERIZIORDENETEEK n=175. 5=0.19) TH3. Ihb5OEK
HFF4 T =V REHTEERTEONEZDDTHS >,

3.1.3 2RJAEFINZERVERE
(W) BIRETN
B, BINHETVERAWTERET 2. FNETINORESKER3-5IRY. SrETIT

VA REEE 1000m & T 5. BEHIE T I BEEER D SV 1 ; 70%. ZEFE 1.60g/cm’).
HOREUMIBHEEM (R M1 MERE 15%) . F—N—Ny 73RFMABME Uiz, Xk,

.9.




JNC TJ8400 2002-021

I IRAINUTERLICBISEREREA Y a2 %2RT,

Temperature is fixed . Rodk mass
at 45°C ‘
-950m A
A
W T N
2
E x| S
NI 3
E 50m S - N Backfilling
= -
=
8 R
= SR S
o
2 T 7w §
E ‘\ Buffer
N | N T --x : R
' X
- o
135 NQverpack 2 |¥
| Vitrified waste -
19
L Y B , -
22H
AT 41—l \
_ v 111
- — --¥- cm
1050m Temperature is fixed 250 > Lom]
at 45°C 400

-5 BfETNOHR
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CHEITARREEA Y2

B 3-6 AT/AUYREZLEI
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(2) BTROYIEE
1) BESOYMHEDORE
(a) IRAHERE S & k451 phE
BRICBWAEEHOEEBRE K () BIUOKMEERE D, (cm¥s) OBHRIZ, LT
DEBVTHB >,

K=4.00X107% : ' (3-12)

_ (L76x107°T - 3.04x1077)(6 - 6,)
(8 +3.68x107%)(-3.68x107° - 4,)

0(~1.48x1077T - 2.98x107%)
(5 22x10737 +2.68x107)(6 - (5.22x107°T + 2.68x107))

(3-13)

I TIRE (C) . gdfaEakE () TH5,

Atk OkDRF> vy (cm) c‘:ﬁﬁﬁgﬂ(%@%f%@ (-} ) i1Z}X. van Genuchten IZ
L ABBETF N EBEA LY, van Genuchten 1245 &, ﬁﬁjﬁ*ﬂfm S. BLUKSER CITIR
ATRENS.

=(1+|aw|n)_m (a>0) _ I (3-14)
m=1--l © <m.<i,ﬁ>1) Vi (3-15)
C(e)=%=a(n-1)(es —e,)se”"'(i“-'se”"’)" S (3-16)

::T,@ﬂ%ﬁﬁﬁﬁ*%Q@ﬁ%&ﬁiﬁf%%;

r1iEE ﬁmmﬁa‘-f?‘//wv@%ﬁuﬁ”)mb /\"—3;& 59,, G~ o n BELUTODESIC
WELRE I, S

6,=0403. 6=0000. a=80X10%cm. n=16 . (3-17)

(b) :mE"JﬁE'FL#aI‘J‘%?kﬁEEJL.EQT%{%ﬁ _
—RiZ, BEARICISKIBENIHNT SR Dy @#ﬁ&i KEFHEREGEEGZRLT

b, NROKSHTRFE—ITRE 2 LI BAPAEOEENEL B0, HETIIRN >0,

TZTHE. ENEBRERNS DOEERELE. REARICKSKGBHICET 55K DAL
RADEIITREL .

-12-
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T-T,% -
Dy =Dy, exp(aT 7 ") (3-18)

o

T Dp EMES B BREOME, T, 1 3RMERE, o ZBEICHTIIEEHECESERET
BINSGA—FT, ANS—BTHB. BRNAREE >, ENTA—FRUTOLDITERE -
L7, '

D, = 70X10%m*sC. ar=0.0. T,=10.0C (3-19)

(c) BEHE ‘

R RFA MIKOBEICE S AWEET 5. BEIckDRET DEEER. N> bR
ROKSBEF 2P v VOETRIEELVWEZEZSNTNS, BEAKAHICBN T, BRENRE
Ui e SRS RE AT 3G %, -2 CBESS L5 T 2. BEH O/, <>
Fr NOBENBEC L SEERSICLY. BEELESTULHELLZERN X0, LR
ST, BEEHCEST3HRER. NRCRETBEECHIBRERLDZEICL> TR
BTXBEEALND, BEOEZS. FlF 2ERMICRDS - LIIRETHE0OT, EHO
BB ORET—F M5 F 2Rk, BoNEERMTOEBD TS >,

F=0.050 (3-20)

(d) ZhdhtE
EEM OBEHEE (WnC) « & (/keC) 13, &Kkito (%) OBEERELUTRELRE®,

HMEHER  : 4=444x10" +1.38x10%w + 6.14x10 % w* ~1.69x10™ &’ (3-21)
ﬂ;ﬂ\. Te= M (3-22)
100+ w

2) EOMOYEE
FRFC AW HEEEIR I3 OEBOTH S,

HORLMOFRHEABEEHICEL TR, ROLDICERETS. N> M1 MEEHMOKS
RFivlv (B27ar) B BErEVOFS FOSHERIEFETZEEALGNS D, 8K
HZEG-23)RITRTETY OF 1 FOEFEE Ry TEFAELIZEKEE (0pon (%) + Normalized
water content) THIET 2 &, KORTFT v NyPa) & oy, PERIZGE24)ATEE S, TI T,
mRZAWV, X2 b F1 MERR 50HDRELMOY Y a  EEKEOEGREZREN TS, €

- LT van Genuchten iZ X ZEEETII*® 2EA L. HHR LM ORBEFKSGEHEZRZEL.
FEFINn5EDEREL M ORENSE KGR EHRTET S, van Genuchten IZ X5 &, REIFFEKFREK
k13325 TERENS,

-13-
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Opon =0/ Ry (3-23)
¥ = pg[(-1.37x10*T +1.23x10°%) a2
x exp(-9.5x 107 (@0, R0 )?) +3.5% 10° (@ Rmm )05
(3-25) .

L =k£=seuz(1_(l_se1fm)")2

r -

ZIT kL REBAGE. EGENEAERTSES, . S EEPENET 3-14) RED. »
3 van Genuchten E=FIN DN FA—FT (3-15) RLDFDHEN S,

(3-23) . (324) RNEAVWEHENEEMBEAMOTT 3 > OENS, van Genuchten EF
WDONRGA—~F B TOXSITREL .
6, =0.333. 6.=0.000. a=15X10%cm™, #=3.0 (3-26)

-Tizid, (3-23). G RERAWTEHEN-BHMESMOY Y72 3 &, van Genuchten
KEXBHEEETIV (VGmodel) KKDESNEFEMEREREERY. £k, BORLHMOBEY
HICBEL T, SBEMEECSOEERL., BRORENEREREICEL O B 3-8 I2R7TDH

DEAVED,

= 3-3 Bk SENERRERAT (CA L iE

YHEfE ¥ IABMEE | A-N -N 9D B HORLM =2
WHGE (MP) | 82X10° | 20X10° | 58741870 | 3.0X10° | 3.7X10°
R’y () 0.3 0.3 0.3 0.4 0.25
EREE (gom’) 2.80 7.80 1.60 1.80 2.67
BEEEERE (m) 1.0X10™ | 1.0X10%° | 40X10* | 60%X10" | 1.6X107
AmEE (WmC) 1.2 53.0 32Dz (321 2.8

e &IkeC) 0.96 0.46 (3-22)z% (3223 1.0
#ERE (1/C) 1.0X10° | 1.64X10° | 10X10° 1.0X10° | 1.0X10°

-14-
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B
1D§°°""'i"-'1"'1"'-1'0
X ¢ Eslimated value H
10° o VG model (Suction) H 08
AN ;]
~ B 1
5 10° | L°’°'°v ;- 08
LEI g s-c—o_: i o.
2 [ RN
3 10° | d 04
@ ;
| ----- Relative permeabity | .
10° b — 0.2
10" bt L b o g

0.0 0.2 0.4 0.6 0.8 1.0
Saturation ratio

-1 HHRUHOFMERERN

(3) EEGORHRE

Anqeauwniad anejsy

Suction [cm]

10% = 1.0
10°} 0.8
i - -]
10°} R— 06 £
3 A o
- 5
10° L 04 3
E p o
: 1 £
102 lo2 =
1113 AP SIS ool IR PR Y
00 02 04 06 08 1.0

Saturation ratio

3-8 EROTEMEENYE

BEEAORABOBMALEL T, B3 KRTHOZAWNS >, onid. FRkEHRZ
SQELLEBESORBETHD. EHTIE, T3 ABEEICHYTIEERICEAFRLEZDO

RBETHZ .

400

350 ——

300

t W]
by
[==]

o
(=]
(=]

Heat outpul
T
[=]

100

80

I

0
0.1 1

@ B#irr—Xx

10

100

Elapsed time [year]

3-9 EEGORME

1000

+

L LIl — A28 -4 TR T, MITEROBABRECETANIA-—FAI T4 L
UTEN L, KBRS IR BRI, KEREN otikziTiok.
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3-4 BMTI AT —R (2 RITEFRAET)

HROEEFBE M TH T H
- 10 Case14TH Casel4H
107 Casel5TH Casel5H
107 Case16TH Casel6H
1077 Case17TH Casel7H
1078 Casel8TH CaseT - " Casel8H
107 Casel9TH Casel9H
10 Case20TH Case20H
10% Case21TH Case21H
102 Case22TH Case22H
(5) BIFER

3~10 BETUR -1 ZEEMANICBITEEHAFRA >~ (B1~B11) OEKIEOERELE
=3 . HEI. CaseldTH (FIKERMFN, FROBEABRE K =10"n?) OBFIEETH 5.
3-10 WARHEFIN OB LICBT 3 HAHRS > b B 3-11 BTofoR(1 > Tthd. B
10Xk D. BBIGEVRLS > MR SIEREKERERELTEY, ==y ZEEORT >k

(B3 BLYD B7) KBNTOHFRROEETEKERTHIOBIL TWBEZ &8 R5, TO
ERZE -1 IZBWTHRET, ==V ZiEOR-T > - B4 DHTEKLEOETHRRS
nr.

12 BXURE 13, BKEOBRRELICNT 2AROEFEBBEDOREEZRT. Wh
RAMEB4THO, B 312 WEIEmaAN OREMF) . B 3-13 I38OKEREN TH B, K
WA, BoKERMERSBERNRRAIC TS, BROBAZEENNE<RBZIEE, K12
B4 ICBWTBEKEPEF &R ZDICETHREMPE Ao T3, B 3-14 [THUKEFR S 8K
EHERENEOHERERT. ARED. B AKERFEHFOBSRBOEEIC IV KLV THEX
DESTHZEABRLSNDY,. BRAICEIICET SREIIABERFICHEAZTNZEERETE
DRNZERYN D, BIEBOEFBRENKENVWESIZ. A EI2RMTERCIAR
STWa, LALARRSE, BROBEBBEINE <D &, KEMFTICH R, F-KERENR
OFPEMICETZOEMZELTWS ZER0h 5,

B 3-15 ITi3. EAEERICELEROABRNOA —N—Ny JHLE S KBITI2KEDS
HEFT. ARKYD. FROBEBRENKEVESSKACETFTRAEL<. BEBBEN
102 DB E (Case22TH) IZIIEEMD S 1m DL EBEN - B E TREKFEIIETL TN &
Woarind, E3-16~E3-18 ITIAINY 7 EBEOEKEORNELERT. HI-16 1IX58D
BEHEESEN 10" m® DB S (CaseldTH). H 3-1713 10"%m? DIFA (Casel8TH). H 3-18 13 10%m?
DB E (Case22TH) ThH2. BROBETFERENAZNES (B 3-16) &, HEIICK3E58BAD
FBKEDETBRENDN, AINUTFTOEBRBROEABREOENZ &3, AINUTE
EREETRIFREEOREAEICIR > TS, Casel8TH DES (BB OBEFEBEN 10%m?) .
HENC L B2 AEABAOBBAKEOEK T CaseldTH EFRBEICRKEVD, AN 7 EEROER
1 CaseldTH IZEENRVEL B0 TS, £/, Case22TH OHAIL. MENC X EBANORHKR
AKEETEREIENIHEEBOATRELTED. AINU 7 EEEDEBXKECHEIIZRS

-16-
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g, ZL T, AINUTZEBIREIDHBAKERESIETLTWS., ZOXIKEROES
BREOBWIABRNOBBUKESFIZREEELZIT 520, BEHORMBEL. B3-12,
FRIRLELICEEOREEEREICIDERIBEREE EBOEEZILNS,

3-19, B 3-20 WKWIHEEHMAOEHAR- > MBI 2 BEORBELERT. &I,
CaseT (BYEAT) OMERTHZ. B 3-19 3FRTETIINONHE Lz 5 H AR > b,
-20 FFEDOMDOBRA L MTHB. F—N—Ny 7XAFBSEENELZoTHED. HEN3ITHK
STEL RS TS, A—N—Ry 7 EEHIBT3BERELSSCTEETHY, BERECET
BERIIAINY TEBBRKWETH S, K I-21~E 3-23 12138 AHEEARAT & BURHT & OR -
P BABITZREORKELOLEEZFT . AROEFEREN 10’ &L Y XENEEIL.
HOKERENIC L A EREEEREMmITICHEANEL TS, —F. HBROEHEZEBEN

107m? & D AENEEE, BB KERFETNCE 2 BRERERABFTICHARREVERE -
7::0

30 [T T T T T T T T T T T

—o—B1 ]
wfee B2 § |
—O0— B3
—8— B7
-—k—— B8

O Lol Ll bl Ll L LLLEL L L1LLllY L.l |III::| : :"'":
0.001 0.01 0.1 1 10 100 1000
Time {year)

H3-10 EFHNOSkEOREE(k i)
(BA-KEREARAT CaseldTH, SEROEGEBE K = 10m?)

Water content (%)
o

30 T

[\a)
1]

1%}
o

Water content (%)
o

: ' RIE=E
- —&—B5 g
. —0—B6 | -
5 -_'—'""é&-o\"x } —a—B10o | |
r o “‘Tq{f —&—B11 J 1
Lol Litill el 11 223 ] Illllll 1 l|!lll:

0 Ll LLiiLl IR ETEIT L il
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WIS ERARNTIC X 5 BRI BRI AT WER L 23 58 bEU 5.

3.1.4 3RFTETFINERWEBRE

(1) 8T —2 3

LN, 3.1.2 WRLEETr — A TRNEZERT2FETH - 0. BB ERS
B, LOERICRHIED SNE LI —AICHLTORELN RSN, ZORBLE
WWETE, 3RTEFNERANWZRIT2TI. MITNIREEDBICERT I E &> THD,
Z TR — ADAEFRT .
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Fracture

(a) FO (b) F1
BEd 3-24 Model Geometry

2) Bentonite property (34 —RX)
Bl; 7M1 BREEXRMFA b (V25N VL FA=T7: 3, p=1.60g/,m’)
B2 ; RRR > A b (OT-9607. p=1.65g/cm’) :
B3 ; N b MEE (25 V1 100%. p=1.80g/cm’)

3) Permeability of rock mass (34 —Z)
R1; K=10"m? (,=4.17X10%) o
R2 ; K,=10%m? (n,=3.15X107%)
R3 ; K,=10"m* (#,=3.00X10?)

4) Effect of coupling (74 —2X)
T. H. M. TH. HM. TM. THM

RN — A RSN TN R 5. FTicBOTIE FO-BLR1 2EATS— X EF 5,
ETHE S — 2B T coupling DEFEBFMET/RS . BIEFHE FO-B2-R1ICEHL THRIKOBKE
Z{T72W. coupling DEBEFMETRD . HWT. FO-B3-R1 &f——:{_@ THM EZTTNH,
FO-BI-R1-THM &0 FO-B2-RI-THM & DHIREFTRV, A kI FRRAS I LI L3 HE
B2RAT 5, T, FO-BI-R2-THM 3 & 78 FO-B1-R3-THM OEE %171, FO-B1-R1-THM Dk
BabE, BROBAMEOEEEHR TS, BHEIC. FI-BLRI-THM OREETH, BNOE
BREETED . MTOREEE -5 17T -
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3.2 DECOVALEX 111 Task3 BMT2 ODfg#T

3.2.1 B8

BMT2 T3, BEOBMENER, H2ERELTES 74—V FTOTF—FREI5NT
W3, INEOERERANTAT—NT v T LEBOYEERNT A ENE~ORELR-T
W5, ZOA5—NRIEZ. BROFH—HIZIVELS, 22 TR BRABOTRE—HE25R
Uiz Pixel R ON=RTTY v 7 F I NCE D AT — VR ERSF L.

3.2.2 BREUER

FHARTREFEES 70—V FTRRENAEBEFERZHANT,. Ar—VREHNTS. R

PrEABRIEIL. £IT Formationl. Formation2. Fault Zone @ 3 FEIRIZABI IR TS, &K 3-6~FK
3-8 13, SEEHMTOREOBME - HEFRTH S,

3 3-6 Formatoinl TORIUEEH

No.set I (Formationl) 1 2 3 4
Dip direction (°) 145,00 148.00 21.00 87.00
Dip (°) 8.00 88.00 76.00 69.60
JRC30p 2.84 4.20 2.75 3.00
JCSapp 61.00 196.00 160.00 220.00
& ) 24.90 28.00 27.00 31.00

% 3-7 Formation? ORGSR

No.set I (Formation2) 1 2 3 4
Dip direction (*) 28.00 156.00 20.00 90.00
Dip (°) 25.00 81.00 72.00 63.00
JRC;g 3.81* 3.81* 4.00 4.28
JC8:m 118.02* 118.02* 60.00 39.00
&C ) 27.15% 27.15% 26.70 26.00
. * average value of all sets

% 3-8 Fault zone TORILEH

No.set 1 (Fault Zone) 1 2 3 4
" Dip direction (°) | 21.00 150.00 21.00 85.00
Dip (*) 8.00 76.00 72.00 74,00
JRCag (235 8.48 3.99 2.17
JCS300 123.15 76.00 140.00 105.00
&C ) 25.30 24.30 32.60 25.70

BENETEON-BEERLD. BREX L OEMEHEG)M 2 D OBAEFH PIIE27AT
FEIND, BMNHEEEND)YS2 D OBRERABIIE 2RO Ly D5 Ly £ TE2DREEST
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BZERES>TELND. T T Ly SB/NEREE 0.5m. Lo [ dBRKABRES 250m TH S,
—3AM L, DIEF TR L, (?) I FET 2 RERER N )td. PoPHERICH L TARETHD &
RETHIET, )R TEALNDET D,

Py, = 4x10° - L% (Number [ km*) (3-27)
f ™ PyydL = 7653570 (3-28)
L. xL,)*
Ny, (Number | Area L,,” (m™>)) = 7653570 % ("1(66&"16"()36 (3-29)
—F. (327 (32803 &V Py ORERFEEEEIIG-200R &85,
4x 106 29
L)= L= 3-30
@ 7653570 3-30)

3.2.3 B8E0ER

AL T, Pixel BROZ Sw I F o INTED, Ar—IFHRERNT 5. Pixel ETEZ
RITHBEBEOER, 75y 7 F VN TRZIRAENBAROBRERAS. A7r—ick sk
B RN A—FOIELDEERF LE. B 3-26 13, SFEETOBROBHEOFERZ Y
O—Fy—hMLEbOTHS. FHATE. &7+ —A—3I 3 (Formationl. 2. Fault zone) T
OBENHIIE—THBEL. TXRTOLEY M12 By MTOBEBREANWT, Ar—)IVEHE
ZRE L.
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3.2.4 Pixel ;%

Pixel ETIL. BRANES 250m 2EBL T, —i 250m OEFHBEREZBRADEHEL T 5.
ZUT, SHEEEAED S 250m EHFE 1250X1250 IKHEIL, TO—EH (20em HF) %1 Y
2ENELUTHES.

, 327 13, —il (L) 250m DIFEOFFLATEEE (FHK 1562500) KB TLBEIMTSH
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2%, BROLEHICLDERE LI TH DT, BHEEED Pixd TREBKOTINESS
BNERET D, TOREICED, BHERE Epe) PE3NRTEASND ET B, Loy 1 Pixel
DO—TE (20cm) « n i Pixel CEET 2BEELE. vidRT7V ) (v 05) . KGR TE
ALNBELY FORAKRNETH 2. BEWMICERTSEEL g, ety FTELL., 1%
D 500m TOEERS (127MPa) BMERALTWB LT3, ¢ 38Ty NOBENPERATH 3.
EERAF 1ty b EEZERY. i, BAOHMERERE. £74— A~ a3 TORYH
70.3GPa &9 5. _ '

PlEOREIZHEY, FEOTHRETHE 3-31 IoRTHBIC, LTS 8Mird 5T samn
2o’

1 Ep,
Lipyey = =22l 3-31
K 4KZ++ K 7 " 2 4v) (-31)
I
K, =2 o tan|JRCT Iogyo| T8 |44, (3-32)
Pixel o, '

B 3-31 EEEBROEE

ETELAOEBOEHEMNSHD LT HREUAEAROOTHEZFEL. FEEHETO
MR ERD B,

M 3-32 BEMEBROERTHY. Ar— NV EHERBROTEEEOBERE. EXT—NTO
HEREROFREREZZEL TV, ARICASNE XS, Pixel ETIIEEREORSFHEIZ.
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1Pixel D—F Ly THRT B Z EIE D % Pixel DBERBH Ko B(3-33)ATHEALND. eld
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(3) Z8(Pixel &)
Pixel IEIZ L V. KE « HEH/TA—Y DA —VHRERE LR, DTOT EHh0H50

275

1) AT =IOz EN, BEREE. ENZEA L. BEEE.. K)RLERT 5.

mx&—wwﬁmm#m,%ﬁ%&&@ﬁ*%ﬁ@%%ﬁ%ﬁﬁ@b,%@ﬁﬁﬁmmé

’ L')e

3) BKRROBAERY A XEHCRE< DT, BIEREORGEEIBD THhEN,

4) B RERROBRGEER, —IES 15~20m OEHFBERLDAE 2D &, REEREFTE
PEDTNHELRZS, '

.25 95y oFuN

DIy T I NRREHEERELHOB TREINSGY, AHETIE. BEEFRTESEN
é%ﬂyhﬁmaﬁbkmﬁ-ﬁ%%%ﬁ%ﬁbébﬁ%:&mi@ﬁ&TéoMTwﬂ%mh
WTEFEBRIFLILEY NEBEET.

EETORN TR, 75y 752 VN ERVWSE 200m B EICRSBNWEEEL YRS
SNiamolt. LHL. FIEO Pixel IETIEE 10m EFLUETEELTNWS., ZOER, BHD
TE—EROREOART T4 ETF 4 —OEEET 59 772 NV TRERLERWTI EDUERE
THd, LML, CNHOEEEI Sy ITIINEERMICERTHZ EEEEL Y, TITEE
E T3, BEEHED A — )V ZIRIZ Barton and Bandis EFV %AW, /ANEAURE L BROBIE
MBREICREATIEVWDREEEKT . £, BEEIOSMIZEET, TORT—
N TOREEEZRNTEET S Z &I 5.

BEEX [, WHYST B JRC,. JCS, i, (3-39). B3BROLIBAT—NEREDD. HZY
kD JRCspss JCS300f DB, 3T 3I-6~K 3-8 TOEERANWS,

JRC, = JRCy’ (%)""m"’?‘fl | | (3-34)
JCS, =J Cssqu .(%)—G.Oﬂﬂcml (3-35)

PIHIRRIE o, 1 E36ORTREND, UCS H—HEHBRETHY. SHETE—BEFREZ
BT H—A— 3 2 TOEHE 1083MPa ZRKEL T b,

JRC,
a i =
5

JCS

n

02255 -0.1] (3-36)

MHEERE: K, 1 3G-3NATEA 51 5.
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K, =-715+175JRC, + o.oz(Jcs,, /a; ) : (3-37)

BWANE K,. SABTIE K 13339, (339R» 586N, BRECERT 2B N6, W
£ty hTELL, T#D 500m TORESS (12.7MPa) MEBL TW2 ET 5, V, I3RKER
BUIETSH Y. AWRTHINARE, LB LV ET 5, ¢ IBENTERATS S, (RI6~
7= 3-8) |

=2

K,=K, \1 - —a—] (3-38)
VK +0,
K, = 100 o, tan|JRC, logm(JCS" ]+ ¢*’r} (3-39)
n aﬂ

FRo kS icEsn-EERE K, TABRNE KL, BREES L ICHETSETHS, L
MNoT, FHETIR. PEAPKELEZINS OB OBRRSORHIREEZEET S JENT
&2, B T4 T RAEBEA0RO L SR D, RROBMEEEy MHLTHS. &
KNE. &y FNTOK,. K, OFEHETHS. Tk, By b10T59 252V Fuls Ff P/
13(3-41). (3-42). B4HARTEKES. L'ty I TOEHAREE., nBRBEHEDOERNT b,
& BT IRy H—FNITH 5. m! BELY NTOBBRKTHD. FHETREEY b TE
LWETd 5,

1 1 1
Cy = Z[K - _F)E;k, +ZET(5*"‘FJ'I’ + 8 Fyf +6,F} +6 J.,ﬂ,‘;) (3-40)
S L va I_f I_T
F’fjﬂ - "ZL —'—ﬂ,- njnkn[ (3'41)

I
Ff =21 Tl (3-42)
r
PI __ELI2 va I.I (3 43)
87" Ty | )

BHFAT VN K ARSI BEE £ ZAVTE4)RATRES. d3&Ey FOHR
BUE o DFHEEFEL N ERET B,

1 13(p1 I '
K:‘j”Zme (Pkkéif‘ﬁ'f) (3-44)
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B3V ~GB-4)REANBIET. BRES L ILLZ2BHEONZEFROAr—IVhREHZEL.
A=V EOEERERVOBEKRERERDB &N TES,

() ZXTBESE

R 3-26 D 7 O—F v — Mo TRD K, EXAF—IV TOREHEBEL W3) 1ZE 3-35 TREN
5. E3-36 1 AT—NEBREE (BEEE/HERE. Py OBRERLTNS, B 3-3ITIIEX
VTR X R AR THARRI ERL TV,

Ty =9.7225 * x" (2.8787) R=0.99992

P30 (%ﬁ&ﬁ)

EFNO—LE (D)

3-35 EFINO—DREBEHBOBE
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ey = 9.7222 % x0(-0.12116)  R= 0.9297

‘11!|||!.||!.‘.!..|!r||

10 @ ........... e mereeeeann s ............... “ .............. _

(= 8
7
6
5 i i I L) i
0 20 40 60 80 100 120

EFNDO—ILE ()

B 3-36 EFNO—ORSBREBE (BRUE/GH)

———y=0.69778 + 0.65205log(x) R= 0.99547

g ......................................................... "
A

% ......................................................... _
@

¥

0 20 40 60 80 100 120

EFIO—TLE ()

3-31 EFNO—DREFHERERS
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ERTHRRHEBHRERADIET, UTOZENGhHok.

- BRBEPNIAT—INVICXORRB - 2E20. AOERERTEINS.
F BAT-WVICEET2AROLHATE X, A r-LoEnEErkE<is,

(2) BERE(EL. E))

B3-38ik 759 rFoIINREBRT—)E x y HEOEEEERROBGRE. £27—
NTOEEREOEERFREEZET. B339 3. TFNVO—IEETHEERE (EatEy)2) O
BEfREERY. B 3-40 i, EFNO—-DEEBEREOTHIERRZE (optom,)2) DPBEFEZER
o INHEMNS, BIEGAEICEEL T Pizel BEFERRICEFEINES<ABbBONTNS Z &R
GInD, Eie, Pixel BEHRZEI S I F N TRONSHERIIEEBEREL, 20K
BREZINSNWZERGNE. B 3-4113. EFIVO—TEN 2m (V2 7 150) TO E, D5
MExERT. &), BEREOMMIERSHITENT L8015,

30x103!"‘g"‘!"'!"‘!"'!"'”4x103
25x10° .............. , ............ S Exx _ 3510°
i : : D|=EkeEyy | 1
D i f i : ¥
% 20}(103 ;... """"-?"""""'"‘2 ............... '_._ﬁﬁﬁ%&xx) ..... ] 2)(103 ﬁ
o ‘ : ’ - - B Byy) Pk
B sae SO SRR SRR I PV°T, - %
-, A - &
% H - = i
N | R -
10x10° .errrer BT e A e o e ene] O
SR10° | P N AT S -1x10%
0 20 40 60 80 100 120

EFNO—TE (n)

B 3-38 EFNO—IR&EHEFRBRMEEREORBZ
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30x103!..|§>|'!n-.!|.'!-||!*r-|

25% 103 ............ Y =M0*XM1 ............ N
' ' i M6| 26658 i '
M1|-0.19558 | | -
5 : : R| 0.92932
T e S e

IR (MPa)

15%10° . N U ,. .............. . .............. ............... . ............ _

Y1 3 —

126

EFNO—LE @

-39 EFINO—OKEFHEEFRBOBR

1.5%10° - ............. S . .............. .............. I ,. ........... .E

FREMSEE (MPa)

BFVO—TE @
[ 3-40 EFNO—DELBHRROTEEREEDBRE
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Side Length=2m , sample number=150
W77 7T T T T T

18x10°  22x10°  26x10°  30x10°  34x10°  38x10°
E (MPa)
XX

B 3-41 E. 0% (EFILO—LE 2m)

CESwEFLINEED., HEMNTA—Y DR — R ERN LR UToC 0%
Mo T, '

1) ART—NOBEMITHENEERE R CRERZEITRDT 5.
2) EFNO—BER20mL ETIE., X75—IViKLDBEREOIZSDEINMI N,
3) HAT—NTOEEBEOESDER. ERAHETEINS, ‘

(3) BAREE Ko K,) -

3-42 1X. AT — I EBRBEOBFRE. SAT—NTO x. vy HFROFEEBKFROEER
#22EF7T, B33 EFIN0O—LEEEHEKMIR(KAK,)2)0BEREERT. B-41F E
TN D—NF EBERBEROTHRIERZE okt 0xy) ) DERERT. NN SBRBERICBEILT
13, Pixel I EFRICRAHRAKESRBESOENTVB I LN 3. iz Pixel BEHERB &S
Ty FINTHRLNBEABERILL T —F—KEW, B3-4513. EFNO—LEN 2m(Y >
TN 1500 TD K, OBFHREERT. Ik 0. BREROAFIINRERSH/ITE WD &8ah
B, UIwrFIINCED, KEFENNT A-F DA —)VHRERELEER. UFoZE
Bahoiz.

1) AT—OBEMICENEKRIENL. SEREEIEST 5.
2) EFNO—LENROMUETI. 27— VX BEARROES DENIE 0,
3) BAT=ITOFEKBREDESDER. MEERSAETEREND,
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Bk 3% (m/s)

Y157 K R (m/s)

40x10* T T T T T S 1.4x10°
: Cod i --"- ' -

. E-- 1
3.5%10% i —~-E9' ------------------------------------------------------ 1.2x10°
3.0x10% ¥y j;ir """""""""""" fr 11.0%x10%

: oz gy § | s
2'5x10.4 ------------------------------------ ; ------ E é """""" - OASXIO-
| [~ G

+ Beed e x| —0.6x10*

2.0x10 =~ =28 {E 2= (Kyy)
BT . s T e S ~|04x10°
i 5
PR RO NI ETF o UL US po—— Jo2x10
. ! H
i "u i i
i i .. ! .
| SIS N ST ST WUU N R T P »'q---. PR
05x10% o 20 40 60 80 100 120

EFNO—LE 0

K 3-42 EFNO—OREFREHRVEEREOBER

Y = M0 + M1*log(X)

MO 4.7454e-05

M1 0.00017051 | ]

EFNVO—UE @

R 0.98864 |
i AR SR
60 80 100 120

®3-43 EFNO—DEEFEERMEROBH
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12x194|©..!...!..T!‘..|.|.!..,

¥ = Mo#*eM™
Mo| 9.7648¢-06 ]
M1l -0.027827 §-ree .
R 0.96406

JE R 22 (/)

0 20 40 60 - 80 100 120

EFNO—TE )

B 3-44 EFINO—LEEFREBOEGEEREDBRK

Side Length=2m , Sample number=150
35 e —

T3

5, ............ o _L...l....:
P e I I R s e e

4%10°  6x10° gx10* 10%10°S 12x10°  14x10°

Kxx (m/s)

H 3-45 K.0O8%Hm (EFNO—IE 2n)
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3.2.6 £&&H
Pixel EB LT T 75N DKE - RS A—F OBREREEERF L2
£, UTFoZ &ERghoi,

1) A=l RXB5AREFERVERFROZELI. MFPETBBLE R

2) AT—IVREELGWREERR EBABREZRRIIE. 75y 7572V IVTiX Pixel
IR, BETRERAS—NVEVREET S,

3) Pixel IFEIIHNEFNERFABRVCLROERRS, 759757 NERWTAT—I
HEZREBBIEN, HHRUEEEBICEHSTHLEER S,

3.3 DECOVALEX ! Taskl (DEE4T
3.3.1 HBROWE
(1) =
FEBEX (Full-scale Engineered Barriers EXperiment) '3 ENRESA {(Spain) 3 & 7f NAGRA

(Switzerland) D®H & 3 A E (Spain. France. Germany) . 7H#BEOBALCIDERIN TS
OPx7 MTHD, RRERMERABRS IVERARENFERD SHREN TS, HROBER

B 3-46 [ZRTHIRART OBREABRICBIDUSEEBICHE-> TRBEEINTWS, TDB5.

Fy A —ZHEAICKZCEEENTEY., Fyo XAy -0fABERBEECERINEAY
b b7y 7 THBREEINTVS, EREENERIE “Mock-Up test” EFENTHBY.,
RUw FO CIEMAT IKBWTEBENTHWS (K 3-471 Z28) . —jj‘ EHRBREEMEABRIEIA T
ADTY LENT A YA b (Grimsel Test Site. GTS) L:bwc, %ﬁt;ﬁﬁﬂéﬁtiﬁﬁﬁﬁk
BOWTERENTNE (B 3-48 ) .
hbs @*ﬁﬁﬁ@ﬁﬂ‘]@u'{:@ﬁ NTHD.
- NINU T AFLAQOERBEOTFTELA ML —2ay
« Z7 7 4 N RIZBT 58K ERRER O
« 27 7 4 ) BIZBT B BOK-HIER(E FERBRE SO
e, RObFA PMEIARAMETH Y, TOEEYHELTOBD THS.
- EEUOSAT bﬁ?ﬁi 88%~96% S
- WMERRSR : 98%~106% .
- EE 267005 275 R
- BHIFE : 4~6MPa (WEIRE5EE 1.60g/cm’)
- SIRLEAGRE : 4.2X101~7.6X 10 m/s (BEARHEEE 1.60g/cm’)
PTiC. ERROBERSIVEREESFIIOVWTRT.
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T Contteplyg
Benfonite -~ /- Gramite - -
pleg S/ Acessdrift

i

3-41 EBEZMHROEE Y
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e .Heuter [dmmeier l] 9}

s Grumte T
’ o " Service done: mntml und i
Grunlie data acquisition sysfem

23 oo loncere Pnnclpul mcessiunnel 1o !{WO_
- Bentonite - plug -

bareder . \

H3-48 ERERCERBROBE Y

(2) RREZENHBROBE _

FREBETIE. ENBRABREERYBEEROFHEHEZIZRTERVY, AEMNOBHE
ZIXMO-NVT R LRI DERFFERUBHRBRI VIIVRICHEZ ONBERTH S, F5R
BRI O — FORE (verification) ICHEAZENS, AREBOEE2E 3-49 1277, &5

EMBRREFUER TEBINTNS, YAy —2ERBLEES L~ 2@ETHD.

ZORMIZES 0.64m DR M MEFBESIN TS, RREBATOERIT 1.615m. EZIE
6.0m THD, BEIIEX 7.0cm OREFBITEZ 05m OAT Y L ATEEENTNW S,

- m#E - BB 1997 F 2 ANSRHABINTED. ¥ 3 ERMEI N, #HEBPIX Heater
Control System (HCS) ik ¥ b—¥ —DREXEBHESNTHD, RES N 500 EORHY
ERICE D EERHAN I TWS, HEIEN/T —# 13 Data Acquisition System (DAS) 12X P
I - BEINTNWD, A8 BERE—¥—BET00CEE LS EHEhTWS, S,
H 3-50 IR ATINY 7ELOWERERT. 28R —¥—05585T. HHANt—F—0
ENBATH S, BEENERY FF MO 7 EIRICRTEDO4BETH B, > b
Nty 7 ORETESREER 1.77¢® THD. ZOBEX. R FMEOBRBEIKRER
BREERD AR D1 MEERIORE S RIS, XYM A FOEREBEN 1.65gem’ 25 &
SIREINTND, T, X2 bH1 MOFEISKEIE 125%05 15.5%0EICEREENTK
3. -
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._ “Pressirized T h N S D 0l Instrumentation
> NN . N SRR cablas

nitrogen.
“supplyline -

- Power
™ and hegler
", SeAsars :

B 3-50 AL/NU7ERSTDBE

KR ERBTAREN. BEAT (Z5MPa) . EIRT (100CHEL) THRHI M5, &
HESIIc NS 2 2B LERI N, ] 3- CRESNHEBEOY 17, ZRBIURES
FiarRy. BBINLHIBERELET 507 BTHY. Zhb03 bRERZES TRHANKES
N, 198 EBEYT LS OAFFHTHHSNTNS,
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%39 RERSNEBREBNICERE S iRl

.. ——— R E BT -
N 5R-4 AHHIEEES I cse e &t
BE RTD Pt100 328 20 348
=i RTD P1100 1 1
EANKE
13-4 - DIGIBAR II | 1
JKIE DRUCK 1400PTX 2 1
EAKE - MVD 2510 2
EH
A5 KULITE BG0234 14 14
BRAm KULITE BG0234 14 ‘ 14
85 KULITE BG0234 22 22
K IE ‘ KULITE HKM375 20 20
HXHEE - BE VAISALA HMP233 40 40
=2hr (OTHED HBM 19 19
PLC {& _
RE RTD Pt100 18 18
EERE s E
WA (& O e L2
DC 7 2
at oo o o 438 | 41 | 28 507

CS : Confining Structure (B 3-49 Z:H8)

n# - BEEBRKETE. SREEEEASN. AINUTOKRR. BMEBXOYTU T
NREEEND.

(3) EREFEMEFR
EHREFEAMBE GTS O FERBOILEICHFRICHEI BB TEREEN TS (B

3-51 21 . RBRITEROEEIIR 3-52 IRTHRD ERoTHY. JERIE 704m. ITHEER
228m THd. b—F— R 2EBPEINTBY, fIEOSA F—TZRHIhTWD. E—F—i&
EROF ¥ 2T — EFYA X TH B, b—F ORI TFOEY TH5.

- WY KEH

- #4461 0.90m

- B & 454m

- EE: 1lton
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Experimental
ioborctory
drifts

B35 RMERMERROMER D

BEHELUTEBEREICES SN A PBRAVRENTWS, XML R TOv Y
WSS KE 14.4%, FHBREE 1. 70gm’ TEEISNTVS, AMEOD & T3, MEF ES
DOBEHM OEREER 1.60g/on’ &35,

HBRITEEM ORBEES 100025 LI KEHINEBINTHD, ATNUTFHBLY
DI IS 632 EOSHASESRBINTVNS, £ 0 KEBESNZsHEE0—E %
T B 3-53 IKIATINY FRICE W TRHISEARB S NAME 27T, £, H3-54 121
Wi F1 1B 3SR ORBERT. H 3-55 I3 EDE s Iciigl s h- R Y S— VN O
AREORBEERT, 22T, B I3-54 BLXUHE 3-55 KR THAIRES SOSKIIUTO®ED T
5.

AA-BBn-CC

AA : BHEROEE (FI-11 &8
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BB : sHElRORBMNE (AINUTH or B8R
n: SREWED BVIEERTF-NOES

CC: BRBHHD S NWEIERT7 RN T EOEIEROES

Se, B3-56 I0IERY F 4 POy Z BEOEE S 1 F—ORBEBRIE, B 3-57 IKidE—
B ORI AT, . H3-58 il —V —RBROBEROBEERT,

#&3-10 RREFEMEHBRICBVWTEREN/HIESE -5

o - iy RE & -
N Fr-4 sHfEE DR PO DRIITS e 5
i B2 BER 62 91 36 189
¥ IE-WROEH wEER 4 4
ERREOESN I 30 30
t-5-REDEH L VA 6 6
1+ TH-INDKE Piezoresistive 62 | 62
5 75-MADON yi-IE Piezoresistive 62 62
N YA YA D BIBKE Vibrating wire 52 52
HKEH EIEER 58 1 59
2K ynk-5 28 48 76
aXkth TDR 4 20 24
ERNOMHE REMHZE 2X3 6
k-5-OBAL RENTEA 9 9
A M P DRZERE REHA 8 8
.. . ¥ 7ovti-b '
N MM DZEN (@ frEah 2X3 6
1Est LVDT 6X2 12
I3904-5 LVDT 1X3 3
A UMAMADN AE Magnetic 4
o Zo- FEHE 6
AREE Piezoresistive 1 1
N SFV-yaR D _
rats s Hot air 1 i
HHiSSDRE Electric converter 6 6
ERBEON WK Electric converter 6 6
B 261 320 36 15 | 632
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2311 HUASOEEICHET RS

iE (AA) o Y-BEURIEEHE
T RE
P EH
Q KE
SH b-4DFENT
SB A" yMANT o DAL
S g VA
38 Db r-4
PP K 75-VAON vh-FE
IT fEH
GP ¥ AE
GF ¥ A7n-
WC Kkl (BREER)
WP AR (Hhui-5)
WT 7Kt (TDR)
AP AKE
A B
v BIEA
C EFiEt
Q Mo hIar
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-16 -

70.39
Z . .
Test zone A Intermediate Service
P | zone | zone
.39 17.00 2.70 3.50 46.80
— e S
2.575 4.540 1.020 4.540 4.325 :

Heater # 1 2.28
i

Cable Steel Concrete Concrete

channel liner plug sill
pmm s ——— B e e e el Eats it ek Rt s el Al T s mmn m i
T D2 | F2 L|G |'Ml"{ El] @ - C . Bl A K i
i B2 E2 M2 © H. N FI L ' 1n$trumentc_d'sect10ns :

0 1 2 3m Concrete Lamprophyre

Bentonite Granite

2353 AT/AUTHICHH 5 5SS RE e o

1¢0-3002 00¥8LL ONF
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WP-SFI-17} 7 _» WP-SF1-16
A7
WP-SFI-18) | ! / P-SF1-04
: | 7
Q-SF1-07 | // / WC-SF1-08
[}
7
o« P WP-SF1-08 s T-SF1-02
T-SF1-04 WE-SF1-07™ \\ 1/ / /
WC-SFL1-0 V' // QSF108 / |
\ L J/ B /,/ -, WC-SF1-03
o TR /
SB-SF1-02 .,' K / / WP-SF1-03
N V4 /
Q-SF1-06 e / / Q-SF1-03
\ \ SN ::," ‘ /’ 7
WP-SF1-06 TN ’ / / WP-SF1-11
WC-SF1-06 ", /{wy-sm-13
Y  P-SF1-03 \WP_SH_12
‘_ ________ hﬂ_ ..K
WP-SFL-14 \ P-SF1-02
WESFL15 WC-SF1-05
-SF1-04 : '
¢ // _ WP-SF1-05
WP-SF1-047 ' \ Q-SF1-05
a4 T
WC-SF1-04 P / m \g
B
T-SF1-03 TSF1-017 4 '\\-— P-SF1-01 A
1
! I
osrre” / / ; \WC-SFl—Gl SB-SF1-01
/
WP-SF1-02 // ! WP-SF1-01
|
WC-SF1-02 / ; 0-SF1-01
[N
WP-SF1-09 ; WP-SF1-10
1

A: Corrosion specimens
B: Gas collecting pipes

3-54 AU T RERE F1 I

CHIFBEHIERE R >
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0-BF21-01
Borehole SF21
T-BF21-01
Q-BF21-03
\ PP-BF21-01
T-BF21-03
-

PP-BF21-03 \\

TBF22-04 ~ x.
Y

Q-BF2L02, PRBF24-02

— T-BF21-02 / / ; TBE24-02

/ / Q-BF24-02

/ PP-BF24-01
/ /

/ Vs T-BF24-01

Q-BF24-01

Borehole STF24

PP-BF22-03

" T-BF22-03

Q-BF22-03
Borehole SF22
PP-BF22-01

TBF22.01

 QBR2201

= .'Q‘-BF.2'2-02 PP-BF23-03

e

L TRR202 “T-BF23-03 —

+Y
A 4

. PP-BF22-02 Q-BF23-03 —

= PPBF2302 S

TBF23 02

— QBF2302..:_.
- Q-BF23-01

f TBF23 01

o e— PP-BE23-01

H 3-55 BENITHITHH Ji%%aﬂ)&%ﬂ%“ﬂ

.53-




JNC Td8400 2002-021

3-57 E—4 —DOHRBIRR D
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: Z
O": Center of the drift A
Q": Center of the steel liner . P ! *
O™; Center of the heater o e

Center of
the heater

Center of the
steel liner

Y

0.940
0.970
2.280

1.125
1,105

0.640

{Dimensions {n meters)

B 3-58 PIEERER P

B R 72— TS TINTWS. PFANI—ZE 3-89 ITx7. 77713
Ry bF1 POBREEICHAS B ESICRTGENTNS. LML, KESCHIAEIZHL TR
ZELUERSET RoTWRW, 27— MIEHTHD. 2000tor DAIITMHA B KD ITEE
EINTND, THRERY M h OREERE 5MPa iICd /L T B,

AEBETROBYICEBEINTNS,

- B0 20 BEIR 1 O —F—&H7= 0 1200W OELE A TM#REZTZD.

- FOBD 3B AR 1O -y —H2D OHAE 2000W IZ EE L TH#EETRS., £L T,

AF =54 F—OREREEN 100C &755 & 3 IHET 5.
- 53 HUBRIZBEERERE (100C) 3L dickb—F—2HEURRERT 2.

1.800 0.900
3 Pl o
309‘-.
Hor o4+ o+ TN
‘ T A A
FI e I S
T : A I L
o+ o+ + o+ o+ EE A O R
0.400 + o+ o+ o+ P
N i

2.280

/
e \
S E o+ 44 TR
/++++ T T i
Forot o PO
. : E v+
Bentonite blocks PR L S s | +.+‘\
L N A Y
Mass concrete
1.569

(Dimensions in meters)

B3-59 arsU—prFSr0RE>Y
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3.3.2 FEBEX [CHBIFTBARY bFA D4R 19

ENRESA Tld FEBEX OB T 520N b1 FOPEFHOTE2ITE> TN D,
ENRESA TldEE L T2BEONY M MCEL TEOREKREEZERL TN, 1EBEER
Bentonite S-Z.{:Wﬁﬂé%@'@‘ CHIIFEBEX 70 x 7 M AAE B ANCHIFEAED STV
RYhFA N THD, TOH, HrlaA> bF FMUBREN. CNAFEBEX 0Pz M
FENaz&Eioiz. ZONRY M b FEBEX bentonite EFRIEN TS, ERHBIT. &
Bk (distilied water) . granitic water, 37K (saline water) @ 3 FBEOKERANTERIN TS,
granitic water 35 & 7F saline water D{LEEH AL, pHIGLATORED TH 5.

% 3-12 granitic water. saline water (O{L24ARE (mg/1) HBE ¥

{bEHRB LT pH granitic saline
cr 13.1 3550.0
S0 14.4 1440.0
Br 0.1 -
NOs 4.8 -
HCO5 144.0 -
$i0, (aq) 22.2 -
Mg™ 9.4 360.0
Ca® 44.9 400.8
Na* 11.0 253.9
K 1.0 -
Sr** 0.09 -
pH 8.3 7.0
(1) #iptE
1) te#

H.3413 Bentonite S2 B L TOHEFEINTNS, HELEEOEKE L TREENTSED.
45CTHS 150COBTARICL VEREENTWS,

Cs=138T+7325 , (3-45)

2T CREROERR (kek) . TIHEE (T) TH5.
B 4 R 0D E B (pC),, VLB S BT DR B RRD & 3 BT B,

(oC),, =(L-n)p,C; +1S,p,C, (3-46)

T C iRk DEER ke + » IZREERE () . SIIEAFE O . o REMOEBE (kgm®) .
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o VEKDBEE (kg/m®) TH 5.

2) #inEs

MEERORRBFEIIERED A I HRBEENERL A ELEERICTH 5. FEBEX
bentonite DG IRIIEIRHEEED 1.6g/cm’ B 3 W 1. 7g/em® DEFEEKICEAL T DL OEKE
RBICBWTHEEINTVS, RV ICEOHRERT.

% 3-13 FEBEX bentonite (DEMREER >

ERmE kit pafnE MREER
ps_(g/em®) » (%) S, (%) A_(W/mC)
1.57+0.03 1.0£0.7 4+3 0.52+0.04
1.59+0.04 145%1.1 564 0.75+0.10
" 1.61£0.03 24.5+3.0 98+ 14 1.23£0.12
1.68%0.03 0.8%£0.9 4x4 0.6340.01
1.71%0.03 13.8+1.2 64+5 0.8940.08
1.71%0.03 21.4+1.0 1005 1.24=+0.08

¥ 7=, [E 3-60 1712 Bentonite S-2 35 & 7} FEBEX bentonite D iHFICE L T, HlE SN SniiR
Ot L EREHERT. G4NRIIIESNEEREZEERT. 2L T, & I-14 ITE b
MBI B FEBOMERT.

14 oGl (3-47)

ZZT ARBEHEHE(WMC)., S EHENETHD. £, 4, 15=0 DFBOREER, 4,135=1
DRFOBEHEBDETH 5.

% 3-14 | 3-4N) RICHIT 5 BFRHOE >

Bentonite S-2 FEBEX bentonite
Az 0.391+0.08 0.57=0.02
4 1.34%0.06 1.28+0.03
%o 0.54+0.03 0.6520.01
d; 0.15£0.03 0.10=0.02

.57-
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14

{  FEBEX bentonite values

FEBEX correlation
X Bentonite S-2 values

— = Bentonite S-2 correlation

Thermal conductivity (W/m'K)

i

04 | } j i
000 025 050 075 . 1.00
| Degree of saturation, S,
B 360 BMEEEOBABERIEN Y
3) WEERARE

B 38mm. & 78mm OAREBOEHRARY M1 MeftEEELTWS, #EKEEEE
14CHS 50°CIEHIE L - ERAOH TED., FOBOOTAERNSHIZRREEZRDTNS,
% 315 IR EE SR T. EEEIZRN 1.0X10%°CEizo T3,

= 3-15 RERSIRGER

etk R EE a7k BEZEL BIPIRRE
' (g/cm®) (%) (C) (1/C)
1 1.68 14.42 22,6 - 14.8 5X107
2 1.68 14.42 16.6 - 41 8Xx10°
3 171 12.53 31-51 21X10°
4 1.71 12.53 51-41 6X10”
(2) 7kIBYFIE

1) BRFIFERERE
Bentonite S-2 I2BAL T, KR L3 KEKGE L (m/s) EHRFBE, (g/em®) DBEFRHLRESN
Tha, '

Log (k) = -8.14 p,-0.72 (p; = 1.1~1.4g/cm’)

Log (k) = -2.97 p; ~8.29 (p; = 1.4~19g/cm’) (3-48)

—77» FEBEX bentonite {ZB8 L TILKRAD & 5 B RE & (mfs) CEREE (giom’) OF
BB THS,

-58-
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Log (k) = -6.00 p;—4.09 {(p; = 1.30~1.47g/cm’)
Log (k) = -2.96 p;—8.57 {p; = 1.47~1.84/cm’) (3-49)

-10.0

19 X

\X

-Iz-ﬂ

X\
x .

logk

-130 -
)2%) & FEBEX bentonite values
&S < X Bentonite S-2 values
% e Bentonite S-2 corvelation
-14.0
1.10 1.30 150 1.70 190

Dry density (g/om’)
EJ 3-61 FEBEX Bentonite & Bentonite $-2 &DELHE >

3~61 713 Bentonite S-2 33 5 X FEBEX bentonite D /KGO 27,9, FRLD. FEREX

bentonite i Bentonite S-2 IZERTEFEKBREINEINI &8P B, LhL., TOERMNEL,

BRI 16g/em’ 33 & TF 1.7g/em’ D D Bentonite S-2 D 7K 73X ™ FEBEX bentonite D&k R EX
IR BILEENEN 14 BRUP 15 TH B, '

1.0x10™ &
"

@
€ 10x10%
> O pistilled water
2
] @ Perpendicular to compaction
= 13
g 1.0x10 X Paraltet to compaction
o
P A Granitic water
3
g L oxi0™ 4 Saline water
"g‘ o
==

1.0x 16

1.10 1.30 1.50 170 1.90

Dry density (g/cm’)

B 3-62 RA3EBBEKICEYBONAEEKGEROMOLE: (FEBEX Bentonite) *¥

.59.
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3-62 I2id. B3 BEEKIC X DR 5 NI Bk iR OfE (FEBEX Bentonite) O B %54,
& DHIKICE D3R B NI BRI AR E D 2 E B D,

2) EEFEARFRE -
TREFZEARGRE (k) BREFERRE EEFTD. Rk, TRAMBKGEEEERRE &)

EEFEKRE () OBELTEIND I LML, ENRESA Tl fEfiE&EEZ2AROL
SICBKGEEZHEMEOBRKETOIZILICLDREL TN, '

k =S5" - (3-50)

FH om OEIZDONTIE. CIEMAT IZXDERENZBERR (B 3-63 2B BROWHENIC
FORIEL TS, ZORRICEIVEBOENEEAEBEERBIY m OEIIITOED THS.

K=295X10"m* (FIIRE n=0.4) (3-51)
m = 4.64 (3-52)

FREEERD UPCDIT BN THERINTNS, ZIZTE. R bFA MEELTWY

BEBRSOYKRASOREICHL TOBRNETERS D, B 3-64 ITRTIDIKERER

(FEEE) ZA L TR M FA MARINTNS, RBRIEIEHEZ 0.8MPa ICREL =8IV E
AWTERINTNS, XY Mo MEESFOIMEEFEIRX 1.76gem® THY. WKL
13%TH5. RRFREGHTOEKLOBLIIRS Ao, CORBRICLVEBENERY
b FAROBRESTOVHINIC L BN Em OEIICEMATICE VBN AELRRDESRE

Lok, B 3-65 KB EASTOFEME L EFE S OlBERY. T, BKER (BB &

B S b REBKEROBEORENTHOIER. Z0HE4S LRORBRBEENSESNEm D
EEIZRER2EERLE, E16 TN 0RBRERENSRAEINE m OEO—EERT,

£ 3-16 RASEBRERENSEEENEm OEOHE Y

ERER m DfE
BHE#ABR (CIEMAT) 4.64
EiHEER (UPC-DIT) 3.50

FOKERAR 1 3.06 .
BACERRR 2 110
FKERRAR 3 1.68

.60-
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INYECZION DE AGUA PRESURIZADA

R weonsue

Bl 3-63 REEER (CIEMAT) DEE>W

-
/ ENTRADA D&
— ARE A FRTSIOR.
———

b

1
b

(KR
ot
‘0.‘0

)

T

I
LTI

BN

» -

B 3-64 2FEER (UPC-DIT) D=3
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26
N
RS U N N o —o - Messured att -1 cay
E 3 b - @ - Measured att =2 days
o : = A = Measuredatt=7days
[} { H .
2 T3 SOOI SRR, 3 S SH— A Estimated

14 10=.eey =

14 i ; i

2 3 4 B 6

Distance to granite contact (cm)

B 3-65 BEEER (PC-DIT) KKYBLNERY A FADEBIHD
2Bl & AT & LR Y

3) kit (V4o ar EEkEDER

B3 a rORERRSERICIVTDONRTWS., §habb. FIEORBEERICEMREL
B R MEREET VS —FHIRAN. T —FROERBEZRENEREZRWTE
EOEICHE L. EEIC o EEAOEREOSKEERIET 2L 135D THS. EHAFOH
HIEAEIE 105 TH Y. BER20CTT—EELE. ZIT EHBESY S 3 P ORGKREIUT
DEBITB>TNS,

$=pu S 10(h) - (3-53)

2T, si3Yr I ay (MPa) . p,AKOEE (kgm') . RIEKEER 8310/mid K - M
KOHFE (0.018kg/mol) « TIHHEHRE ® . A IHEEE () ThHa.

3-66 |=. FEBEX Bentonite iZE L TORBROBERBSNEKIL LYY ¥ 3 Y OBMRERT,
RBERRIMEREE (o (gon®) ) THN—THFENTND, PHEREEH 1.67gcm’
& 1.75g/em® OFABRIE CIEMAT TEMBSI NZHDOTH V. 1.64g/em’ DFERII UPCDIT TEH=N

FHDTHD, ST Hrars MPa) Eakibe (%) OBEKIIARNOLSITHELENTY
2z, 319

w = (45.10420 — 39.2) — (18.8 pup— 20.34) log(s) (3-54)

.62.
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...........................................

Water content {3¢)

0.01 0.1 1 10 100 1000
Suction (MPa)

3-66 IKSMSTEHHROIRE T >0

Y7 a OB ESBETEDEETH D, B 3-67 I7. SHHEZREEICRTSERE
EEHr I aOBREERT. Y a2t 400.0MPa S 0.1MPa OREENIZBIT 2 EREER
KR TERINTNE 4,

p, =1.155%13Fa0"08 | (3-55)

% 7= Bentonite S-2 [ZBI L Tid, 273 3 248 2.0MPa % & 385.0MPa O TRIAD & 3 72 B
/BENTVB >,

®=36.1-12.0 log(s) . (3-56)

T T, PHEAEEAERIIEERL TWARL, E3-68 2. CIEMAT BXUUPCDITIZLD
BEENEERS A bOF T g -EAKEEROT Y b ERSHRBIUES6ORITKD
SEINZANRMEHREERT, AEKD. 2BEONRY b1 FOKSREHROER ML
ZEBGMhD, .

B2 a L OEINNE HEETIE. BEYW 2COEBEOS/KEEOEIZIBEDN 20COREDE
2% ¥, bt A—SKLOBEE., BERBNEIN, ¥/ a  OERBKRE<RS. U
ALENS, THicETRBRIIESNAEABETULMAERENTHEWZD, SRER BTN
BETH D,

-63 -
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19 ¥ T T s :
18 .-gu|,. P = 1.67 g[cma

e A

X Po = 1.64 g/cm’

1'4 ........-.....................-.?..n.......-...................%-..u...n.n.n........m... 5

Dry density (g/cm’)

1.2 -...............................E..............................5..... o

00 i e
0.01 0.1 1 10 100 1000

Suction (MPa)

FH3-67 ZBEBELYS L3 OBFRY

60

< FEBEX bentonite values
X  Bentonite S-2 values

FEBEX bentonite correlation|-
== euan Bentonite S-2 correlation

SRS

50 N b ...........................;-...-...-"-n-...-

30 e § ..........

Water content (%)

104 _. ; < A

001 01 1 10 100 1000
Suction (MPa)

B 3-68 2RO b bOKS RO LE >

BEFTESICE. —FEREERBICBI KL EY Y ¥ a 0K EE-Yo 3 a VH
BB BDNIBFEEKB-I I 2 a VER) BRETHE., COBEREESEDIC. 2EEOHRY
EENz. CIEMAT 3. 72 a VAEOmEREERBRERE (cedometer) AU, MEICEK
DEREBERECRNESIC U THEREEBL . UPCIE. R 74 Ny —RHOBERICHREE
AN FEEEFRECZNWES U THEREERL . EE5bRIEBRICIVERZERLT
1{36 3-14)° ’

KRR IR, TR T van Genuchten ROREERET A EICX UKD ENT NS,

.64.
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i, KATRTESHROBEEREY 7 &5 > OMAKRE WEBITHEITH 5.

. R
Mq[u(smo)a]

-4

-4

S =S, m

7 min =[1+(S/Po)ﬁ:| []_—s/Ps]‘ls

ZZTy Spnins Srmax 1ABRANB L RKEFIE, Py P A A BHBENTA—FTHB.
£ 317 CERBEERIIBWTHEIN Y 2 a V EEMEOBEP SRS NZE/NT A—
Y DEERT. B 3-60 17, BlEEBIUEERICLDESNE K EEHEERT. £/-. &
3-181z, —EfEMI BB 2k - BERES B ABICREINAY Y > a > MmUEOBE,
P S L OBRRIC X D E SN A Ko iR

HRESNEE/NTA—FOEE. B 3-T0 i

(3-57)

(3-58)

BRY .
% 3-17 EMERICHTHHEMED SRAEENZNS A —F DOfE >
HIREE Ba%al Py N S S P, A
~ pe (g/em) (ESIIE 3-69 ITHIR) (MPa) : (MPa)

1.70-1.75 van Genuchten (1) 9 | 045 0.00 1.00 - -
1.70-1.75 - modified van Genuchten (2) 100 0.45 0.01 1.00 1500 0.05
1.60-1.65 van Genuchten (3) 30 0.32 0.10 1.00 - -
1.60-1.65 modified van Genuchten (4) 35 | 030 0.01 1.00 4000 15
1.58-1.59 van Genuchten (5) 4.5 0.17 0.00 1.00 - -
1.58-1.59 modified van Genuchten (6) 2.0 0.10 0.01 0.99 1600 1.3

& 3-18 bk - BRMBRICEIZANEENSAE S Wi/ A —& OfF >
HIREE BEEH Py P,
pa (gfem’) (FSIE 3-70 123 ) (MPa) A S Srmex (MPa) &
1.70-1.75 van Genuchten (1) 180 0.62 0.00 1.00 - -
1.70-1.75 modified van Genuchten (2) 100 0.45 0.01 1.00 1500 0.05
1.58-1.59 van Genuchten (3) 30.0 0.15 0.00 1.00 - -
1.58-1.59 modified van Genuchten (4) 2.0 0.10 0.01 0.99 1000 1.3

.65 -
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1000
100
Dry density
g/em’
" i
E 10 0 1.75-1.70
E A 1.65-1.60
2 1
& ¢ 1.59-1.58
FAP TR AR NN ARNUUN SRR ST WU SOV RO |
0.01 i . . ; . Rl
02 03 04 05 06 07 08 09 10
Degree of saturation, S,
3-69 REBRICHT Bk kg >
1000
100 +
- Dry density
g 10 - g/ClIl:
5 1.75-1.70
g 1
& ¢ 1.59-1.58
0.01 i ; ; i i i |

;
02 03 04 05 06 07 08 09 10

Degree of saturation, S,

3-70  HEk - BEEERE ICHIT kg >
4 HABEREH
R b1 bOBEREIL. ERHTAZEETEATIHRETRDONTNS, HEED
EERBET 1.50~1.70/m’ T, REZEKLOHEREEZHNTRBRNRERINTHS. BEFR
2@ 371 TR, £k, ARRE T4 vF4 i BonlREbRLTND, ZOE
DRELLTFOBD T, BHE 25~80%DHR 2RV ERBRERIDESNTNS 19,

K, =3.164x10"[e(1 -5, )J** (3-59)

.66-
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ZZT K, (mfs) WHABKRE, ¢ ) XL, s O ZanETHZ. F—amEicsly
BEHABRERIIEREEORRTH Y, A—EBEECBNWTIE. SMEOLRLEDITRD

95,
T
&
=
-]
g
g
2
3
v

(3) F1zinE

01

3-11

e (1-8)

) —sEREERELUVZHEREROBE

ZDFABIL. Bentonite S2 ICDWTDAERIN TS, HoENF—EIFEREIRL. HRASK
LR THBBEN 1.70g/em’ DHEMAE T 2.5MPa THo /. Eir, EREGENEMT S &K
C—HERREIIENT 5 ENWSBRBELNTNS, £ B4 ORBREG TZMEHERRN
EHEINTBY., FOKEEE I-10ITRT.

HZABRER OB EE >

Dry density

g/em’

1.5
1.6
1.7
1.8
1.9

@ ¢ O QO

#£3-19 ZHIEERBRER
IR FIARRFNEE oy DELF EN PR &
(g/fem®) ' (%) (MPa) (MPa) (degrees)
1.6 41 - 47 0.5-3.0 0.7 25
1.6 41 -47 3.0-10.0 2.8 ‘14
1.6 41 - 47 10.0 -30.0 44 14
1.7 49 - 60 0.5-3.0 0.8 30
1.7 49 — 60 3.0-10.0 1.0 26
1.7 49 - 60 10.0-30.0 35 16
1.8 53-59 3.0-10.0 4.3 16
1.8 53-59 10.0-30.0 3.6 18
1.9 65 ~79 3.0-10.0 4.5 19
2) ERHER :

Bentonite S-2 IZBE L T, EHERE (Oedometric test) Z3EHETNT WS, HEEOHIHEREE

-67.
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I3 1.40g/m’ & 1.60g/em’ TH B, 3= I-20 ICRBROBERERT.

£3-20 ERERERY

BB JERETEEK LA =p s MRS | BRREERRRK | BEKERK
oy (glem®) C. C, a, (m*kN) m, (m%kN) k (m/s)

1.40 0.38 0.20 2.5X10° 1.7X10° 4,7X10"

1.60 0.38 0.33 2.3X107° 1.4X10° 1.3X107"

F7>. FEBEX bentonite i L T3, BB 1.63g/cm’s S7KHE 1L.7%DEREITH L TY
TarEar - )VLEEESREEREL. DTOLSREREENTVS.

e = 0.8169 - 0.1268log(o - p, )~ 0.049681log(s + Py, )

3-60
+0.054091og(c — p, Ylog(s + P ) 69

TIT. e lIFEBEEL. SAIEEIES (MPa) . sEHI T3l (MPa) . p idZERE (MPa) \ pum
BRGE MPa) TH3, '

3) REEEER
Bentonite S-2 IZE L C. BABE P, (MPa) E¥MEH e, (goem®) OBRIE I-T2DXIREF
5NTW3B, Tk, EBRRNEUTOLIKE>TNnS,

P, = exp(5.90, —7.9) (3-61)

. Fl#17. FEBEX bentonite ICBILTH, HEE P, (MPa) L¥iREEe, (gem’) OBIRIIHES
NTHD, B3-T12ITRL TS, £z, EZRBRARBLTOLIZEoTWS,

P, = exp(6.77p, —9.07) (3-62)

FEBEX bentonite DIETIFE L Bentonite S-2 ICHEXRTETEWEEZ-> T 5,

.68.
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20.0

15.0
«
% O FEBEX bentonite values
g 10.0 X Bentonite S-2 values
wr
& —— FEBEX bentonite correlation
2
gla """ Bentonite S-2 correlation
= 50
£
m .

0.0 il .
1.10 1.30 1.50 1.70 1.90
Dry density (g/cm®)

E 3-72 BHEE&ERBEDBE Y

4} METTORMEER
B SRFEE 1.60g/cm® O FEBEX bentonite 12 LT, oedometer ZAWVEBRNEREN TN S, &

BI7—AThD, 47— EEWMWE 0.5MPa T, 34— ZI3HME 0.9MPa TEHEEN TS,
Fz, RBALEUTHBEKEBEWSN, BEEE 21 10RT.

1)

& 3-21 METTOEMREREE -9
WWE 0.5MPa AT 0.9MPa
ARG # b5 3 - 1 #;HE - RAg -—
EEE | Akl | Skk H%’?f)& ERERE | Sk | Akk H%‘ff?
(g/em’®) (%) (%) ? (gfem®) (%) (%) ?
1.61£0.01 | 13.9%0.6 | 392407 | 17.5+0.3 | 1.60£0.01 | 143+0.6 | 36.8+03 | 14713

F/z. & 312 [T5RT granitic water 35 K U saline water & FAWGEBRISIEREI N TN 5, BWER
0.1~3.0MPa ThH 5. HAEOEBREEIL. granitic water THIF X B ED 1.50. 1.60.
1.70g/cm’ T, saline water THIFI S ¥z FD0 1.60. 1.70g/em® TH B, H 3-73 CELEBE
1.60g/em’ DERAKICE L T, BR3EBKCRMIBEHOBEOTAOEEZFT. BEOTR
OEIEHBRKOEBNVIZEZZERFNEERELBLY, BBEKOEANBOREVT ENSH

éo
W|MWEo (MPa) BT He () OBEBIZUTORED EizoTWS,

(3-63)
(3-64)

£ =-9.4+15.%91log(c) for granite water

€ = =114 +14.4log(o) for saline water

-69-




JNC TJ8400 2002-021

1l Lttt Lyl oL rull

Water type

1 i A Saline

Swelling strain (%)

; X Distilled

T T T TP T ¢ T =TT 17

0.01 0.10 1.00 10.00
Vertical load (MPa)

373 BEIREEE 1. 60g/cn’ DEEICH( BIEEOFHDM
F/-. UPCDIT BETICRT LS4 @%#T@ﬁﬁﬁ%%ﬁ“bwéo
PR IRIBEE ¢ 1.57g/cm’~1.87g/cm’
TEKEL 1 117%
ERWE : 0.01MPa~10.00MPa
FOHE, BEOTHe (%) THLT, 3-65ROLD BBEFRAFLNTNS.

& = —46.93-19.35log o + 36.59p,

T oldEESS (MPa) | 0 3EIEEE (gom®) TH5.
i, B3-1417, SEHESECBISEERH EBEOTAOBKRERT.

-70.
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||||! 1 I!IIHI:I 1 |1|r|||! L lum!
1.
§ 4 L
£
g 40 r
%
= | i
®
E 204 -
0 »
; i i O
T 7 "'“,”i T T T T T TTI0
0.01 -0.10 1.00 10.00

Vertical load (MPa)
B 3-74 EEST SEMOTHOBE Y
5) HAMTEMRE
FEBEX bentonite IZB L T B AMBHEBE ¢ BN TS, BEEXR I-22 BXUHE 3-75

[

+*£3-22 Ay hIA O ABEERE Y

zﬁ AP o— —_— TABEERE G (MPa)

(/e (%) (%) 0y=0.01MPa | o3=0.IMPa | 0;=0.2MPa | o3=0.4MPa | ©;=0.8MP2
gicm®) :

1.58 14.7 54 | 0.757 140 207 245 360 370
1.66 i3.6 57 0.668 211 223 270

S 1.54 3.4 12 0.802 78 106 174 208 326
1.56 2.8 10 0.777 89 106 138

1.62 | 24.6 95 0.717 240 270 331 336
1.66 21.3 87 0.677 252 296 370 429 502
1.65 4.7 19 0.685 74 90 137 190 310
1.72 10.4 47 0.615 200 - 219 293 381 429
1.68 3.7 16 0.652 61 89 141 200 290
1.62 12.7 50 0.713 122 180 240 299 387
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450

250

150

Madulo de corte (MPa)
!

50

0.00001 0.0001 0.001 0.01 01

Deformaciones %

005 -=01 -+-02 --04 -+08

B 3-75 BRAIEE S0%DELSEAIC 1T B AR & 2561 & DBk >

6) 34 FERORME

FEBEX bentonite IZBAL Tld. —HIEHHABRICL ORI AT aw 0P aA 2 Mich
VABERN EEMOBRRESNTNDS, B 3-16 CREENECRYSEEIENEEMNEOD
BRERT.

1.8

1.6

1.4
= : : Degree of initial
g 1.2 ] . saturation
2 10 e ——  5,=085
£ f Ay
508 ; A f_ b §,=045
: $ T o
g 0.6 J &g §8,=0.15
% 04 L ,,80/

0.2

0.0 — i

0.00 0.05 0.10 0.15 0.20

Joint displacement (mm)

3-76 BUEHNEICHFAEELGN EESMOBIER Y
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3.3.3 BRR(CHITZBA-K-IEIHERN SR

(1) BBRICLBEFIDF v ) T~ 3 rOizHOB-KERFER

R b FA FORNKEREICETIENHABREERL. TORRE (BRESN. SKLSM
EHWTHEBTAOANT—F (ESEB L UKERE) OFy U Tb—2 a3 23fFbhtTna.
BT a— R &L TIREEESRMSN 2 — F CODE-BRIGHT(V2.O)M AN ST S,

HKEREBREBEOBEZE I-T7 ITRY . HEBOHESE (EE 38mm. EE 76mm) ORTH
—EOHBEEL, RNOEOBELZBEETELXDITR> TS, H#EAKAOERITIL 55m
DEXDE#AMBENTH S, i, EEANOHRBEOEMEREICT 240D, 2 DOHEMA
We—F—2HATHHRICREZINTNWS, b7y —RBHEMOEFERT. EE 38mm. £
50mm THEIZ S EQ/NHOBRIERAZEHL TS, AR TIR2.6WOERBORBNANE
. HRAOHRANRIOBRER 70~80CT—E Lok, KRANT. KIERICKD 30CICEZE
L7z, 32— R CODE-BRIGHT IC& D ANDBEDRANFHEEN TS, TOKR. AED
AREBETED 0% THo7z, THLD. 2RKTEHMNFENTONEREIRBEINTND,

HE P IMRAOTEH CIREORRELMEEIEINTHWS, . #RFRHICBNTH IR
TREOEEALMHAENTVS, RERTRIT. HEAORS TEROEMINGEHETHTY
5. LT, BBRICHEKIT 6 0B, EFTOEKENELENTNS,

HEAEOEREE 1.68gem’ T, /KR 153, 169, 17.1%0 3FEICH U THBRAER S
NTW53, BREORELSIOFEF2E 3-78 1277, REIRBRME, K 10 RERICRIEE
BEE-TWD,

GEAR PUMP

VERTICAL LOAD PERSPEX ELECTRICAL HEATER
THERMAL INSULATION
SOIL L%
: U i Kby T3 AT 1 ’ THERMOCO UPLE
<5 11 I MEMBRANE 4 &
?E—-—gs \! S
= WATER | l
{=—H " COPPER N
i ELECTRICAL L CA— .+ B
I NV R W 1 i ‘ <f=JJ=_>
B R — | oy e :
1 HIEL-| 1 (—
I | 0-RING i —
I ——— | WATER AT
l =’RO0M
b I T TEMPERATURE
X o 7 ' T=22°C
| i
ACQUISITION
SYSTEM AND
POWER
\ SUPPLY

377 B-kEREBREEOEE Y
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80

Initial water content 17.1 %
; : e Heatgr x=0)
—¢— X=19.5mm
—0o— x=38.0mm

—a— X =58.5 mm

Temperature (2C)

—#— Cold end (x = 78 mm)

20

0 1 10 _ 100 1000
Time (hours)

H3-78 BokBERERICH 2 EROESETL
 EEEOBREMD L ORBR TROSKEAHERNTERINOEY U T L — g Vit
NTW3S, BRBRICBWTIEBEONSA—FIZELTEFy VT L — 3 »dfTbhiTnhs, *+
YU T L—3 3 VAARE IS A—F U TOBY TH 5,

. BERIREE I B B AR R Pt
. = .
- BB KRB B R m

BRI OEEERA, AN, KRV FENRFICBI) 28 EERBAEEINES, OBEKEL
TEEL TV,

A= ) (g 50 | (3-66)

ZTT PRI BT %’%Eﬁ%am X 047Wm CTEELL TS,
¥ie, BERAIEERRICETING A Y THS. £, FH m EHVEARICL D HLFEK
B L ZEHEL TS, '
k, =(s,)" | (3-67)

EXEORLZ IEmORBBICEIVFEEENEZENS A—FOMIE. FERICESBETHZHN
RIVICHRTIEDITETRIEZ- TS,
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& 3-23 B-KERSBREREAVTRAESWAENSA—FDEMY

R A K m T Asar (W/m'C)
1 15.5 3.06 0.56 1.19
2 16.9 1.10 0.74 1.31
3 17.1 1.08 0.90 1.18

U ERBEE (SKE) OEELBNRTA-Y m L& OEABESHEREOMEETS. i
i3, BIESNESARESEERRETSHD, TRABHS NTA—F mick VTR EEH
By NSA—FATLOXE) LEELESBET DI ENELLASTH S, -1 iTid, &
B 1ICBIT S BMERE/NT A=Y m BIUDOBERERT. ARICET2 024 —BIZA—0
HEMEEEERL TR, JORLY, A—ENEREERS m LroOMBEDERELFE
THTENGDD. BEFCKORAEINAL/NT A—FIiE. BHEEERE/ &/ 5B I EE
LT3, AR, BKERBROMBOr — A EDRAESNENS A—FOHBELRLT
Wb, 37‘:\_ R LEREEARICI DRI INANT A—F (ZDEE, m DH) bRLTVS,
INS XD, FSRBRICEVAEINENAS A—F OEIRIEIER UABICEEL Th5a - &00h
5, CRODREEBERLT. £ 324 ERITNRSA—-FE2REBELTERL.
CODE-BRIGHT iz L B EHTICHNWTWA,

1.4
Bentonite-granite
1.2 4 inffltration fests
E
[
£ 107
& Tefion cells
el infiltration fests
‘2 0.8 A
E .
= 0.6 -
Controlled heat __—""] ™. Adopted
flow tests 04 1 parameters
02

10 20 30 40 50 60 7.0

'Exponent in relative pexmeability law (m)

B 3-79 HERESWE>

& 3-24 FBAFICRAWENRS A= DOE

NG A—H &
k., (porosity=0.4) 2 X107 m?
k.. s>
. T 0.8
A (W/m'C) 1.15%0,470-5)
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EIUITFEITNTA—FEAN, BB, #oKERRES OHHTA CODE-BRIGHT %
EX, EREEORENTHONRTWS, B 3-80~K 3-83 IZ. SBERERT.

1.00
@ nepems M -
'§ ! : ; =-=-@~~- Measured ait = 60 days
k> ] :
g 0.85 oA LN @T R . Computed att = 5 days
Sl
2 e —(== Computed att = 60 days
)
n i
0.70
0 2 : 4 6 8
Distance to hydration end (cm)
3-80 CIEMAT [CEXUSREShARBRABREBERER -4 CFRT
RS A—F E#RVTEBE N ABITERE & Qs >
26 \
24
- 2 “\\ --¢-- Measured att=1 day
< \“\ @ M datt=2d
E‘ 20 ;‘\ easured att = 2 days
g “\ --k==- Measured att =7 days
£ 18 e ‘\ :
§ \ "'-.k —c— Computed att = 1 day
16 K = —O== Computed at t = 2 days
: e Computed at t =7 days

2 3 4 5 6
Distance to granite contact (cm)

B 3-81 UPCIckY REShEREFARER LR -4 IIRT
NRESA-FEZRVTEREINABITER S DL >

.76-
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‘Water content (%)

Temperature (*C)

o Measured temperature
O initial water content = 15.3
O initial water content = 16.9
A initial water content = 17.1
Computed temperature
initial water content = 15.3
— initial water content = 16.9
= = = = initial water content = 17.1
30 ' ' i
0 2 4 6 8
Distance to heater {cm)
3-82 B-kERHRER (BE) &R 3-24([RY
RS A—ERNTRESNBIER L OS>
21
<& initial water content = 15.3
i | initial water content = 16.9
17 A initial water content = 17.1
: Computed water content
———— initial water content = 16.9
----- initial water content = 17.1
13 A
1 i i i
0 2 4 6 8

Distance to heater {cm)

B 3-83 E-kBRERER (SKI) LRI-UICFY
NTA—FERWTERBEE NARITER & OHE >

.77-
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(2) HEtamit (Oedometric tests with controlled suctiuon)

CIEMAT (24 5 BEUUPC GEE) BWT, Y7 a>ar ho—RBIZBITZE
BHBRNERIN TS, RRICETIEHEARY M1 FOBERENFN 17gom® BLT
1.65g/em’® TH Y. SKEIIHARE (RERFICEE THS. BRI IBEEHRINTNS,
H1REL. -y EFEORREZELEZHOT,. IHEERENPSBHLTNIHDT, &
WANITIEAN Y MF 7 Mt & 5. B2 BRI SRR BERAS) EFEEELZHOT.
B EBITHr T arBBAIL TR BOTHS, EIBEIL. BEERERFETSEHNTE
BENELOTHY., BAREROYY ¥ a VESRICBNTHBAOREZ—EICLAHOT
BB, Y7 a ik, EREFAROENBEZRBECHERERWHATI I &ICXD 0~
14MPa DI T > bO—LENTN S,

3-84 17, CIEMATIC L DERENL 25— (EDS3 9 BLUEDS5 5) DHRERT, #
FEEN NI VWEAOHEN, BAEECBTAHEFRNOVTHINE B> TS, B 3-85
CREBAEBHHREREBICB T2 7Y a P RADBE (BEER ROoRBRERE. B 3-86 TR
BY 7 a AEREBT BRITBEROHRBRERERT.

Ry b4 FOBRANCBITEKBEBLCHENT A—FERDZ/-DIT, BEER OB
#4131 — ¥ CODE-BRIGHT ZBWTEREIh T3, RAfT#EMicXiioREEBRS JCmE
TTORMEROBITNTDON TS, B 3-8712. CIEMAT BXUUPC IC X DEE= N/-HE
DREBEELNFFBEOTALMITHRESORBRETRT. £k, BEHERICIDESNENT A—
FERN, Y7332  o—VEBRBOBHF bIThNTNS, B 3-88 17, BRS8N
BEREIIBT2BEERFOMBRER L TORTBRETRT.

1.10 T T TEIITIT T 1T TTITH T T TTTIN 1T TTTTIT
KR
b Y
1.00 .

\\
\\« . : —<— EDS3_9: loading under
0.90 \A suction, 505 MPa
\\
2 : A - —@ - - EDS3_9: wetting under
g N vertical load, 5 MPa
s 080 . _
4 x "\ ——&-- EDS5_5: wetting under
' M vertical load, 0.1 MPa
0.70 x
) gl o i A —/— EDS5_5: loading under
~—_ | - b suction, 0 MPa
0.60 - "l.
— ¥
T—_+ 5 *%*ki
0.50 1 Lo tguie RN L 1 eidli | ?‘i‘lllll
0.1 1 10 100 1000

Vertical load / suction +atm. pressare (MPa)

3-84 FIEREEEE 1. Tg/on DEEEICBITE
Y4 aayO0-VEERBOBR W
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Yoid ratio

08 302 N

Void ratio

1.1

1.0

0.9

05 +— IIHIII§ ] iIlIIiIIE | IIIIIIIIE 1111

T TTmn T OFTm T T i T 8T

WUV SOV AOURO S
Applied vertical stress
MPa

—o— 001
—O— 010
; E —Ar— 050
. ......... - :. ____0___ 5_00
: : —0— 9.00

0.1 1.0 10.0 100.0 1000.0
Suction + 0.1 (MPa)

B 3-85 H&iavayhO—IVEERRICHITSEETE Y
(PEZREBE 1. 7g/cn’, BASEFRRERECS TR HEBETOER)

11

I T T T T I

Applied snction

—f— 0.00
—a— 010
----- B  4.00
—o— 140

—e— 121
—=— 505

.

0.5 I T 0 I R

0.1 1 10
Vertical stress (VPa)

B 3-86 Y& araybhO—EBRHBICHET5EEEL Y
(MHIEIREEE 1. Te/cn’, BIE2Y 0 S 3 YREBCSTAHTBETORE)
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Swelling strain

Vertical strain

-0.30

-0.15 T N ........E........................

00 N

10,05 e

0'00 — .......................-..........E..................................:...........n....... f

0.10
0.01

0.1

Vertical load (MPa)

E 3-87 CIEMAT B LV UPCIcE U EESNAEBESBOBREBONEERO TR E
RTEE DS (IERSZEBE 1. 6g/cn®) 319

-0.40

-0.35

-0.30

«0.25

-0.20

-0.15

-0.10

-0.05

0.00

BN ERRIES

T T T

FTTTINE

T T3TTI

l IIIII1|§ I lllllll% ! IIIIHII'; L1

0.05 -

1

10 .

100

Suction +0.1 (MPa)

3-88 CIEMAT CL YRSy o aay bO—-NVEBHRICE TS

.80.

1000

EMOTH B EE O >

— Regression line

CIEMAT tesis

- = = Regression line

UPC tests

—O— Numerical model

Measured Aplied
strain vertical
stress (MPa)
——@~-- 0.1 MPa
w—O—— 5.0 MPa

Computed  Aplied
strain vertical

stress (MPa)
—_— 01 MPa
———— 5.0 MPa
e 00 MPa
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LEOHEBRIVRONIZHRILTOED TH 5.

 HBEBOREN S, BREOREE (420MP) & U ENETORMILEIEM -7, 5

2B B RARMEIL OMPa TH oz, LT, BRNENBEARORBROBIZIZ. BOoh 0t
HAFICY 7 23 A% 151 5 SMPa t:ﬁﬁ@\ﬁ-a%ﬁ:mg@g:g;&gﬁ% i

- BWEWNE WEE, B Y3 ROEE BHER) BN TAERFEOTARERIN

o BEZOERCEDARY Mo FOBERENAE RIROMN . ZOMRELTED
BHEOBBOTANSREEL L. LT, £0%. BENENERE R, BEoRmM
BEENL TNSOL AT, ﬁﬁﬁﬁk%ﬁ%%ﬁﬁﬁkﬁmmémﬁﬁﬂﬁk&mf
BREIXNTW3, '

* 120MPa DY 3 /'Cf*ﬁﬂﬁﬁl L 7= B0 E T, ﬁi‘ﬁﬁikﬁﬁmﬁiﬁﬁvm,ﬁbﬂf;ﬁlo

7o TLT, ZOEX Dké‘f;‘ﬁ'b Ta rTHBE LRI, Bk DREKCERRER
AT, SREERCATH o 2. %@/ﬁﬁz@@%ﬁb@btf&%ﬁﬁ’j:tk%’;‘lﬁ'%ﬂ%ﬁ
FEDEIEN i&:%bbtm\ota ‘9"723‘3‘5 'B‘ﬁ/a /%ﬁﬂﬁﬁk%i‘é‘%ﬁiﬁf}f?ﬂid\
ENLOLEZSND. L

(3) BRSO THY EENCET 520 DFEER

1)

Jady RICETHKEER

CRENYTIRBY BV a4 > OREC K ZAENRPEEET 5 LRI, Ya
b OB B HEFEFITH U TORERHRY CIEMAT KL DRBESIN TS, FHIIIEKBICETSY

i

12 rDRE, TVaA M MEOI—U TS (H 3-89 ) FITlL Trbi. EkRERzE

BINY 2GR TYHEEOEENREN TV S, SEREIZ4LDOFERAS M1 M BEE? THED.
BHRAEREER 1.61~1.23g/cm’ OEE T, MHOEKEER 15.0~11.7%08HTH 5. Ih
SOBBRIDBONCAREUTOEITH D,

» HE—EKET THAKIIEATIESE. WO TIBNAESRETLH - THREEBLY

HEIAMICBIZBESMR Y a1 > OFE, TORBIUBREFECXOIEENS.

CBREICBNTIE. RV MR N T Oy S RERBEUT a4 > MEOTEN SBET S, B

3-90 TR 2 BEOBRRICBIT BRI SKEDOHHERT. BRI, 4 DOHERED ¥R
HEHEAERZDOTHD, EENSBEIETNS,

- I OBEBREIEAEKET 3.
B LD P aa MR- ENZERIR, BHBREARRKEET. MiLoRBEEC

KEFT 5.

- BEBE 4 BEBOY a1 ML, sMPa L EOKERHAS B2b0 L5,
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3-89 JadfriEOL—IERTY

CTF25
Hydration
a) 100 b) 10.0
2.0 326 3234, _/ 2.0
-
8.0 8.0
7.0 7.0
-t - ~—t
-%-, 60 § :; 60
E g E
g 50 5 8 50
b g ot
3 ;i
4.0 32,5 L 3] 40
3.0 30
2.0 2.0
214 214 217
- »
1.0 1.0
1 .0
00 0.0 1.0 20 0
(em)

3790 - ERBRTRICEF3SkES% GEAITD. 5MPa) 19
. a) 1H#%. b)7HE
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) HoaryBLUEEHETICETEEAR

BESHTIZBIT 2 EERRY CIEMAT KBWTEBIN TN, B 3-9 ITRBRERERT.
ZhL, BY 223 il (14MP2) PORBREBBLZRHE sMPa TOHEBRORBRE., BY 7
a A (120~450MPa) » 5B EBRIA L /=L 0.1MPa TORBRDHERTH 5. B 3-92 1T
3. By a BrUBECRLIEBROBEOLEERT.

1.1 ~~A-- Dry density 1.60 g/cm’
Vertical stress 0.15 MPa
Temperature 20°C

~~A=-~= Dry density 1.60 g/cm’
Vertical stress 0.1 MPa
Temperature 40°C

—T+— Dry density 1.74 g/em’
Verticat stress 0.1 MPa
Temperature 20°C

~—&— Dry density 1.72 g/cm’
Vertical stress 0.1 MPa
Temperature 40°C

—O— Dry density 1.72 gfem’
Vertical stress 5.0 MPa
Temperature 20°C

—o— Dry density 1.70 g/em’
Vertical stress 5.0 MPa

Temperature 40°C
05 : : | —o— Dry density 1.69 g/em’
’ : Vertical stress 5.0 MPa
0.1 1 10 100 1000 Temperature 60°C

Suction +0.1 (MPa)
3-81 H4avbELUEEHNETICET 3 ESHRER >

1.0

0.9

08

Yoid ratio

0.7

0.6

---A--~  Dry density 1.60 gfcm®
Suction 4 MPa
Temperature 20°C

0.04 ~--4— Dry density 1.60 g/em’
Suction 6 MPa
Temperature 40°C

0.08 i s

ws-O—  Dry density 1.72 g/fcm
Suction 14 Mpa
Temperature 20°C

0.12

Vertical strain

— @ — Dry density 1.70 g/cm’
Suction 14 MPa
Temperature 40°C

0.16

—@— Dry density 1.69 g/em’
Suction 14 MPa
Temperature 60°C

0.20 L) T T T LR E T T ¥ L) T T 1
0.1 1 10

Vertical stress (MPa)

92 ¥ 3L BENREHETICSE 3 ERRBOBRE SN
A-0F iR 19

.83.
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3) BA-kiERKEER

ZORBOEME, N A FOMERFMET S 2 & BIU ERICUAHBITENGEHET
TEL2RKZHTAMITHETH L. TORD, HRAEOHHIM & ENTh, BB XTK
EZEWHT 5. @Bd. BRaREI0MEROEHEEZAVERINS.

* Large cell ; .
R PFAMDOEARERY M FAICEL 3 EEDREITERBONSE S ZZRETH
., AT 05, 1. 2ETH3. T, BBREERESRTHAN,

- Intermediate cell ; :

Large cell 12Xk BB TIE, X2 I MASMICELENW DD EEZSND, Lizho
T, FEEOY)L (ntermediate cell) BV TRBRPERT ., COHEBITBIF BN M
A MERAEDOREZZIE, BEDN 13em T, EEN 15em TH D, T LT, #HEEO LEEIC
10COREEBTT D, TL T, ARCTRENSEAE IMPa THEKD 50X granitic
water AT 5. HBROBMEZE 3-93 I2RT . HEAOHMEEREED L OSSR,
ThEN. 1.65gem’™s 14%THD. RBKTHRIRE 3-94 IR &S cftlERsEE 5.
FLT BOHLITE DAY M MEBASHEHEINS. 2L T, oW, ikl
R (EMEE. KK, B3 UTHES) MIEEThD. BB BEOHETTD
-, KEDHERMTZ5—X, Fﬂ%%ﬁﬁ?‘é‘%&-—z EIEREHENDS, RBRIT—HE
HBENTHY, KEITBWT—HRYT. ZO0RBRICIVESNAEF—FIL, THG EFILD
FrUTL—ra icAnshs,

- smal] cell ;

Z 2T, ’ Bl 3-951CRT K DREE 2.5em. EES.Oem DX b1 MMEEAEZ AW THE
BAfTONS, IMPa THREALZBRES. WMERAS SHRE THEARAMERS, Lisds
T, BR58REHTEEZOEREERT 3 - LS H#%S, #RAKODHEREED
1.65g/em’® T, FIMIEK R EREOHNBEICFEHRETH S (1 14%) . BEWE 2 &8 (60
~35CH LT 100~60C) TMRANZEFTIN, HAKORHAICB T AEATIIMAOE
BYRETEDILIOCHBINTVS., ZLT. BAKDEFN2EERZET DI,
2EBHEOK (granitic water B L saline water) DMER I N, RBREIBIZARMICES S EHE
WHET 5. afCET S OICHERRHEIIEIMCRE I N, BEMENY—R3H 16 B
T BESAEVLS— 212810 HTH-> .

R T, MEAMIETREMHICBWTAY M FOSYER. HEREE. kel

HEFFRIS Nz, X2 b FOWELERE, KB 2R EkGRE. BHEkN%) om
ABIU (ol REIL2ZENERE N,

.84_..
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Steel carcase g4 A
o2
Y
Plane heater 1.59
A
Thermocouples —_|
Compacted clay
5 g
5 S
Porous stone \
‘Water supply\ A
' SA
i | Y

Dimensions in centimeters

B 3-93 THCEHERD/=H>DHREREIL (Intermediate cell) DfE >

1.01 cm

3.00cm

3.00cm

3.00 cm

3.00 cm

Hydration supply

a

b

3-94 FF*E*%'EJL (Intermediate cell) [CHIFARBERTROY T A FEEW

a) Y LICKSRBAMNA
b) EDHEEE S UHhIRL AR RE A

-85.
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‘Water injection

‘Water circulation Heating and hydration systems

at constant T

" | Stainless steel

[ | Bentonite sample (25 mm high)

" i) Teflon with 25% glass fiber

95 mm

|

Controi system

Heaﬁng'device
B 3-95 THG SERDA=SHDAREEIL (Small cell) DBE>W

(a) Intermediafe cell ICKBABRBREDH
ZORBOXENE. NABIUCBEBICERNR b T Mo EUSKSBE., BEBETES
CHETAEENRM AN A AZTBT A ThHS, £, R M1 MEBARADELEE{ER
AT ARICEL ZKE RS T O X (BRI B4 R BEKIR) bR RTH
60 '
BEMETRBNEHEINTED., —BRELFEBDTHS., FI-BKERO—FZRT.

2 3-25 Intermediate cell ICd B SHERRSE D —f] >

] AR - SR .

: ) SR
gi RBRSEAF M B p:  BkME  fafnpE (:E*!;a)

B @ @) @ ®

CT-22 heating+hydration 26 4298 1.65 13.4 56.7 275
CT-23 heating+hydration 183 4204 1.65 133 56.4 . 486
CT-24 heating 168 4690 1.62 26.5 100 —
CT-26 heating 147 4285 1.65 13.1 554 -—
CT-27 hydration 148 4247 1.65 13.1 55.4 390
CT-28 heating+hydration 302 4315 1.65 13.9 58.8 in progress
CT-30 hydration. 302 4278 1.65 13.9 58.8 in progress

3-96 BIUE 3-97 KREERCBI HEREBIVESKILOSHERT. MBREREFD L
BPSTL, INRT 7 OERCHIET S, —F. EARERRFOTHRP ST, TNRT S
T DEGIZHEL T5,

BHEACBNWTIEEREREEOLEE (TbEHMEROEL) MEREINZ. . X

.86-
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hFa ROEEIcE b O EEDN. JhIcED, B 3-97 ITRT LS. PHOEEEER
B (1.65g/cm’) BT BEAREKE (23.6% LDXELRGEAEOEZEEATIERLTNS,

100.0
&) ——@— CT-22; heating + hydration; 26 days
g : : i ; —~{—- (T-23; heating + hydration; 183
"é. —%— CT-24; heating; 168 days
g i et CT-26; heating; 147 days
|
L g
Section 5 | Section4 : Section3 | Section2 ! 2
20.0 i i i ']
0.0 3.0 6.0 8.0 12.0 13.0

Distance to the hydratien source (cm)

3-96 Intermediate cell [CEARBICHITIRBRNAMSERORESRH Y

35.0
—@— Cr22
=26 days
heating -+ hydration
30.0
—A— CT-23
t=183 days
heating + hydration

—3e— CT-24
t=168 days
heating

25.0

Water content (%)

1

CT-26
t=147 days
heating

15.0

Se(.:.téé). S U A5

!

] Section 5 Section 4 Section 3 ESecﬁonZ CT27
i : : T t=148 days
10.0 i ] [ : :
0.0 3.0 6.0 8.0 12.0 13.0 hydration

Distance to the hydration source (cm)

-P

B 3-97 Intermediate cell [CkBEREBRITHBIT S RBIIBAKNDOSKLELF D

.87.




JNC TJ8400 2002-021

3.3.4 BRIRE

(1) Task 1 OREIBE
Task 1 DFEHEEIZLIT O 3 83— MBI TV A,

* Part A ; FEEOKE- S EREMARN
FEBEX Tunnel DMENCHES BB EIC BT BKEENL. 2 RIIVANOEKE DA
TS,
“PartB; R b OE-K-FR TR AT
FEBEX Tumnel AIZRit B X UR e —F —2RBLZRBROMARREDOAN L M1 FRIZSB
58K -Se TSR OB 21T/ 5. BRI AEAHAETRE, HRE. FBRK
[E, Bh. B, b—F—0+—F)HIETH 3.
» Part C ; H ORI FE AR
FEBEX Tunnel HIZHit B L —F —2RE L AZOMBHRIFO BALEBAICBT 5 #
IK-BFEREHOBFTFMEETR Y. BERINSEFHAETRE, BEKE. 5h. B
TH 5.

AIEHETIT, Pat B DEIHERICONWTRT.

{2) Part B DIRITRRE
Part B IC BT HEREBEIIL TOHED TH S,

(@) b—F —HAHOREREL

(b) EEH N OHIHBE OB L UERZEL
(©) BEHNOREDHHS R URREL

(d) BEMANOEINHORRENL

D b—4—HhOEKEE
3.3. 1 EHITHAZ K I, MREATOLS KRN,

- B0 20 BER 1L EOE—F—H7=D 1200W OFH I TIHRETRD.

cFOEOBEBRIAOE—F—HZ 0O 1E 2000W IC LR L TR ZETRS. £L T,

A F—N T4 F—DOREREN 100C /23 K5 ICHRFT 5.
- 53 ALIEIRBERE (1000) &ALk d5 1 t—y—2HHLEBREEHRITS.

EAIC L A EREET 53 AUBOE—¥ —HAHETH 5. BTTHENE 1000 BRETERET
50

-88.
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2) BEHAORMBEDSHE L ERNEL
() FEARDHTH |

BECH AT B 2 EBH M OHHBEOSHAFTRETH 5. BHNRIIIMETHD. &
FMKRO SWEELUTIORTED TH D, K 3-53 KRBT LSMERICABIRL TH 5,

- BFE Bl %=5.53m (at Heater 1)
- @ H 1 %=9.50m (220t —F—DHEA) |
«BE E2  : x=13.44m (at Heater 2)

e, HAREBEUCHAS A VERETORDTH S,

- R
ty: t = 90 days
ty: t = 180 days
t3: t = 300 days
tg t = 1000 days:

cHHST
RD1: along positive axis Z (+2)
RD2: along negative axis Z (—z)
RD3: along positive axis Y (+y)
RD4: along negative axis Y (-y)

HOEFmIZER 3-53~E 3-55 KoRTED TH B,

(b) E#AFDSHTH
B 3-53 1R T x#licin o 72 2 AR IC BV S BEO G IBIRETH B, HATT /»:m
TOBEOTHB.

Line LGl:z=0; y=-1.08m
Line RCl:z=0; y=-0.81m

Fiz, WK TOBRBY THS.
- AR
f;: t = 90 days
ts: t = 1000 days:

(c) BESZEAL
M BEDOEEEENL (0~1000 BE) BETICRTEAIDOVLWTRD S,

.89.
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-Wi#E E1 @ x=5.53m (at Heater 1)
Point E1H: coordinates x = 5.53 m; y=-0.52m; z=0.00m
Point E1C: coordinates x = 5.53 m; y = -0.81 m; z = 0.07 m
Point E1G: coordinates x = 5.53m; y=-1.10m; z=-0.17m
“WE H  :x=9.50m (2D0t—&—DHEL)
Point HH: coordinates x = 9.50 m; y = —0.52 m; z = 0.05 m
Point HC: coordinates x =9.50 m; y =-0.81 m; z = 0.05m
Point HG: coordinates x = 9.50 m; y = —1.07 m; z=-0.16 m

3) BEHAPNOREDHTE LRI
(a) FEAEDHTH

G B B L EARDREOH RN AE CTH 5. IS 2BETH S, M
S0 2HEINUTFICRTEY THD. B 1-53 It B 2B ERICEENRL TS 5.

- iE D1

: x=4.42m (Heater 1 D7 J— b+ 7S5 7 RIDHER)
- @ G

: x=8.91m (Heater 1 @ Heater 2 BIDHHEE)

Fiz, HIBEBBIOENS A VEUTOED THS.
- AR '

t;: £ = 90 days
te: t = 1000 days:
AT
RD3: along positive axis Y (+y)
RD4: along negative axis Y (-y)

(b) RBAFRDIH

B 3-53 10 R xEici o 2 R IC BT 2 REO S ABITEETH S. HHS51 2 EUTO
BEOTHD.

Line LGl: z=0;y=-1.14m
LineRC1:z=0; y=-0.8I m

Eie. HARMIZETOEDTH S,
* Hﬂﬁﬁ#ﬁaﬁ

f;: t = 90 days
ty: t = 1000 days:

-90..
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(c) BBrEZib A
BEOREEL (0~1000 B1) BUTICRTERIIDOWTRD 5,

‘WiE D1 : x=4.42m (Heater 1 D27 1)— 75 ZEIOBEE)
Point D1G: coordinates x = 4.42 m; y= —_1.14 m; z=0.00m

HE G : x=8.91m (Heater 1 & Heater 2 IO ¥R
Point GG: coordinates x =8.91 m; y =—1.14 m; z=0.00 m

4) FEFFAOLIEIOERZEL
2NN OFERZEL (0~1000 B U TKRTERCDOVWTRD S,

- BTE E2. PointE2G1 (x=1345m;y=-028m;z=-1.19m). Radial stress (o;)
- BE E2. PointE2H1 (x =13.28 m; y = 0.00 m; z = —0.48 m). Radial stress (o)
- BT E2. PointE2G2 (x=13.46m;y=-1.19 m; z = 0.00 m). Radial stress (o;)
- BT B2. PointB2G  (x=17.32m;y =026 m; z = 0.76 m). Axial stress (o)

4 3-98 [T EQ S mOERIC BT &M AMEOMEZ. B 3-99~H 3-101 [TIHEELW
BB I B SHARE. \E. BHOHIMROMEZRT.

.91.
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A Intermediate Service
Test zone
B M zone zZone
}.30 17.00 2,70 350 46.80
— I 4 e e
2.575 4.540 1.020 - 4.540 4.325
" - th -

D "ID1

channel
:" -------------- bkl R nlalobond "-.-.-f"'""""'
s p2 Il E2
i B2 B M2 H|
= m
0 1 2 3m
T ey Je—

Cable

[89]
=
jay

o Concrete

{1 Bentonite

Concrete Concrete
plug sill
c B A X s
| InStinménted-sectiOns i
Lamprophyre

B 3-98 4T B 9
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A 7
IRD1 T
E . Oordimaic(m
Point X Y Z
5.53,
RD1 | 950, | 0.0 0'14 ? >
13.44 .
5.53
y 048 to
v IRD3 - @2 1935:;):1 0.00 114
4—1 t —{— o 5.53
- * | 04810
E1H] RC1 o .R.D4 131;3 fésfi 114 0.00
HH! O E1gl [T 5ss
Ly oo o * | 048 to
- |rD4 § 950, 0.00
E sl 13.44 -1.14
—T o BT 553 | 052 | 0.00
L EIC | 5.53 081 { 0.07
B EIG | 553 | -110 | -0.17
: HH | 950 | -052 | 0.05
RD2 HC | 9.0 -0.81 0.05
HG | 950 | -1.10 | -0.16
: 0.00 to
. LGL | J-a9 | -108 | 000
0.00to
| RCL | [759 | 081 | 000
B 3-99 (BHMETERICST3EEEOHARL > k39
Az
Coordinate(m)
X Y zZ
442, | 0481t
8o1 | 114 | OO0
442, | -0.48t0
891 | -114 | 900
442 | 114 | -0.17
8.91 114 | -0.16
0.00 to
1739 | 114 | 000
0.00 to
RC1 | ‘{749 | -081 0.00

3100 EFRHAMERICHITZREOHAMRL 2 >

.93-
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A RFA b

or

Coordinate(m)

Point X v Z

E2G1 13.54 -0.28 -1.19

E2ZH1 13.28 0.00 -0.48

E2G2 § 1346 -1.19 0.00

B2G 17.32 0.26 0.76

B 3-101 EEFHEERCSEBEAGEARAS S k19
3.3.5 BEMAICESHR-K-IEIEBBRROBEFTME
(1) B AW B EE
1) S
(@) s

.HSEJ‘L-EQL/TFJ Bentonite S-2 ‘;Eﬁ L/T?%‘bhtj_"—-y E‘};ﬁ IA% %ﬁiuﬁg [73) 6%@“0)&&
(oC), RETF OB TH 5. i |

(oC), =(-n)o,C, +1S,p,C, S Rna (3-68)
ZIZT CREMEOHS UkeK) |« C,13KOLE (kegK) « » IZRIE () 5, 38EWE O,
o RBEHOEE kgm’) . p, IKOBE (kg/m®) TH 3.

BEAEOLEA C I TOLIIRET (C) OBEKELTERET 3.

Cs=138T+7325 (3-69)

;94.
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(b) BAE&ER
SAREER & L TI3. FEBEX bentonite {ZB L TH SN LI T OB#Z AW 5.

0.71
A=1.28- W (3-70)

T, ARBEEE (WK . S ERENE ) THB.

~12 F :
M [ //u ]
E1.4 F /
%10 -
N p/
B :
5 ! /c/
508
508 | A
Tor | /
E : _
5 [
= 06 Y—o—o—o—T—O“f{'\A
0.5 L L] L 1 1 L L 1 1 L (] 1 L 1 L L ]
0.0 0.2 0.4 0.6 0.8 1.0
Degree of saturation (-)

3-102 BMEHFEOMMEHEFMY

(c) #BIEREFEE
BEERRELTIE. RBRTELONAHEOFEME 1L.O0XI10YCEHNS,

2) 7kEB4FH
(a) S3F0FREREL

FEBEX bentonite ICB§L TIIRAD L 3 ITEKBRE b (m/fs) CEBRFEEp, (gem®) OREN
BonTna,

log (k) = -6.00 0, —4.09 (p; = 1.30~1.47g/cm’)
log (k) = -2.96 p;-8.57 {(ps = 1.47~1.84g/cm’) ' (3-71)

ERRXICBITLBEKBRENEE 25CIXBIET—FTHBEREL. KALVEFERE K
) WHRET 3.

.y

= (3-72)

-

ZTT pdKOMERE (Pars) « plIKOBE kgm) . g BEAMEE (06 TH3. B

-95.




JNC TJ8400 2002-021
B 2SCICBIT A KOMEREBIUVBERLUTOBDTH S,

©(25°C) = 0.893X10° Pa-s \ (3-73)
p (25°C) = 997.04 kg/m’ (374

LMo T, ERBEDN 1.30~147yem’ OHB TOEEBEBRERRARDOL DTS,

log(K) = log(-£-) + (~ 6.000, - 4.09)
g
= log(0.913x107) + (- 6.000, —4.09) _ (3-75)
= -6.00p, -11.13

EHRICREARBBEN 1.47~1.84g/er’ DFIE TOBEREREZRD D,
PLEXD. MmO TOEBAZHNS,

log(K) = -6.00p, -11.13 (g; = 1.30~1.47g/cm’)
log(K) = —2.96p, —15.61 (g; = 1.47~1.84g/cm”) (3-76)

G7ORTEA SN2 EAEBE L REE OBRIIE 3-103 DED THS.
10" prmrrerperre e

AN

-

o
L
[F=]

BN
it
s
v
ul

\\

3
I'_ﬂ‘
7

Intrinsic permeability (i %)

5
8

'y
-

1.2 13 1.4 1.5 1.6 1.7 13.8 1.2
Dry density (g/cm ™)

®3-103 EEEBESEEEEORE
(b) LEBEKERE _
FEFIBAGEE () WMFEITAS KEL. . FREABKFEIIHEKEE &) &
BB RE () OBELTEINSZENSN, ZLT, SHEREFEEIRROL S K kB
AR EMMEOEEK LT Ltk VERENTVS,

kr = Srm . (3 —77)
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FEBEX ICBNWTHRERFABREROTENICLD m OEZRAELTH S, ZEARRIIHr—X
FERENTHD, TNTNELD m OERFRIEINTNS. AEENHEE2E 3-26 IKF7T. F
oo TRHOENRBOMBTTHEDTONTED., MIFOBRICIER 3-260 DEZSECREES
i, F—EEANTHEEN ZEN TS, BIFICANSNEEDE 3-26 ITFRT.

FEAERROBINICIE, & 3-26 O3 5 EZENEROMBITICER I N m OEEBAVWSEZ LT
B, $abb. BABEEELTRRAZANS,

k. =S> (3-78)

%326 BAAEBREEMNSATEINA m OESECRIFICE N m Of

T A m DIE

EHES (CIEMAT) 4.64
Z2#aE (UPC-DIT) 3.50

Bk BoKERAR 1 3.06
BoKERRAR 2 1.10
FokERAER 3 1.68

1B 3.0

(c) koristtihiz
FEBEX IZBWTIRKS R (T2 g s MPa)EBFIE S, OOBR &L TREANAN
HENTW3S,

-A

(3-79)

1
S_Sl:uin ey
_2r TOrmin (74 ¢5/P Y2
S [cs/o)

ZZC Sin Sy (RN BEUBREIFE, P, MIMBING A—FTH B, FEBEX BT
3. BEEEBLUHAEBRBICBWTHIEEINEY /> a > EBMEDOBMAN & MBS A—
FHR I2NICRTESICRAIEEIN TS, :

REBERBROFNICIEE 3-21 055, BMERICRIT2EREE 1.60~1.65gcm’ DEDE%
AWwa, @inicid. XRIiCRT van Genuchten A& N 5,

S, =S, min =[ 1 ] " (3-80)
Srmax "Srmin 1+(ag)n :
@ =0033 (1/MPs) | (3-81)
n=2125 (-) (3—82)

-97-
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(3-80)~(3-82)K THE SN AR ER 3-104 ITR T,

% 3-271 BEAESLCEHKERICEISMEENSREENLNTA—SDIE

Suction (MPa)
S

iy
Q
=3

—

j=]
p.h
o

(0) BEARKIMLERE

B3 — F THAMES Til. BEARICL K088 L. RENEKIHEEHRED Z2RHNT
#8195, B Dy WRIHIC B TRUAR KERBBROBRZAVWTHEENNICRIEY 5. &
ot (@~ @) TRUZEASRE. WEKRE. KREidRZAND.

OB T OED TH 5.

0.2

Bratiit g 5 B4 38mm. X 76mm

TR EE 5 1.68g/cm’

BEERENE  2.6W 355 WIIR B ElE
RS KEE ; 15.3%. 16.9%. 17.1%

0.4

0.6
Degree of saturation (-)

3-104 RAFICHWB KRS SRR

0.8

1.0

i@.ﬁ %@%% PO A Srmin Srmax
P4 (g/cm’) (MPa)
1.70-1.75 90.0 0.45 0.00 1.00
=i 1.60-1.65 30.0 0.32 0.10 1.00
1.58-1.59 4.5 0.17 0.00 1.00
ek 1.70-1.75 180.0 0.62 0.00 1.00
1.58-1.59 30.0 0.15 0.00 1.00
10° p——ryr
102} ~
E S

HKERRBROBROYBMITP SFAE ENCREARKSERFAROERUTOED TS

2o

Dr=1.0X10" (m’/sC)
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Lo, @8HADEERANTERL ZENORRE SN ARAED 5 100 RERRIERICEIT
HERENDOEKEODAAREEREEBRL 20 %EE 3-105 IZRT.

22 -l L] ! T 1 771 ! L) ! T 1T T 7T i UL ! T 17 T 7T ! LEUSRASL ! L |.-
P S— e - b 250
o - : : : u! PR : -
S e R s i S
= ,‘A",:.’; ' ] ' '
8 o AT A s ]
g O T P N o o |
o I , - :“?’ | o wo=153(Measured)
f‘_a:: 14 == A o el A wo=16.9(Measured)
= - : O  wo=17.1(Measured)
12 R L reeenn : wo=15.3(Calculated)
-0 g - wo=16.9(Calculated)
. : : : | -~ -~ wo=17.1(Calculated)
| I 'l | 11 ¢t | | I T T | i 1t 1 Il
10
0 1 2 3 4 5 . 6 7
Distance from heater (cm)
B 3-105 B-KERAROEITERSATEROLE
3)  FEEAE
(a) BERE

RI-22LVTANEEREEEREEOBREEETS LEAN0BOLIIED. £ A
BRI S AR OBIR A BT 5 L/ 3-107 O X 51075, ARL D ®ABEMEREIIER
BEOMMEFITHML. HD. BRECHMCHES THHIML TS Z &89 h5, Liehis
Ty RROE ST RANEERK G (MPa) ZHBEEy (gom') BLUMMES, (%) OFE
B L ARE U CEBSHT R TR0 I |

G =c; +c,04 + 655, (3-84)
05=0.01MPa DR OEBIERZ AN THBANET L LR EXAITRY,

G = -234.7+176.0p, +2.1S, (3-85)

G8HRICLVELNSBLEFEICBT 5 B ANEERE AN ECRRZERAIE S ikl
P R AR 3-108 12w T,
T, HEREEIARLDVERT 3,

G= E
201 +v)

(3-85)

T WERTV I HTH S,
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600 T .
Il o a3=001MPa I
500 [| & ©3=0.1MPa A
. | O o3=02MPa ]
£ e o3=0.4MPa ° A .
i_, 400 A 03=0.8MPa I Y 5 ® :
o [ 4 L ) ]
= 300 o—4 4 O
=1 [ A ] N
Q N [m] Em} (] E
E 200 [ - A o) o A ]
3 o A I N
‘-% [ O o o] T O 3
100 | a) vy -
X ° T o ]
0 [ L L 1 1 L 1 L L 1 1 L L L 1 1 1 1 L L L ]
1.5 1.55 1.6 1.65 1.7 1.75
Dry density {g/cm®)
B 3-106 HABHEREKEEESEORNE
600 r—r—r—r—r—r—r— r—— Yt — .
o o3=0.01MPa ]
A o3=0.1MPa N i
500 11 03=0.2MPa 1
o l] 2 o]l s :
400 A =0.8MPa
o ok, o X
@ ]
2300 ¢ = 0e-e_—- A .
3 A oo o o3
£ [ A 8 3
= 200 oA .
D 1 o .
5 0 Bg o o) 1
100 . On & ]
o of ]
O [ ] i 1 ' I 1 3 [ 1 L 1 [} [ L L ]
0 0.2 0.4 0.6 0.8 1
Degree of saturation {-)
B 3-107 HAMTRMERE SAMEDRR
300 ——— ftm— — — r
: e
250 [ . - .
s Al L LA )
200 | B ]
3 I _.'—' P '/ e

Shear modulus G (MPa)
2 o
(=} [=]

[4)]
o

[ / ----- Dry density=1.6
--------- Dry density=1.7
O  Dry density (1.5-1.6)

Dry density=1.5

A Dry density (1.6-1.7)
Dry density (1.7-1.8)

0.4 0.6 0.8 1
Degree of saturation ()

B 3-108 HABREEHEEICET 25 & il &S DB
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(2) BEP R OB - ERRRT
1) fRSRE

FEHRETIIVER 3-109 ITRT. BEEEFEZELAL Y — L ZNE2ADBREHMOALNY 7EH
DT, BEEEHEESRL TEER2UASMEN S +REL ETETIMEL 2., BHREBUL 5760, Hi
AT 26401 TH DA, FHEEAISAVWTWRY QEBERSHiA)  BAZYGESRD. BE (X
SRFAR) ETHY—RTSTOBEEREL. BEFHEEMAE x BEORZICEYD. HE
EREEBEET S, yBIREFERTELEME LTS, FREEHEEFNE LD, YiESR
FLNMCEANRERRZL, y IEQOFROAEFNALL ..

FHOMIRHERATNY 7RES L OVEEORUEBEEEL TOB, EEICHES B8
HOKEZLEERET, BEFBIVEEH DA OEDRLUERT 100m O2KEEEZLS,
FEEIIIE K 14%ICHYU T AESKE9194.7m 2525, iz, 2EHTEE:E 20CTET
5,

BEOEM T, ABBIUEGFHUAOEDRE LM OKBEEBXBELRLIIZEET.
—FEREL. EEEMOBAERBSICTEILTRAT S, b—F—iC X 3 RABMH R
t=0 &L, =20 HET 1 XAV O —F —DERZE 1200W. =53 H E T 2000W &F 5, =53 H
PRIt — —24% 100CICEZE L. =1000 B £ THEFET I,

global mesh

1501

50m

"“‘55—1']—1-* engineered barrier system
heater

A\

Zz

x It

\

concrete plug bentonite

3-109 FEBEX @R EFN

2) EBARR
(a) BHICDINVT

B 3-110 [ BfEOBHSERLESOTH S, Wil EL. H B2 IKBWTy MBIz Bich
> R REREFFEOEMEOSM. EFEHFRIC 2 AOHERICH - ETMEOHMZ =90 H. 180 B.
300 HB LT =1000 HiIZBWTEHEL ., £k BEMAO 6 JicBi) 20nECRRELEER
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gLk

3111 IBEH RO AICBY 2RAMEORRELTH 5, BRIE EIG, HG Tk
BB BENEATVNEN, Bbbe—F—IZiEW E1H. HH TlaEicficBnwTERick 58
MEOBINETFRO5NS,. EIH BT 283 150 BB D L THEREIN. TORIEFLTORT
BHEOAETT S, B3-112 05K 3115 BEERE TORMESHTTH S,

\E1

H

E2,

Distribution of saturation
radial direction

. El 1 x=5.325m; y=0m
‘ : x=5325m; z=0m
H : x=9.375m; y=0m
1 %=0.375m: z=0m

E2 : x=13.425m; y=0m

: x=13.425m; z=0m

longitudinal direction

1l

heater bentonite

Evolution of saturation

EIH : Xx=5.325m; y=0.55m; z=0m
EI1C : X=5.325m; y=0.85m; z=0m
EI1G 1 Xx=5.325m; y=1.04m; z=0m
HH : x=9.375m; y=0.55m; z=0m
HC : x=9375m; y=0.85m; z=0m
HG : x=9.375m; y=1.04m; z=0m

LGl D z=0m; y=1.04m
RC1 v z=0m: y=0.85m

B 3-110 BNEOSURS LUVHESOEE
1.0

0.9

o
=
= T 220 A N
g %8 > a ]
7] i
qal _
© 0.7 g g A FIT e N
M) _
i
OD ' P
w L : 3 -
a 06 - ST -5 6 e A e A N
- g —8—HG |1
05 i 1 1 1 | | 1 | I 1 1 | 1 | E
0 200 400 600 800 1000
Time (days)
3-111 EFEPAOBEIS C BT 3 EMEDORIEE(L
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Degree of saturation Degree of saturation

Degree of saturation

11

1.0

0.9

TSNS L L AL N I Sy I L L L B B L L B B B

.....................................................................

0.8 =
07 |eremeerrrdrre et : . -
| —O— t=90days ]
—t— t=180days ]
0.6 oD srmli g —O— t=300days [
r : : : i | =% t=1000days |
0-5 L Lo 1. i i 1 I Lt 1 I kI T | I | I T T TN N S TR T Wy oy sy o ]
0.5 0.6 0.7 0.8 0.9 10 11 1.2
z(m)
(a) #RAR RDI
1_1 [T ! | ! T™TT"T ! T T ! L B R ! T T T % T T ]
1‘0 SN v SO S S SO S SO SO —:
1 LN, N e B CLELT L TIRT TIPS _:

0.8

0.7

............................................

—O0— t=90days

LALLM L A N L L

—— t=180days
0.6 [ —O—t=300days |- T T

—v—- t=1000days 3
05 T v vy b ey oy T

-12 -1.1 -1.0 -0.9 -0.8 -0.7 -0.6 -0.5
z(m)
(b) ERiMER RD2

1.1 L B L L B L SO L S B R ML
10 L ]

0.9

0.8

0.7

0.6

0.5

......................................................................

—O— t=00days ]

—— 1=180days | ]

O~ 1=300days [

C ; : ; : —— 1=1000days |

o e by ey ey sy 0y ———— ]

0.5 0.6 0.7 0.8 0.9 1.0 11 1.2
y()

(c) #R:R§R RD3

3-112 BREE EORERBERICHIFS 90 H, 180 A, 300 . 1000 B TOEMEDIT
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1,1 Illi!lli|!|lll|lll|!lrll!lllr!iTiﬂ
1.0

Y J ORI S I o -

TRt SR s A S SR —

0.7 feeeereeeees .. ......... Lt . -
: i ; ; —O— t=90days
: ; ; ; —&— t=180days
0.6 : TR P —— t=300days
—%— =1000days
0.5 | IR I} I | I T | ' I S T T | I [ TR [ o | I 0 W NP S VSN I S T R U S R S 1

05 06 07 08 09 10 11 12
z(m)

(a) #RiRI#R RD1

1] e e T

Degree of saturation

10 0L S S S — SNSRI S
0.9

......................................................................

0.8

0.7 : -

—C— t=90days
wepe— t=180days ; : :
—+—1=300days | : -
—v— 1=1000dzays :
0_5'""""""l'lIﬁnlv-.-l....i..,,'

-1.2 -1.1 -1.0 -0.9 -0.8 -0.7 -0.6 0.5
z(m)
{(b) #R:RI%R RD2

Degree of saturation

0.6

1.1_u.1-!...>!....!.z.-!..;;!....!...._
10 | ]
0.9:_ ....................................................................

0.8

0.7
—O— t=90days

: : : —&4— t=180days
._..E ......... :,........-..'.: ..... I t=300days
: : : —%— t=1000days

0.5|-||i||||i|!||i||||i||||I;|||Irwl
0.5 0.6 0.7 0.8 0.9 1.0 11

y(m)
 (c) #RiBlG RD3
B 3-113 HFEH EOSERERICHTS 90 H, 180 H, 300 H, 1000 H TORMEDSH

Degree of saturation

0.6

rererers ararerer (PP INATIATE BT

=
[N
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11
1.0
0.9
0.8

0.7

Degree of saturation

0.6

0.5

0.5 0.6 0.7 0.8 0.9 1.0 11

1.1
'll.D
0%
0.8

0.7

Degree of saturation

0.6

0.5

-12 -1.1 -1.0  -09 -0.8 -0.7 0.6 -0.5

ENLI L LB N L B L N Mt Ml AN i A I L B Y Nt M B
' ' v ' ' '

..............

TT T T v T v ¥ [ T T 7T

..............................................

-—0—- t=90days

: : ; : —&— {=180days
P gl i peerreree i) —O— 12300days
: : : i ~—5p— t=1000days

4|||il|1|i||l!i||||‘||||l|:||l|||

T PR AT ST N

- Zm)
(a) ERilER RDI

e
b

—F T T [ Fr ]I Irrrfyrr [+ Ty T T
! o ! ! ! !

.........................

TE T T [ v T

..............................................

—O0— t=90days
—— t=180days ; : : !
—O— t=300days [ e
—V— t=1000days ' : : :

i ‘ ' '
e b L e b e s b

TT T T[T T T T [ FTTT

z(m)

(b) #RiA%R RD2

1.1 |,‘,,,

Degree of saturation

0.5||||i~||ni¢:‘n|.ilt||i|!|:|:-:<1||-

3-114 BFEE2 FOSEREICHTS 9% 3, 180 H, 300 H, 1000 A COBMEORT
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2) RESHICONT

—4. BESHIZOWTHREKICE 3-116 O L3 IKEHBSE# T . BESMIIEE D1 X
DG IBWT y BhFMIC R =90 HB LT 1=1000 B THHA L 7z. EREEHMAD 4 DOBAIR
BWTREORRE(LEERAL /=,

B 3-117 I3BE R BT 2 EE DR, B - 118 ZEERIC B 2 BELHTH D, iz,
-119 Bb—F—50RABDORBELERL TS, E—F—P50RICKIVEBER
60~70 RN ETERICLETS. 53 HEMSL—F—OBREZBEETH&ICLD, E—F—
NS DERABRVERITHAL, TR, BELEONCERLET 3. 60~70 HEZONS
BENR—ETHVBEDZBEHUSNALSNEN, ChEIBHEICESHGERDO LANRREELD

N3,
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3 B :

SEOBTTIR,. BROBEZEEL. b5 —DREE—EICT HDITE R D HMR
BOREIRFED o BER LT o k. TRICEN, BEHADRESRENEBRLVBDREL >
meBEZONS, —F. = F—TETOREBIETRSNZb00OHE L -EIE SHEICH
Nizpolze THIE BEGEICKZKMEEL D BRENBRETLAEZEILDEDOTH Y,
BROKEE 100m KEELEZ EHDPENETEEL TWB EEZ 5N, EBICIE. FhER
HIZHED BRRNOKMETHEC B D, TNEERTDIZENFARTH A,

%
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4. BEREOETFIVEEEZDRRS
4.1 HE

Ry NP4 S EEET BBEMIE. BV EREENOAS ERICBN T, BES—ME
LS BERRHEHEINTOS, ZORANS OBEHORFCHIEENFRIND EE
B RROHENREEERAT 5 £ T, WEEHICET 35ERT—5 2EMT 5 Z &4
WL EANTND, HAHREACRENSNEERE L IEER 2 RER I & D ERINICTHET
BT ENTENE, BB —IERMA RO A FOREEORAN 5. BH ORISR AT
B &R END., TOEENRTMFEOMIHEIROENTNS., I TR, BEFORK
JEAERT— R BWTIHEEBRED L S LEFIUEENTN S OMEET B EHIT, MES
MO OHL AL TREL TOBH L LIEFRER *° OBEERL. BFEERT—FA0
BAKICOVWTRNT 5,

4.2 B-Ik-IENERETNVICBITZHAZICHAT HREAEXOHNE
4.2.1 —iRHIERECHEN

gormytt X BR EHE. TXVE-BES) OERNEHDANFERE—K
HICFORBY &725 *2,

M +V a5 - 05 =0 - @

MRS 5 DIIEAARBI D OTRNF—2EL, « RERBRRS (BR. KBBNR
EH) 550IMRAEERT, i3 (G, W55 VIER 25X, ﬁ%qyiyﬁvaz

OEE (N7 M) BRL. Q REMERSHED DL «DEMEEERT.
HEEFHICBT AV AV FERTIEHEFFNTH D, ﬁﬁ@ﬁ%ﬁﬁ'ﬁ"% L EFRTRG 3
BLOLTOXDITR3 *2,

Vo+p,g=0 (4-2)

IIT. dZEEN. gBEAMEETHS. p, JBEFOEEEETHY, UTOXDITRS.

Om =(1"‘¢)Ps +¢5,p; +¢Sgpg (4'3)
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ZIT S, (=g, D BEHEOENE, o, (=g ls) FEHOBETHS.

AV AVFRAGOREEOFRAFEFTA TN S, SHEERHEEO RIS THM REOER
EEERDBOITL. RABOEEETHEHICIE. —BAZEBRERCHNOBARKE LIRS,
BANOTHDOREITE D & 2OTHT LV N e EBOTHILEEUTOLD ICEEIND,

g =%(Vu + (Vu)") N &, =V-u ' (4-4)

T s EMARY FIVT, a ZF 2 VILOERBEZERT,
EEFGHATR OF LG OFRBBERMIUTOL SIS, (BHAMICEREAZIE)

o=0-1P {4-3)

RGFEAF BN T, BWRAOENIFHMBAEP KEEHR X SN, Zhid, HRE.

WEZIKET . FLT. 2O0HENOEHOEBESERND &, THREKEP ZLT
DEDIis I,

P=5p+{-5,)P, (4-6)

Z Z°C. Bishop D/NF A—% P 2AVBEEFEHEHORIIUTOLIICEEETNS,

o= -1x(s)F + - x(s))P, ] | @7

BEEOHEICBWTIE. B, RECHIEE (BE) RREEOERLICHED BIERER (Biot
DR LVREN, Lo T, —RNEFHLHORNCH ICREZER T 5HEMATE
REENS T EMEN, 5T, BESEFHEMAS I LICLD. FHHAOREIUTOLIITE
3,

ds'=D:{de - de; ~de, - de_,) 4-8)

ZZT. DIRESRMET Y v 2 A, BEBROLUTH, i BEOLRIZXBEABEDT
F eplEADKEIC LB FOEMICERT 208 5. &, ZEEICX20THTH S,
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KREITH. THAMES. ROCMAS (7 AV LBNL IZ & BBA%). FRACON (1% CNSC Tk
0 BEFE) . ABAQUS-CLAY (A1 x—F > CLAY Technology IZd: D %), COMPASS (-1 FU X
Prof. Thomas 52k D BEFE) &, BEEICH W THARINERBRI— BT 2H2ICBET5X
BoFRRROBMEERT. IS OBERMENTI— Fid THAMES R, &V -VESEREEDOHE
WA BWT BT 74—V ROB-K-BHERBRSZEITFTET 5 C L2 BMICEFE I N RE
B 1—-RTH5,

4.2,2 ERFO—-RICBITS3H2ICEATIERAEIOHE
(1) THAMES

THAMES ORE, BHESHBEEED DVREFEZ D DB REEEE L TEFIMEENT
Wh, BESNERHBLEAOREBLUTOLSIZ/E- TS,

s =5'-Lxp 8o (4-9)

T Y BRI TAENT A—F T, FEMESRTy=0. BEH Ty=1 £ TW3,
L7=hio T, ABICETA2BERELTOL SIS,

ds =D:(de - dey) +Idw = D:(de ~187,dT) - 18,,dh (4-10)

T A3 THOFES P ItkD 7kﬁﬂ£i:ﬁwv)b®ﬁ§é&&ﬁﬁéhrmao

(2) ROCKMAS

ROCMAS IZBW T, Zienkiewicz et al.*® 35 X TF Selvadurai and Nguyen *” 28#%1Z. Biot ®
— BB EDENOREEZEELEZBOPRBRLNTNS, —REBMERE-)ERIEIOR
@-SITRAL, REPRBERASEAROL I KRS,

s=D:(e—e; —€p —€,,)—IP (4-11)

—ERBKEAMERT 3 Z LIk BERBOTHIT Zienkiewicz et al*® 12 L > T T D & D IR
ENTKhB,

ep=-T-—1— (4-12)
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T K SEERFORBEEERTS S,
R(-12)ZRE-IDITRAL . BEHEEMETH B LEET B ER@GIDIRUTOX DI 2,

s=D:(e-eT-e,w_)-(1- II?=D:(e~e1-—em)—(1— Kp ]ﬁo‘ (4-13)

ZIT Kplddpk e N B OBRERTH S, TOHE. Biot DFFRAIDNT A =TI
ToOLSITEREEIND,

a=1-%0 (4-14)

DEEY, BEINEBHBHORRBUTOL ST/,

s =s'-al§; P ' : (4-15)

ZIT PHOENEZ. TAERERTAZENWSEEDS &, RE-SITHNEEZENS.
BRIEICEA-0T AT 2BERRIIRARO L D10k 3,

ds'=D:(de—de, —de_,}=D:(de~I8,,dT —18,,dS,) (4-16)

ZZT B, REHOTAICEIT SR THD. £, ﬁ?@f‘ﬁﬁkd:%ﬁ\‘é”%wimot O alT
g_@%%ﬁ\%ﬁ%éh’(‘b:f;bht&bﬁih’@:ﬁm

(3) FRACON
FRACON IZBWTIRAYBAICETA2REUTOL IR TS,

s =s'-Ix(S,)P - (4-17)

T TT. x3 Bishop DERNGH/8F A—F Y T, BRROCHENECHKEL TWS, £k, 1%
BT B ERBIFIIBUTOL IR T3,
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ds'=D:(de -de, ) = D: (de - 18, dT) (4-18)

Z TS A IR U TR BIEIRIE N L Ty, BT (4-17)IB1 S Bishop O
—FTHIE LT3,

(4) ABAQUS-CLAY
ABAQUS-CLAY TRAMB AU FOLS iIEEL TV S,

s =s'-IS,P ‘ : (4-19)

Z T BT ABAQUS J— RiZBWTIE Bishop DREIIMMEICEL WEL TN, B
KECEARTFOEHOREBRERINTEY., DFHOEMREIRE12)NSHUTDLIITRS.,

! s, Py (4-20)

de=-
e, BRCXZ30TABAIUTOLIILTNS,

de,, =18_,4dS, _ (4-21)

L72ifo T BB A-OFHEBRIEUTOL SR> T3,

S, B 45
3K, 3K, dF,

]Ida 18,, %dﬂ] @-22)

ds'=D:(de—IﬁrdT+(

i

ZT de 20 TH EHERLIVEBEERIZ2ED) THS.
ifm N b1 MO MEEEDOET AL E LT CLAY Technology (A7 x—5 ) “Cbiﬁ‘%ﬁ&
H7 IR T TN B X Drucker-Prager IZKAHHEFINER N TS, JEEEHRETTI)
Tid, Bk e OB EFHHOEFEUTOL S REHEEL TN S,

de = nd(i{c), ) - (4-23)
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ZZC 3B G A= T, oy REMEDEATH . MTIEFERETH S LEET D L.
HREOEIFFHRED T 2OMRKETH I ENTE S,

de (4-24)

1+¢,

de, =

R(4-23)IT BT B IR HBERE L UF Drucker-Prager D¥IEEFINZHNS Z &ITX D . HER A
v MUy A D REEESB X CEEESOETRBNTENEKET S &1Tka 0, .

(5) COMPASS
COMPASS IZ B3R AERIIRZ PIIETERD LD IS TS,

ds =D:(de-de;’ -de,” -de”) (4-25)

TIT dOREAHANY Db D WEERET MU v IR, dROTENY M. def HRE
VFBRT Ml def BISH OB L TETZEHO TSR ML, de? RFZ 23>0

BRE> TETLERVDTHREDINRT PV TH S,
BEDTHEMNT, WHACKOBTOLSITES.

Py 9 30 (4-26)

de;
gy T o

ZZT xp 1 BANS—BRORERKTHS. B 1ASARFOELICE o TET 2EHRD
THE, BRI a  OBLICLZBROTAOERERL TS, RERBITERLE

BN 0THDEBNTRET 3. ,
R@E26)0% LI KRS de? LRERS degf WHBETE, TNENROKIITRT L

WTESD.

4 80, 2 ’
deg” =x ? =xM“(2p+p,-p,) (4-27)
de P =x %Q;- =x,2ag (4-28)

—H Yr g BRIk BB O T AOEMIRR TEENS,
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s

de

s

BIZKBVOTHOHEFE, BIZRKADKL SIS,

dep’ =ap ATm _ (4-30)

22T opld E OBBRGE. AT IZREZ M TH S, ZNEEU-2)RICRATE I LITED,
BETEREERITDIENWTES,

4.2.3 EBRHOETMLE

HEOFTESFBERICB I 3EHZHOTTIMEIRIRE <415 & — R XEAER4-8)IT
BIABECE 20T HEEMEEOERELTRETIEFINE, 2 ar (BdWIAAS
RFVIv))) OFECEFEERENECHEL TERRCBATIETNENS S, EE6HE
FIAGICRER/NS A—F EBRND 2 WIEER, S EERDIERE TRV TH 5T, £
HREZANWEEERICEDVRAEIN TS, JITR, TOMAERT.

() EREHICHETSFREB0RE (THAMES Of)

Z T T SERANEIC B W TERESFE A Uk & S ICHHERE ISR T 251 2BEH
EEHET D, WHEEOBIEAS T FOBENBEC L AEEBSICIVBEELIZLTLD
HL AL Y, Lido T, BREBRHCHST2HHEENL. BEEMHLHEE2RL
KRTELENDEELTND,

7=Fr (4-31)

BB F2HEGZNICKRD 2 Z LIRS TH 2D ERORR 17— F OBEIFICK D FEKD
T3+,
E 41~ 43 KB R ETRT. MRS LEMEHIAY R REE (J2HAVL) T
HB, T RN A FOBEERBREIIEKIEOBEHEELTWS., B 4-1 KREAKOEES
BT BAGRT v VOBRBERLERT. ARERATE, $abbBEEME OEET
H5, AL YEEBREL VN 150 RETHEF2EOKSRT > 2w VOER 0 IT/2>THS
ZERSNSE. B 4-2 TRERAOSB I TR BRI OERELERT. REAAHROKE IR
MEEREICERTARBELAIIELVWEER, CZORAENBEHELIOEII—HTD LI F
DEZERDIZ. B 42X FR0.160 DEEOERTH D, B4-1 LE 4-2 2IRD EFEIRHIORE
HRRIEKGRT > v VOBLRRE—BR L TWB I EMbh . IR K2FF vl
OEBPBEEIEICED ENDIEFINERW-ZDTHS. B 4-3 17, BEEIOEIMEEFE
RECOHBEETRT. ERTRBEEHIHBABERINORELTWAA, FIERTIRC
NICHEAREEE D ORERBN-HR LR/, FREENE F O 0160 TH 5. F DER.
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BRALEEENOENEREEFNTET-RTB LI CAEEINTNS, TITHOWLGNTY
BEFETIWVRASRT >y VOBEREEEOREIFEL THEEEZTNEETNT
B0, BREORERIIERFNOBRBRIICKREEEL TWS, Thabs, BRENER
WiEE, HREORERES EBICET S ETORHIZENEWIBRITES.

0 T E| T i T ?j
., -50000 -]
g i
.E -100000 § 4 .............. , .......... . .............. ............ _:
= . : ' :
B ‘ | | | ‘ -
v —150000 EBMJA - il b —a— 0. 1em |-
= ' i : Pl —A—0.5em | ]
(]
= : : P —a—1.0cm | -
b : : D[ —o—1.5cm )
R e -l e 1ooen |
~250000 M L ‘I PRI B i T R ]
400 600 800 1000
Time[hour]
B 4-1 KSR TF v IILOBRBELR (R M1 b EE)
4.0 L N B S R e S jg
308 Do B 3 ..... ............ _
3.0 BB, SR S e 3
TN S SO s UUUONE SOOI SRS SONSUOUO SO SUS U =
=] E
g 2.0 Egfeeen i b =
; 1E Bt P 0.05¢chm —:
: ; P ~k—0.55cm §
LR A groeereeeectd g1 05em |
: : P —o—1.55¢em | 3
0.5 R MR Poeeeeeeecie] —a— 1. 85em |-
0.9 . P S SN R
200 400 600 800 1000
Time[hour]
B 42 BEHAOEAOERREL (X M4 MEE)
4.0 — A A L A L A
SR e 3
R ?"'"'"'"‘ﬁ """""" —o&— Measured |-
GRR o RN SOOI —Estimated |.]
E H N ' . - 3
w 2B [l ]
s
bR T S SRR SOUR SR SRS AU =
e
et T %) T A JOU RN UUUUUt FOUTORTUURSRY PR =
0.5 . R ST Ep— =
1 S R S B P
0 200 400 600 800 1000

Time [hour]
4-3 Bﬁﬁﬁfﬁﬁ@%ﬁﬁ%c‘:ﬁ?*ﬁﬁ%@ﬁﬁ (R bFAa FEE)

- 118 -



JNC TJ8400 2002-021

(2) BEEHICETANRS A—FDRAE (ABAQUS-CALY DIFE)

ABAQUS-CLAY 2B 3BEEIZET 5/8 5 A—F I3ERE RO WA & 0 fafiE L FHD
TROEBROBFEE L TREENTWS, ZOBRIEEATHE D, & 4-1 TIZZF0HRE
}T-{Tn

& 4-1 PR S, SHBO T HOELEL, DBRFR (H)

S, 4g,
0 -0.2
0.1 -0.01
0.2 0.02
0.3 0.03
0.4 0.02
0.5 0.01
0.6 0
0.7 -0.02
0.8 -0.03
0.88 -0.04
094 -0.06
0.97 -0.11
0.99 -0.24
1.0 -0.81

4.3 NESOERTHERFMAOER

4.3.1 FEEFHOEHFEIOHRE

INESE, EERNAREFGICAEZEZZTIEHFHEOTMETRELTI2D,
Gouy-Chapman theory &FFIIN 25 LEMER L )V OWERREFHM TE LB —EEEw 10
EFELT, HEDERY FFA PORITHEETE 2 BNFMREZREL TV Y09, 70
MR, RN b1 FORBERA A R E-ERELERIELEEDOTHD, B - X2
1 MEAMEIOBEBEEOFMPNR Y M1 MIEE INAKHER 1T F > OFEPHKRICK S
BHEBOENMIDOWTHETS Z EREHETH o k. ZEROBREMSERLM TR, BHEO
BaMnD, HENEZHEADCHBFEELEANS M1 MBESLTRRAT S I &0, BAEDON
hFA RERETSZEDEILSNTWS B, 2T, B X2 M1 MNESHESE
FEERL NP1 PANERATREET 22D, BERY M1 FOBEEERIUVERINSTTHE
B A OBECHREE R TE 5 L WISHFHER #1857 20 ENS 5.,

INESHHRR U7 [FEED =R M F ORGSR+ 2 Tk U031 b O
OB KEZRATEZEICIDECZEENR Y M NOREESEFRETSEEFA,. T
CEYOFA DORBEBEIAOKOBAZLDKFEN2LH_ERERICEDEERELLTNS
(B OR@-32)~(4-32d)) . —h. BREIEBIATHE T 7 TNI—IVANBERATEEHE
A58, TNRDOVNTHEERLTVD (FEROH(4-32¢)).

F/, EROEEM - MEUMPIZIIMESE 2 01 MNAOEEEEZSE ORI AN
SR THEENTNREOT, ZN5OFEEERTELLDITTHD0H L WEHMABE
s, MESIE B 44 IZRTEDIC. N2 M MR UEEYPOBRAFTEINS Z
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LEMELE. £, EAORMEROBROBEEA, BEY - MR LUHOREED X UCIZEE
WORETOEAEERL, B4 ICRTEFNERELEYY, ZOEFNIREDE, BEM -
HEULMFOEEY OF OREEEHEFMTEDZNTA—F E2F ;1 MOlFHEE
EOTHs, (%)) ZEEL. TOEHRZHEL = (BROR@E-320)~(4-320)) . ZORITINIE
S - BRUMOER (=BEEVE /&6 - HELHOWHER X 1000 OBXE. 37k
bERAEEEEETY O3 FOBEEROT 3, WHEEDT NS, T, BERT M
A MOBEILBITETANGA—FTH BN M MNEGEA(B)EHEALTED, BERTE
F1rOEEHEEERTESIIRLTNS,

—H., MESIEE 4-6 ITRT IS E T ONT FOBEL AN OREEEREEZ, TE
) O FOBEBGREOT B, (%)E TR TRIERED 12 ITH% T35/ A—% 4 OBEff%E
EERLE (BRoR@-321) “7.

iz, BEOMENS. N2 b FOBRZEIALOKOEER EFIRESAICKEL
EEEZIBZERHMONTNG V19 4D A0 L iiia T, 28U O MOBEERICH#
SBEFHOEL O ERTIMNEND S, BBRORE-2NEE T OF1 MERBOREER
IS BB DA A OB R T T BRTH D, BRORUIZEAY M1 N OLEE
MEEHTBEDORTH Y. XYM FOELEY DT A M EEROBEBEERTESL L
SiELTW3, '

LEEOBEREERIC. ISIIAY MM NOZEARBER A A TH B Na*\ Ca*s K Mg™
D 4 BEHLU T, 2NTNOBERA F U ICERT 2T EEEREICER T RFENEEA
ZEHBL. 81T ORBREBZAVWTNEESLRMET 2 HREHLITEELE BROR
(4-32)).

EBREINENRC A F2SET 885 - ERLUM OREFEERIZKDED TH D,

(R b N EEET HEEH - BREL M OBEIER]

= Slexc{s) -\ lews  sn puEREESTS. ) @32
CEC ,_y#ca
K+Mgl+
(£, ), = 2nkT(coshu; ~1)x10™ (kPa) (4-322)
U, = Stmh‘l,[exp(— Kid,.)tanh(%)] (4-32b)
2nv’e’?
X, = @-320)
- &T
z, =Zsinh'1(96.5xEXC" J ! J
S 8enkT
(4-32d)
4, |1 1 |
R I 10 432
(fa); 24 df3 + d +t (d +/)3:|x (kPa) ( e)
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= {ea +f1’—6'”‘0~’5~(eo +1)}x{1+(lcﬂ—1)£’-"-+(@-1)@—‘9’"—}x100 (%)  (4-320)

m pnm a m psand
ey = Lol (#329)
Pag
100100
C. a P ‘
e 100 .\100 (+-320)
14| == 1| L o (= 1|2 L
Cm pnm a Cm psand
d, =f-’;t+(R. )+ R,,), (4-32)
] 100 wn Ji on /i
, Ym*)x N -
n o P EOVI N - ey (4-32j)
£
1+._-""."'_
100
C C '
=28 +{l-—2I§ ¥/ 4-32K
100°™ ( 100)"’”(m g) (4-32k)
ZIT

p: N bFA MEEETHEEN - MRELMORETBIENEP) (2B, p IRFEEZEL
5) , .

() : RHAERR-T A 2 i WERT2KFE/(kPa) G iE Nt Ca®*\ K. MZDWThhoOR
BB ERT. UTFTRERENS i B INERABEORKTH S)

(o2 THREBA 2 i TRET 251 (kPa)

EXC;: BT 7 2 i OZHA B (mequiv./g)

CEC : BB 7 238 #i 5 B(mequiv./g)

d;: ST A2 i OB ORBRIBERERD 12 @)

v REERA F 2 i O

e’ : BFEM(=1.602X107C)

k : Boltzmann E#(=1.38 X 10%J/K)

T: HERHREEK) -

n: BREN - BRI ORBKOFIEL 4 > BB RS /m®)

no : REMH - R LA ORIIRAK D o > I8 (mol/m’)

& FRAOSHERCY nY) ]

Ap : Hamaker B (E U OF1 bOFE, =22X10%7)

t: EEDOFA B OBREEE.60X10"m)

Eomar © WTEIHT + HER UM OB AR (%)

ep: MEEH - R L ORI

Cn: N MF1 MOEEY OFA1 MEFE%)

pap ¢ FBER « R LM OGRS EMyn’)
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o B - BRLMOXRY A MERR%) (21BMHOERERIINTER M
1 FOEBREROBHE)

on: EXEVOFT hOITRFHEMgm®)

O EXEDOFA NS OEY O LR T EEMg/m’)

Psand © TRI T B (Mg/m®)

(Rion)i : EED OF MERBEH OIZMIERB 1 7 > | DIEKFIFE(m)

Ng: PRA R o#=6.023X10%)

§: N2 hFA - OLREE(Yg)

S.: BEXEYOFA bOLKRERm /L)

Spm: BB OF SRS OHY O HREF(m/g)

(R hFA P ESETLEEH - BR L OREEMR] e, E/8F A—F d 2A LT, 4
FekfBlgetE (N2 A FOEE. EREEDAY MM FOBRARE) PRIESEMA (RESH
TAOKES HCT. BF - BRULMORET BEH p LEORAEHEE:,,, ODBERES
HIBLENTES,

4.3.2 BEAOEMISHEERTFERNICLSFUESR

AEH TR, BEY - BRUMOBEESECHEEICET 2ENERGER SET TR L 2 IRE
FERIC LD FPREBREHEL. TORYBEICOVWTERS,

HERALEREBNL. IWBEAREORY M1 b (FoIRTEH. 7250V =MD 6
BETH5, cho0RBEHEED THEMLZEREAZAVL., BEERLENWIDHMRLEZRET
NEAMOBEEEZAET 5BHEEERE, —EOREETICBI>—REWRLERELAET
BIGHEBERD 2 BEE T /. B4-T CERBRTHEALUAEBEOREEZRT. Hl#EotE
B 60mm. B Smm. MEEHABEIT 1.19~227 Mg/m® OFEIZ, X b OB S
5~100%DEHIZH - 7z,

H 4-8 i LR OEREOHETECHET A2REBER. B 49 KREEBICETSERERZFIR
T3, 22T BABEECREHEORBELLIBVWTEHIEN EERETH D, ERBEE
R (= —KICEEE R/ OMIE X X100) ORI U TR EmHEL 2
T, FOEEROME L TRDE D 10,

H 4-8, 4-9 OFBENSHHB XD, EEM - BR UM ORFESEEZREE. X b
4 MRAEBEUMEEICAE PEES BT ERIND, COERBRICNL, RiHAk
[ EERC LA EEREE 4-8. 4-0 ICHBRTHRE L. &K 4-2~4-4 CIREFER THEL
RBENGA—FOREEEFTT. ENFA—FL. FRELEX M1 S BRUORDOYHEICED
EREFEINTND MY,

CNEDOEMNSANELIIC, 4.3.1 KEREEHTIARICL S FAKREZEAERRTESN
FREREIERFI-BLTBEY, BRELAFORXATOZETHEEZA LGNS,
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4.3.3 BEHEHORMEOELICHE S RS MFE OIES

MEOLS I, MESORETHH L VIFEERE. SLCAMLERERZEELT. 20
B A TOMRGER. BEAE. MEEEERETS &L, MEECHEELEERNICE
HE5HTEMTES. LichioT, SEHPBRUMSESICHNLERBOEE Y — ) ke
ERWICIET 2 - EERETH . L L. FEEAROBEHCERE UM 0% %67 5 7=
BT, COWEEMRICHL. 35 CHaNEOEIRERTES LS KIET2RENS 5.
AEETE, BINEEEET 5D OBETEROBELFH OV TERE TEZ NS AET
¥. EBEOGEHCERLMIL. BEARICBNTEOSICREBIMEERE & b2 LU R
AR 5 RIRRIBABF LTV . COBKREOBILEETRIEE S U TRIESNS A —
& LT, E0OLSAOHETERICEAT MM, BELOF—FA> Ens, GMED
B EWEEERICEAT D HEE LT, BBRETAO 2B 553252505,

@

REFTRESN SBAREBIIBTT B8 T, H4-5 KERENS TEEHM - BRELMTO
RY NP4 FOEHSE T A—P) CETERSSNBEEY OF A FOBEERDT
B DEMMRA-320B LV 4-6 KEIREN TS MR-V SEEE T O
b OEEEEOT S| OFERIDICBWTHNIENS A—FZEBATIHENRDS.
Tiabb., FEMRE-320 & RE-320)IC Sr/100 (Sr: BEME®)) 2FERCEARZFZICHNDS
Z&icky. 100 L AREREFLEEZOEEY OF FOBEFROTHER
HEICHMEICKEL TNTA—Y 4 2RLERB LN FETH D,

TEFLREEN S HEAREBICBIT T 281 T, B 46 ICERENS LS REREERL 2T
TUOF MEROEZOLLERMEOBRLLTEASHEND S, Tbb., A4
OEVEY Ol MEROBEES OB 2T OR(4-32)I2 S/100 (Sr: BME%R) R
CrRERVNBZ LK, 100%8M LRREEZBELET T T OB ZEN
Bl BEIEBENSIH5ETHD,

S813, LRO2BVOBELZFTERLZE AN, o 0RAOFUHE - BRHEEHET
A DERT—FBBRERARERS, ZHICDNWTIE, BNEZ2ESLEEREEDREE
HEBETELERFEEEETHEEDBIC. HEOYBMTF— IR ESHAETIHNEND D,

4.4 &0
FELCBNWTESNEESERESIET D LUTOBI TS S.

1)

@

€)

EBEM - ERLHOBHEES L NEBEERO 7O ACET A AEET LB LU, L
SMERL AN OBERS&*SMTES B _ERBESR & LT FNVICED<ERTF
BEREEAEDEZIERIVFEINSG IRV M bEERETHEEN - BELY
OIZFEFMER] OBEICOW TR,
BEINTVIERTERC L TFHBREENER TR ONEER L EHRLU IR
B, RELEFMEAPTHRZLUTHDL T LEERL .

BE - EBE LM ORME ORI D RHEFEAOHREFEHI DWW TR, &
RIBREINTVWAEEMERO LORICEMEZEATIRENMIDONT. REEOE
A« HEHz DWW Tz,
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% 4-2 BHSMRICBIIHENRTA—SOBRTE (4 =5 V1Y) 4D

EEYOF] FOTRFEE o, 2.77 Mg/m’
28 A FUAOHMO TR TEE o 2.81 Mg/m’®
WOLTRFEE pu 2.66 Mg/m®
EEDOFA FORERHE S, 810 m*/g
EEY OF A M OHMDILRETE S, 0m’/g
RbF1 MQEVEYOFA MEEE C, 48 %
B R RE CEC 0.732 mequiv./g
Tk Na 14 B EXCyt 0.405 mequiv./g
THE Ca 1 F VB EXCe™ 0.287 mequiv./g
M K 1 A B EXCE 0.009 mequiv./g
. T Mg 1 A VB EXCy”t 0.030 mequiv./g
MM Na 1 > O IERFA F 8 (Rion)y, 0.098 nm
THME Ca 1 A 2 DIEKFNA A BT (Rion)c, 0.1115 nm
RHNE K 7 2 DIk F 88 (Rion)y 0.133 nm
M Mg 1 A DI A 2 HE (Rion)y, - 0.0835 nm
et Na 1 7 2 O uy, 1
R Ca 1 A O v, 2
A K AT F 2 OMmE v 1
T Mg 1 A > DM vy, 2
EEVOFA MERBEE ¢ 9.60X10™ m

#4-3 BHFEERICH ) SEER YD

BTEN 1.602X10 C
Boltzmann €3 & 1.38X10% JK
Hamaker £ 4, 2.2X10%]
Avogadro’s ¥ N, 6.023.>< 107

£ 44 BRFERCHITIBERMENS A= D

B K DFER ¢ 80X 8.8542X 10" C¥/(J-m)
RE T 295K
M2 R =BT LT 20 mol/m®
1 -HEREL DalliKD Vg
TREH - BR UM ORIBRAKO1 A > HBRE n R =SB 1 LT 4050 moon®
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5 BHYIC

EBZE TR, &LV VEEEEENORBASIZEBNT, AINY 7EBRICZF 74—V K
KENWTELBEEZAONBR KB NERESEEELTHETS Z L EBRNICRFAZTo 7.
FRFEINB-K-InAERET— FOREZE DD, ERIEFBZE (DECOVALEX) &L, [
MREICBOWTREINLZBE L TROAALY. ZEBRERFEIIATNY 7ELICBIT S -
KASHERAROBEB LICHEMET N OREDE L U THASEOEENZE L TNWEHD
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BERBROENFTMZ ERNE L TH 0, ZEEITEEM ORI /T B s B L THETTEZ £
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REMEHETNERAY, ABHEIBBCEL THEEREIER EORBERNZT > .
Task3BMT2 3ERBRDOA T —IFRICHTARHNTH V. FEEL Pixel BB LUT=KTY
ST I E DA —VHROEECEL RN EED k., AEBRFEVIZE 2003 £33
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. BEETOEEN 2 & LB K- B NERFHICB W T, Z0BEEEEFET 5
FEHEELTKRRF > ¥ VOB EBRWHIERET 2 EFNE2INETTRHL TE R,
ZOETFICE S INETOREEHOBITTF M T ERBRRERERLSERTTE WL ERE
WEEp oz, T2T FHETIE, BEEESICETIHFERTETNOBAZRAA. £7. £H
BT BEREN 1 - RICB W THBHEHR E 0L S KEFIMETh TWBOPRELE. ZL
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Analysis case

Intrinsic permeability TH T H

of rock mass (m?)
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1022 Case22TH Case23H
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Comparison of water content (1)

Effect of intrinsic permeability of rock mass

9) -8
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Comparison of water content (2)

Comparison between TH and H
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Comparison of total head in the
rock mass after the excavatmn

Effect of intrinsic permeablhty of rock mass
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Total head change after the
emplacement of EBS (1)
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Total head change after the
emplacement of EBS (2)
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~Comparison of temperature

Effect of intrinsic permeability of rock mass
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- Comparison of temperature

- Effect of intrinsic permeability of rock mass
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Summary from the preliminary
2D analysis (1)

e Re-saturation time was long with decreasing of
permeability of rock .

* Re-saturation times by TH analysis are almost the
“same with those by H analysis, when the
permeability of rock mass is relatively high.
However,when the permeability of rock mass is
low, re-saturation time by TH analysis is longer
than those by H analysis.
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Summary from the preliminary
2D analysis (2)

* When the permeability of rock mass was relatively
high, pore pressure in the rock mass much was
decreased after the excavation of drift, but it
recovered rapidly after the emplacement of EBS.
On the other hand, when permeability was low,
decreasing of pore pressure was small and
recovery speed of pore pressure was very low.
These phenomena affected the re-saturation time
strongly. |
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Summary from the preliminary
2D analysis (3)

* When the permeablllty of rock mass was higher
than 10-2m?, maximum temperature in the buffer
predicted by the coupled TH analysis was lower
than that by uncoupled T analysis.
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DECOVALEX III Task3 BMT2
Intermediate report
of Task 3 (Evalums

Akira Kobayashi (Kyo 0-
Hiroshi Kurikami (Kyoto Univ.)
Masakazu Chijimatsu (HAZAMA)

Univ.)
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Up-scaling for large-scale
performance assq

* Model considering all fract
e Crack tensor theory F

=> (Geometric properties (Fijk,, U, P;)
dependent on fracture length

* Barton and Bandis model

—> Mechanical sti
dependent on

L I o ¥al

ness of
racture length -

racture (K, K))
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Dependency of JRC and JCS on
fracture len

¢ JRC and JCS dependent on the

7, ~002JRCy

JRC, = JRC;yq —=
n 300 300

(€) -§

7 ~O03IRCy

JCS, =JCS;5 =
n 300 390
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K and K, dependency on the
fmcture lengg *

KL = -7.15+1.75JRCI +0.02( /&

; JRC! UCS

a; = 0.2 1—01
5 JCS,
-2
k! = kll1- o'n olisthe vertical
G "I V. K'i+o's stess at SOOm depth
g! =100 JRC! log,, Q +¢,

s 7 Yn
L (7 n
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Dependency of Elastic compliance of
fracture system on fract

EI 1 ﬂLSﬂI"In,fn{ | hI=KInL

'jkl
Y
1 11Y)..; 1 I
C..., = —- F--kl+——5 Fl+6k l+5lF +5'ZF'k
ijkl ; hI gI ) 4gl( J l J l)
LS E
TV 4 P
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Probability Function of

4x10°
L) = %
(L) 7653570
4%10° 1 .4,
P(L =f L)L = St
(L) 057 (L) 7653570 1.2

_ 4><106 __1_
7653570\ 1.2

12 -0512

L

0.5
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Model Considering

, =0.5m
L, . =250m
Number of fractures for di
(D) ~ D(Lgy)) X volume(mm?)
D(L) =2.4 L' (m)
Probability is 0 to 1; P(L ) P(L
Aperture 1S constant for all fractures

max mm)

‘erent volume;
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[ 1.2

Result of Model Considering

-~ All Fracture L
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Up -scaled Pr ope

* C, . 1S converged at 250m model scale.

* P, 1s converged at 150m

=> Elastic compliance and permeability
tensors by Crack tensor for the cube of
250m are used for the BMT2 analysis
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Finite Element Jgsk

f-2 A1)




(1) -8

o BO t tom hea ‘[ﬂux iS Set O.O

* Steady state
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(e1) 2-H

Case in which the bottom ﬂux and heat

o Thermal condltlon at reposil
1OOO(W)X6O(camsters)/(1OOX1OOX10)(m3)
- x (Length of element(m))

* Steady state
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Present and remained wor i

+ Transient analysis for 100,000 yH
=> Full or partially one-way coupling analysis

* Make the program to calculate the trajectory
=> 3-D program has to be changed to 2-D one

* Examination of treatment of particle tracking
=> Heterogeneity of properties for up-scaled field
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DECOVALEX III Task 1 Part B

Bentonite model for simulation

Masakazu CHIJIMATSU (Hazama Corp.)
Hiroshi KURIKAMI (Kyoto Univ.)
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Thermal property

Specific heat [J/kg'C] Thermal conductivity [W/m'C]
| 0.71
(pC)m = (1_ n)pscs +nS,0,C, A=128- 1+ ¢5+-069/010
C, ; Specific heat of solid : s
=1.387+732.5 g2 F i
C,, ; specific heat of water 51-1
n ;Porosity =10 F /
S, ; Degree of saturation 2 oo b ;/
P, ;Density of solid g }/
p,, ; Density of water 808 /
go7 f
é’os - Jf‘/
0_5|!...]....

0.6 0.8 1.0
Degree of saturation (-)

(=]
o
o
N
o
S
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Hydraulic property (1)

Hydraulic conductivity

> Intrinsic permeability

120-2002 00¥8L.L DNI

k [m/s] K K K [m?]
0.4 .
=— - | log(K) =-6.00p, -11.13
log(k) = ~6.00p, —4.09 1; Viscosity of water e
(p, =1.30-1.47g/cm*) #(25°C)=0.893 X 10%Pa's  (p, =1.30-1.47g/cm>)
a p; Density of water
log(k) = —2.96p, —8.57 p(25°C)=997.04 kg/m*  108(K)=-2.96p,-15.61

g ; Acceleration of gravity (p, =1.47-1.84g /cm®)
. d T o

10-1SEIIII TfTltvlrrrrrroerro ™ T T v i1 Ti1.7T LI

(p, =1.47-1.84g /cm®)

&
E1o™ A\
'S \
[1h]
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& ™~ E
o T~ :
210 : \m—
E ]

S
R

-
- ]

12 13 14 15 16 17 18 19
Dry density (g/cm")
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Hydraulic property (2)

Relative permeability

k,=S"

Test Value of n

Water infiltration in small teflon cells 4.64

Water infiltration in bentonite in contact with granite ~ 3.50

Heat and water flow experiment 1 3.06

Heat and water flow experiment 2 1.10
Heat and water flow experiment 3 1.68

Simulation for above experiments 3.0

1Z0-200% 0078LL DNIC



(S) e~}

Hydraulic property (3)

Water retention curve

5 = f = 1+(s/P)- ]
Path p, range P, A S, min S max
‘Wetting 1.70-1.75 900 045  0.00 1.00
1.60-1.65 30.0 032  0.10 1.00
1.58-1.59 45 017 0.0 1.00
Drying 1.70-1.75  180.0 0.62  0.00 1.00
158159 300 015  0.00 1.00
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S-S

Hydraulic property (4)

Water retention curve

1
1—

rmin |- 1 -I "

S, ma S |1+(a5)" |

a = 0.033 (1/MPa)
n=2125 ()
S, . =0.10

S =1.00

rmax

103; T .\ T T ¥ T T ?
103 . ]
F B E
--E-a 10! \
s " F w
B |
I
D -
100: ]
-[0'1 L 1 1 [ 1 1 . 1
0.0 0.2 0.4 0.6 0.8 1.0

Degree of saturation (-)

120-200% 00%8[.L ONP



(L) e-H

Hydraulic property (5)

- Thermal water diffusivity
Thermal water diffusivity will be determined
by back analysis of laboratory test.

- This work is not finished yet.

GEAR PUMP
’ ' VERTICAL LOAD PERSFEX ELECTRICAL HEATER
THERMAL JNSULATION
.. SpiL -
R e \Lﬂ | THERMOCOUPLE
MEMBRANE N 5 .
i —— 5 17
- WATER S [ e
== ) ) -CQEK !11111 M “(
_ - JLE
NG mecreca, - o2 XXX p
0-RING ;
% WATER_AT.
% 00M
b 7 | IEWPERATURE
P . =22C
I C————
(==>
§=
’ : je—
- ACQUISFTION, - ——
SYSTEM_AND —=
CORER. . ... I3 (,=
SUPPI, ;_‘__—-_—.._—_—,
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Preliminary analyses

TH cou'pling problem was focused on.

Only the bentonite and the heaters were modeled.
The Surroundmg rocks were not considered.

Two dimensional model was used because of its
31mp1101tles

The purposes were to check the analytical

possibility of THAMES and to get a rough estimate.
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- 2.27m

B Allalytical conditions

Each heater prowdes 1200W constantly Hydraulic potential is fixed 500m.

/ Temperature is fixed 40°C.

¥

b 097“1 S 1A 0m

Imtxal condmons s
— Suctlon is set 2500m(water content is about 13.5%).

_  - :-.— Temperature 1s set 40 C
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Result of sitmulation

1000~
500

~500]
~1000/
-1500]
-2000-
-2500] | -,
-30001

Potential head, (m)

o 5 10 15 20

time, (years)

1001

80+ R

60+

o A
+B
_._..._C

40

Temperature, (degree)

0.0 0.1 0.2 0.3
time, (years)

245 days after the heating . Time histories
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- Future_ studies '

° Decmlon of the boundary conditions

° Inclusmn of Mechamcal behavior in 2D
model -

* Three dlmensmnal analy31s

T1Z0-200¢ 00¥8LL DNTI
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* The surrounding rocks are modeled as
homogeneous media in Part B.

* The surrounding rocks are modeled as

heterogeneous media in Part C.

Boundary should be set
not to affect the temperature distributions.

i

Temperature and hydraulic potential hea are fixed on the
surrounding boundaries. However, it is difficult to set initial
hydraulic condition of surrounding rocks.
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Current status of Task3 BMT1

Scoping calculation for the near-field of a repository

Masakazu CHI1 IMATSU
HlI‘OShl KURIKAMI
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Presentation

* Results of preliminary analysis by 2D model

* Current status of scoping calculation by 3D
model

T20-2002 00%8L L ONF
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Preliminary analysis

Comparison between TH and T or H analysis

Numerical code ;
2D axisymmetric
~ Analysis case; FO

THAMES
analysis

Excavation of dri:

t-> Emplacement of EBS
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Model geometry

Temperature Is fixed
at45°C

-950m

-—A—

AT

-1050m—

50m

Adiabatic and Inpcrmcabg

50m

--Y.

Temperature is fixed
at 45°C

WY

Rock mass
T K Backfilljng

V\ 2 A

N Buffer q

h 4
. 15
Qverpack T

| vitrified waste

i?l—l_)l
111

250

400

[cm)]
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Analysis case

Intrinsic permeability TH T H

of rock mass (m?) |
1014 | Casel4TH Casel4H
1055 Casel5TH Casel15H
1016 Casel6TH Casel6H
1017 Case17TH Casel7H
1018 Casel18TH CaseT Casel18H
10-19 Case19TH Case19H
10-20 - Case20TH Case20H
1021 Case21TH Case21H
10-22 Case22TH Case22H
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Water content (%)

Time history of water content

Case 14TH

30 o 30
25 25
20 = 20
=
15 2
E 15
[ ]
10 | gl
S 9
- $10¢

0 [ Lol b LRily A0 L 1eksy Lt L 13}

5 |

Illlul 1] I [ 1301l 0_ B 1 lIIHm L 1111 4 4 [ARRTIT 3 [N o 5 [SEREILT: 3 'EET]
0.01 0.1 1 10 100 1000 0.001 0.01 0.1 1 10 100 1000
Time (year) Time (year)
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Comparison of water content (1)

Effect of intrinsic permeability of rock mass

) v-#

Water content (%)

1Z0-200% 00P8LL DNT

[| —©O— Casel4H [| —O— Casel14TH ]
[| —A— Case15H [} — A Casel5TH o]
[| —O— Case16H [| —t1— Case16TH ‘ns g VAR
[| —e— Casel7H | —@— Casel7TH ' / ]
| —&— Case18H 1) | —&— Casel18TH
[{ = - Casel9H < [| -5 Case19TH
[| —&— Case20H % [| ——d— Case20TH
| —&— Case21H . ‘g‘ - —&— Case21TH
| —if— Case22H o | —fF— Case22TH
s H % L

(% x7 o TR oy o SO ¢ . Fan) - & I11. oLLLET.

=) [AF Ry U E ) 1Al wl 3 I k3 5] _{g% Km

5 S
L L L hilLL 1 LILL Ll L Libil L L lilll L] lllm I EEEEL 0 1 I‘Illllﬂ Lt 1 LLlll I EETIT) Ll lLlLL Ll L1 L)
0.001 0.01 0.1 1 10 100 1000 0.001 0.01 0.1 100 1000
' Time ({year) Time (year)

H-analysis | | TH-analysis

Re-saturation time was long with decreasing of permeability of rock .
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Comparison of water content (2)

Comparison between TH and H

30 p—-rrmer——rrn
| —O— Casel4H |
o5 [ —@— Casel14TH
| —A—- Casel18H |
| —&— Casel18TH §
-| — O~ Case22H §
—&— Case22TH |

llllw T |||||||T 1 llllll"F

Water content (%)
o

10 |
& —3-[ 1~
5
0 __|_|_u_|_u_|j R RN BRI ptaanal ||||u:|

0.001  0.01 0.1 1 10 100 1000
: - Time (year)

Re-saturation times by TH analysis are almost the same with those by H
analysis, when the permeability of rock mass is relatively high. However,when
the permeability of rock mass is low, re-saturation time by TH-analysis is
longer than those by H analysis.
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Comparison of total head in the
rock mass after the excavation

Effect of intrinsic permeability of rock mass

¥ T 1 L) L} T LI T 13 L] L] L} L] L] L) ¥
e ! ; ’ i i [ e [ain(} £ k2] q'} r&'\ ; u|
EH A

o A
ﬁ o fEde

" )ﬂ’ﬁ

120000

—O— Case14TH

—~A— Case15TH
100000 | —— casetsTH
w—if—— Casei17TH
80000 | —#&— Case18TH
i (G 19TH

—»— Case20TH
. 60000 | —g— case21TH

wmmif— Case22TH

40000 [

Total head (cm)

20000 |

oF

_20000-|ill | 30 | 1 1 1 L4 1 1 L. | 1 3 3 0 [ I I |
0 50 100 150 200 250 300 350 400

Distance from the center (cm)

When the permeability of rock mass was relatively high, pore pressure in the rock
mass was more decreased after the excavation of drift
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Total head change after the
emplacement of EBS (1)
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When the permeability of rock mass was relatively high, pore pressure in the rock mass was more
decreased after the excavation of drift, but it recovered rapidly after the emplacement of EBS. On the
other hand, when permeability was low, decreasing of pore pressure was small and recovery speed
of pore pressure was very low. These phenomena affected the re-saturation time strongly.
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Comparison of temperature

Effect of intrinsic permeability K of rock mass
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Comparison of temperature

Effect of intrinsic permeability K of rock mass
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When the permeability of rock mass was higher than that of buffer, maximum temperature
in the buffer predicted by the coupied TH analysis was lower than that by uncoupled T
analysis.
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Summary from the preliminary
- 2D analysis (1)

* Re-saturation time was long with decreasing of

permeability of rock .

* Re-saturation times by TH analysis are almost the
same with those by H analysis, when the
permeability of rock mass is relatively high.
However,when the permeability of rock mass is
low, re-saturation time by TH analysis is longer
than those by H analysis.
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Summary from the preliminary
2D analysis (2)

* When the permeability of rock mass was relatively
high, pore pressure in the rock mass was more
decreased after the excavation of drift, but it
recovered rapidly after the emplacement of EBS.
On the other hand, when permeability was low,
decreasing of pore pressure was small and
recovery speed of pore pressure was very low.
These phenomena affected the re-saturation time
strongly.
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Summary from the preliminary
- 2D analysis (3)

 When the permeability of rock mass was higher
than that of buffer, maximum temperature in the
buffer predicted by the coupled TH analysis was
lower than that by uncoupled T analysis.
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Analysis case by 3D model

(1) Geometry (2 cases)
G1;F0 (No fracture)
G2;F1 (One fracture)

(2) Bentonite property (3 cases)
B1; Sand mixture bentonite (B/S=7/3, p,=1.60g/cm?)

B2; Granulated bentonite (OT-9607, p,=1.65g/cm’)

B3 ; Bentonite (Kunigel V1, p=1.80g/cm?)

(3)Permeability of rock (3 cases)
R1;K,=10""m? (n,=4.17 X 10-3)
‘R2;K,=1018m? (n,=3.15 X 10°%)
R3; K,=10"%m? (1,=3.00 X 10°%)

(4) Effect of coupling (6 cases)
T, H, M, TH, HM, TM, THM
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Analy31s step

Basu:case

Scopmg object

Analy31s case

* Effect of coupling

THTHHMTMTHM

Effect of coupling

T H TH HM TM, THM

Effect of bentomte property

Effect of permeablhty of
- rock mass |

G2-B1 R1

E_ffect- _of fracture

In thls bench mark test ‘we should focus the effect of
~ coupling analysis after the emplacement of the EBS.
Therefore, we will carry out the Step1 at first.
Furthermore, we think we do not need the M (only)

- analysis because T or H phenomenon is more important
just after the emplacement of EBS.
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1. INTRODUCTION
The parameters used in the performance assessment are obtained from the laboratory or in-situ
tests. Thus, the obtained value of the parameter is limited for the scale of the test. On the other
hand, the behavior of the rock mass is very dependent on the scale, which is caused from the
~ heterogeneity of the parameters. To examine of the behavior for the regional scale, the
parameters have to be up-scaled from the test scale. The variety of the parameters is mainly
given by the deference of the structure of the rock mass. In particular, the structure of the deep
ground is governed by the geological discontinuities such as fractures and cracks. Such
discontinuities become the groundwater conduits and extensively deformable parts. Thus, a
homogenization method considering such discontinuities has to be applied to obtain the
parameters for large scale.
In our examination, the crack tensor theory, which was originally proposed by Oda, 1986, is used
as a homogenization method. This method uses the fracture geometry data such as direction,
length and fracture density. The stiffness of the fracture is also used, which is very dependent on
the fracture length. In the examination, the dependency of the fracture stiffness on the length is
considered by incorporating the Barton and Bandis constitutive model of a single fracture( BB
model). By using the probability density function of the fracture length, the generated fracture
has the stiffness according to the length. The crack tensor theory makes the equivalent parameter
by averaging of the information on each fracture. The crack tensor is a function of the fracture
length, for example, cubic of length for the elastic compliance and square of length for
permeability. The effect of large fracture is so big for the stable crack tensor values in the case of
the small number of the fracture, even if the effect of dependency of the fracture stiffness on the
length is not considered. The number of fractures is obtained by multiplying the fracture density
by the volume. The fracture density is given as a function of the cut-off value of the fracture
length in the protocol. Thus, when the maximum and minimum lengths are defined, the density
is determined. Then, the number of fracture is calculated for a given volume. Thus, the volume
has to be enlarged to get the stable crack tensor values. Moreover, the effect of the stiffness for
the dependency on the length is considered in the present examination. The volume giving the
stable tensor values is the necessary volume for averaging. The up-scaling for prescribed fracture
geometry information should be done up to such a volume.
Since the crack tensor is giving the equivalent value by averaging, the position of each fracture is
not considered. Thus, the effect of the position of each fracture on the entire behavior is not
reflected for the tensor values. On the other hand, the discontinuous method like DEM is very
dependent on the position of discontinuity. However, the number of the discontinuity considered
by DEM is quite small because of the limitation of the computer capacity. Thus, the range of
fracture length is very small and it is very difficult to examine the scale effect for large volume,
in which many fractures from small to large exit. As another way to examine the effect of the
position of the fractures, the pixel method is applied for the examination in the present study.
The pixel means the small square of 2-D plane. In the present examination, the maximum region,
i.e., 250 x 250m, is divided by the 1250 x 1250 pixels. To examine the scale effect of the region,
small subregion is derived from the entire region randomly and the deformability of such a
subregion is examined with the numerical analysis. The pixel having a fracture is assumed to
. deform according to the only shear stiffness of the fracture without zero volumetric strain. For
simplicity, the isotropic elasticity is assumed as a constitutive law and thus the equivalent
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Young’s modulus is calculated for each pixel. Therefore, the subregion consists of the various
mechanical properties dependently on the fracture structure. The loading to the subregion is
carried out from the top surface and the compliance is examined from the mean deformation of
the vertical displacements. In the present study, the anisotropic deformation is not examined and
the only vertical deformation is investigated to understand the scale effect of deformability.

2. UP-SCALING EXAMINATION BY CRACK TENSOR THEORY

2.1 Theory
The JRC and JCS values for each formation are introduced in Table 2 of the protocol. The
averaged values for each set in each formation are calculated from the table. The scale
dependency of JRC and JCS is obtained from

JRC,, = JRC L, O
- 1
30300 , @
JCS, =JCS L, 2)
30300 : @

in which subscript 300 means the fracture length of 300 mm and L, is the natural fracture
Iength. In the examination, L, is generated from the probability information on fracture
length. By using the JRC, and JCS,, the initial normal stiffness K, is given by

KL =-715+1.75JRC} +0.02(JCS,{ /at ) (3)
where superscript I means the Jth set and 4/ is calculated from

: JRC} Ucs - ,
a; 0.2 -0.1 K 4

s Jcs! @
UCS is the unconfined strength. The normal stiffness under some normal stress o is given by

-2
I
T n
Kf-glile——2 — (5
" VK’,,,-WIJ )

where V,, is the maximum closure of fracture, which is assumed to be the same as a;.
o, is assumed to be constant for the examination and obtained from the vertical earth
pressure at 500 m depth.

The shear stiffness is also given as a function of fracture length by

I :
1010 T tan | JRC! Togq ICSn ). o'y (6)
L, o’y

Kq =

where ¢, is the residual friction angle, which is also derived for each formation from Table 2
of the protocol.
By using K,/ and K./, the elastic compliance is written by the crack tensor theory as

1
Iﬂd E(kf ;—-] ?Jkl+4g (5lkFl+6JkFl +5tle +0; Ei) (7)
in which #’ is K, 'L’ and g’ is K/L’. Fjy and Fjjare given as
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;i la y 1 .rmg 3
Fija =2 i mjmin S Ly ®
r m=1
Ff =Fjydy | | | ©)

At this time, the direction of fracture is assumed to be constant among the Ith set fractures,
but the length is generated from the probability information. This variety of the fracture
length gives the scale effect of stiffness of fracture and crack tensor components. m, is the
number of fractures in the Ith set and V; is the volume from which the number of fracture is
calculated with the fracture density.

The probability density function of fracture length is given in the protocol as

4x10% 5,

L)=———L* 10
f& 7653570 (10)
The cumulative probability function is obtained as

4108 [ 1 _gp7me
P(L) = (™ (L)L = ———|-—L7"
() in: F@ 7653570[ 1.2 L,
| i (10
(A0 (NG a2 g o)
7653570 1.2V min

Lpgy and L, are the maximum fracture length and minimum one in the examination,
respectively. At the in-situ investigation, Ly, is 250 m and Ly, is 0.5 m.
The fracture density is also given in the protocol as

D(X) = 2.4X" (number/m) (11)

where X is cut-off value(m). By substituting L,,,, and L,,;, into X in the above equation, the
total number of fractures existing between L., and L,,;, is given by

my = (D(Lpax) — D(Lynin)) V> (12)

The number of fractures is assumed to be homogeneous among sets and formations. Thus,
the number of fractures for each set, m,’, is obtained by dividing m, by the total number of
sets, i.e., 12.

2.2 Examination Results

(1) Casel; L, is the maximum length and L, is the minimum length

This case shows the effect of the volume on the crack tensor components. The number of
cracks is decided by the volume through Eq. (12). The length of the cracks included in the
volume is calculated from Eg. (10) with random number. Thus, when the volume is small and
therefore the number of cracks is small, the variance of the tensor components becomes so
high because the length in the volume varies widely and exists sparsely. To get a meaningful
averaged value, the volume has to be large, in which the various lengths of cracks are
included. Fig. 1 shows the examination result. Only the xxxx component of the elastic
compliance is figured. This result is gotten from the single realization for each volume. The
initial seed of the random number is the same for all volumes. This situation is the same as
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that the volume is enlarged with the same center because the new fractures are added on the
fractures of the small volume with increase in the volume. In this case, the compliance does
not be stable at the 250 m cube. The more large volume than 250 m cube is needed to get the
stable components.

2) Case2; Ly is the same as the side length of the examination region

In this case, the maximum length of fracture is the same as the side length of the subregion,
while the minimum length of fracture is 0.5 m. The fracture length larger than the side length
of the cube is not generated by substituting the side length of cube into Ly, in Eq. (10). This
means that all fractures included in the volume are smaller than the side length of the region.
A larger fracture than the region is ignored. Fig.2 shows the results of this case. Similarly to
Case 1, the compliance is obtained from a single realization for each volume. In this case, the
compliance becomes stable at the volume over the 200 m cube after gradual increase. The
mean fracture length is small for small volume while that is fundamentally the same for all
volumes in Case 1. Thus, the comliance value in Case 2 becomes small at small volume. The
treatment in Case 2 is quite practical because the extensive fracture larger than the region had
better be modeled explicitly. Effective parameter of the region should be comsidered by
neglecting such an extensive fracture. As a result of Case 2, it can be said that the volume
larger than 200 m cube is necessary to obtain the effective parameter value independent of
the volume. ’

The compliance value at 250 m cube in Case 2 is of course the same as that in Case 1.

3) Case 3; Ly, is the same as the side length and Ly, is set as cut-off length
As shown in the result of Case2, if all fractures smaller than the region are considered, the
volume larger than 200 m cube is needed to get the effective parameter independent of the
volume. However, when the detail examination of small region is carried out, the averaged
value of such a big volume is not meaningful and thus the averaged value of more small
volume is needed. The averaged value of small volume is dependent on the volume as shown
in Fig. .2. Thus, it is very difficult to decide the volume giving the parameter values for the
detail analysis. '
The size of each element is not necessarily the same as the volume giving the parameter
values while the element has to be smaller than the volume. If the size of element is smaller
than the volume to decide the parameter, the parameters at the center point of an element
have to be obtained by the information of the volume for the parameter with the same center.
If the volume for parameter values is 200 m cube, the value is not sensitive for the difference
of a few meters and the heterogeneity of the small region is not expressed well. Thus the
volume for the parameters has to be small even if the parameter values are dependent on the
volume.
In the present case, the variation of the parameter value in a small volume is examined. The
examination is carried out by using the cut-off value for L. In Case 2, the value of Ly is
constant at 0.5 m which is the smallest value of observation. In Case 3, Ly, is arranged at
larger length than 0.5 m and the parameter value is examined as a function of Lpu,. The
“arrangement of the minimum length coincides with setting of cut-off length at the in-situ
investigation. Fig. 3 shows the results. In this case, since the number of fractures is changed
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by the cut-off length for the same volume, the averaged values of 10 realizations are plotted.
The parameter value for each volume increases with cut-off length. The mean length
becomes large with increase of Ly, while the number of the fractures becomes small. Thus it
is found for this area that the effect of mean length is larger than that of the number of
fractures. The ultimate value of compliance gives the most deformable property. Moreover,
the smaller the volume is, the smaller the elastic compliance is. This is caused from the small
mean length for the small volume. This tendency coincides with the general one observed at
the real sitnation.

2.3 Summary
By using the crack tensor theory considering the scale effect of the fracture stiffness, the
dependency of the compliance component on the scale is examined. The crack tensor theory
gives the averaged property of the region consisting of fracture system.
As Case 1, the volumetric dependency of the averaged value is examined with all fracture
information. Case 1 gave the unstable averaged value up to 250 m cube. This means that the
more large volume is necessary to get the stable value so that the effect of the maximum
fracture length, 250 m, becomes small.
However, it is not practical to consider the effect of the extensive fracture larger than thc
volume size on the property value. So, the larger fracture than the side length of the cube is
ignored in Case 2. It is concluded from this case that the property value becomes stable for
the volume larger than 200 m cube if all fracture smaller than the side length of the cube is
considered. Thus the examination of regional area has to be carried out by using the property
values from at least the volume of 200 m cube for each element and the fracture larger than
200 m has to be treated explicitly.
Such a volume is, however, quite large for the dctall examination of small area, e.g., 100 m
cube. For this sake, the averaged value for small volume has to be taken even if that is
dependent on the volume. In Case 3, the dependency of the averaged value on the cut-off
length is examined for each volume. It was found as a result that the averaged value increases
with the cut-off length. Moreover, the small volume has small elastic compliance which
means the high elastic stiffness. Although it is difficult to decide the volume size to obtain
the parameter values, the small volume is suitable for detail examination because the scale
effect has a large effect on the results. Moreover, if the deformation is one of the critical
measures, the ultimate value of each volume has to be applied.
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Fig. 1 Scale dependency of Cox
Casel; ; Ly 1s the maximum length and L, is the minimum length
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Fig. 2 Scale dependency of Cyox
Case2; ; Ly is the side length of subregion and L, is the minimum length
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3. Examination with pixel method

3.1 Method
As mentioned above, the effect of the position of fracture is examined with 2-D pixel method.
The crack tensor theory does not consider the interaction between fractures. The crack tensor
theory assumes that the stress is homogeneous and the summation of strain of each fracture
and intact rock appears the entire strain of rock mass. However, the various strains occur at
different positions according to the position of fractures in a real situation. Thus the stress
distribution is not homogeneous. The mean deformation of such a heterogeneous situation
might be different from the averaged deformation of each part under homogeneous stress
condition.
Firstly, the maximum area is assumed as 250 x 250 m. The entire region is divided by 1250 x
1250 pixels, of which side length is 20 cm. The area of a pixel is constant for the other area,
Thus the resolution becomes coarse with small area. For example, the area of 50 x 50m has
250 x 250 resolution while the 5 x 5 m region has 25 x 25 pixels.
The fracture is generated for the 250 m cube with all fracture information of 12 sets of 3
formations. Similarly to the examination with the crack tensor, the number of fractures is
assumed to be homogeneous among sets and formations. The fracture length is considered
from the maximum length of 250 m to the minimum of 0.5 m. The fracture geometry
information used for generation is the same as the one for above crack tensor examination.
The center of the fracture is assumed to exit quite randomly in the region and the shape of the
fracture is assumed to be a circle. Then, the region is cut with the horizontal plane at the
center of the region and the lines between cutting plane and fractures are traced. The steep
fractures are dominant in this area. The cutting plane is used for the 2-D plane model for the
present examination. The number of lines across each pixel is counted. Fig.4 shows the
schematic view of the plane. This figure shows the pixels crossed by one line or more. Since
the resolution is very high, the distribution of the pixel crossed by a line seems like fracture
distribution. One realization of 250 x 250 m plane is used for the examination. The
subregions are derived from this plane randomly. In this report, the 5 subregions of 5x 5m, 5
subregions of 25 x 25 m and 2 subregions of 50 x 50 m are derived and the deformation
analyses are carried out.

Fig.4 Pixels crossed by fracrure on 250 x 250 m plane.
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If a fracture is across a pixel, the pixel is assumed to deform by the only property of fracture.
The shear deformation without volumetric strain is considered as a dominant one for such a
pixel. However, for simplicity, the isotropic elasticity is assumed as a constitutive law. Thus
the equivalent elastic parameter for the pixel crossed by fracture is- calculated. The other
fracture having no fracture has the same mechanical properties as the intact rock.

Let the fracture shear stiffness K, in which superscript / indicates the fracture number across
the pixel. K’ is given from Eq. (6) for each set. The length L, is assumed to be the same as
the side iength of a pixel. Thus the K, is the same for any pixel crossed by ith fracture and
the effect of the fracture length is incorporated by the number of pixels crossed by the
fracture. The deformation is assumed with zero volumetric strain as shown in Fig.5

T

v

Fig.5 Schematic view of deformation of pixel crossed by fracture

The displacement d by the shear stress t is obtained by

1

=06 (13)
K'+KZ2+.. +K"

where n is the number of fracture across a pixel. The shear strain y is given by §/L. Thus, the
Young’s modulus of a pixel can be given by '
1 E
1 o2 T L=
K +KZ+-+KF  20+v)

(14)

Poisson’s ratio v is assumed as 0.5 (fdr the calculation, v is set as 0.49). By using this equivalent
Young’s modulus and Poisson’s ratio, the heterogeneous isotropic elastic medium is produced.
Then the subregion is derived from this tegion. Fig. 6 shows the examples of subregions. Blue
parts are intact rocks and other color indicates the pixels crossed by fractures. The intact rock has
Young’s modulus of 80 GPa and Poisson’s ration of 0.2, -

By using the subregion, loading is carried out on top surface. Fig. 7 shows the schematic view of
loading and boundary conditions. The plane strain condition is applied. The mean deformation of
top surface is obtained and the axial strain is gotten. The compliance in the loading direction as
an effective parameter of the subregion is calculated by dividing the stress by the axial strain.
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3.2 Results _
Fig. 8 shows the examination results of the compliance. It is found from the figures that the
compliance in the loading direction becomes large with volume size. This result can be
compared with that of Case2 in the crack tensor examination, It may be said by comparison
with Fig. 2 that the compliance of pixel model is larger than that of crack tensor and the
dependency of the size in pixel model is also larger than that in crack tensor model.
These are caused from the effect of heterogeneity and it can be said that this effect is very
Iarge This indicates that the displacement at fracture is larger than that expected by
homogeneous stress s1tuat1011 : : SRR

4107

3510 bl

% ! S1de Length (m)

Fig.8 Comphance as functlon of s1de length by pixel model

4. CONCLUSIONS
The following results are obtained at present;

D

2

3)

If the crack tensor theory is used for homogenization, very large volume such as 200 m
cube is needed to get the equivalent parameters independent of the volume. While this
result is very influenced by the fracture geometry information, in particular, the
probability of the fracture length, the regional analysis has to be carried out by using the
parameters obtained from such a volume.

The compliance becomes large with volume size. This tendency is given by not only
crack tensor theory but pixel model. However, the dependency of the compliance on the
size is high for the pixel model. This indicates that the interaction between fractures has a
great effect on the deformability.

When the smaller region than such a large volume as 200 m cube is focused for detail
examination, the parameters dependent on the volume have to be used. The selection of
the volume for parameter identification needs a careful consideration. Moreover, the
parameters of a given volume are dependent on the cut-off length and the deformability
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becomes large with increase in the cut-off length. Thus, if the displacement is the critical
measure for the examination, the large volume for parameter identification and large
cut-off length have to be selected. In contrast, if the stress is focused, the small volume
for parameter identification and small cut-off length may be better
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Thermal properties

Specific heat [J/kg C] Thermal conductivity [W/m'C]
0.71
(pC)m = (1" n)PsCs +nS,p,C, | A= 1'28_ 1 4 ¢r—0:65)/010
C, ; Specific heat of solid /O,crj’
=1.38T+732.5 A p
C,, ; specific heat of water é O D/J
n ;Porosity =10 F
S, ; Degree of saturation £ 0o | /
0, ;Density of solid gt | //
p,, ; Density of water 808 /
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‘Hydraulic property (1)

Hydraulic conductivity

> Intrinsic permeability

k [m/s] o K [
re lo =
=— - g(K)=-6.00p, -11.13
log(k) = -6.00p, - 4.09 u; Viscosity of water ‘
(p =1.30-1.47g/cm?) u(25°C)=0.893 x 10-Pas (p, =1.30—1.47’g/cm3)
¢ p; Density of water
log(k) =-2.96p, —8.57 0(25°C)=997.04 kg/m®  108(K) =-2.96p, ~15.61

g ; Acceleration of gravity (0, =1.47-1.84g /cm®)
d :
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Hydraulic property (2)

Relative permeability

k,=S"
Test Value of n
Water infiltration in small teflon cells 4.64
Water infiltration in bentonite in contact with granite  3.50
Heat and water flow experiment 1 3.06
Heat and water flow experiment 2 1.10
Heat and water _ﬂow experiment 3. 1.68
Simulation for above experiments 3.0
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Hydraulic property (3)

Water retention curve

5 f = 1+(s/P)+* ]
Path 0, range P, A S, min S
Wetting 1.70-1.75 900 045  0.00 1.00
1.60-1.65 300 032  0.10 1.00
158-1.59 45 017  0.00 1.00
Drying 1.70-1.75  180.0 0.62  0.00 1.00
158-159 300 015  0.00 1.00
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Hydraulic property (4)
~ Water retention curve

S-S ST b -\

5= S |1y |

/

Suction (MPa)
>

—
(]

a = 0.033 (1/MPa)
n=2125(-)
S, in = 0.10

S, = 1.00

rmax

-

[

1
o = =] = n
'o T LIttt T T ITTir TT=I"1T7

0.2 0.4 0.6 0.8 1.0
‘ Degree of saturation (-)
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Hydraulic property (5)
Thermal water diffusivity

Thermal water diffusivity will be determined
by back analysis of laboratory test.

aze. GEAR PUNP | T
— E?_“_%; g VERTICAL LOAD PERSPEX HLECTRICAL HEATER ’ ’g\ 19 A ey
L THERIAL INSUTATION E A o /;
TUERNDCOUPLE “a’ 1 7 - L (/
2 o0&,
ﬁ . ..-"’A-
S 15}— 27,
E-)f "‘/_/
S 1 A4
Lt 4
OM 1 1
sy
0 2 4 G 8
Distance to heater(cm)

Measured water content
< initial water content = 15.3
O initial water content = 16.9
A ipitial water content = 17.1

Computed water content
initial water content = 15.3
———— initial water content = 16.9
- initial water content = 17.1

D; =1.0x107[m?/ (K ? s)](constant)
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Preliminary analyses

TH coupling problem was focused on.

Only the bentonite and the heaters were modeled.
The surrounding rocks were not considered.

Two dlmensmnal model was used because of its
51mp11c1tles :

The purposes were to check the analytical

possibility of THAMES and to get a rough estimate.
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Analytical conditions

Each heater provides 1200W constantly. ~ Hydraulic potential is fixed 500m.

/\ / Temperature is fixed 40°C.

227m

i
0.97m 15.0m

F. 8
W

Initial conditions
- Suction is set 2500m(water content is about 13. 5%)
- Temperature is set 40°C
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Result of simulation

245 days after the heating

Potential head, (m)
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Finite element mesh for full scale

¥/ bentonite

heater

 _ an fc_oncrete plug
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PART B: THERMO-HYDRO-MECHANICAL ANALYSIS OF THE
BENTONITE BEHAVIOUR
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(1) Introduction
The international FEBEX (Full-scale Engineered Barriers Experiment in Crystalline Host Rock) project is

a project that is co-financed by ENRESA the European Commission. It is co-ordinated by ENRESA and it is
planned to Iast from 1994 to 2003. The purpose of the project is the study of the various processes occurring in
the near field of a high activity radioactive waste storage. Specifically, three objectives were defined: (1)
demonstration of the feasibility of the construction of engineered barriers, (2) study of the
thermo-hydro-mechanical (THM) processes in the near field and (3} study of the thermo-hydro-geochemical
(THG) processes in the near field. The FEBEX project has three main components, namely: (1) an "in situ”
test in natural conditions and at real scale, (2) a mock-up test at near-to-real scale and (3) a series of laboratory
tests to complement the information of the two large scale tests,

For the present modelling exercise, the FEBEX "in situ" test has been chosen. This test is installed at the
Grimsel Test Site, an underground laboratory in Switzerland operated by NAGRA. The experiment is based on
the Spanish reference concept of deep geological storage in crystailine host rock. In this concept, steel
canisters containing the conditioned waste are placed along the axis of horizontal galleries drilled in a rock
formation and an engineered barrier is placed in the annufar space left between them. The engineered barrier is
made of high density compacted bentonite blocks that will swell due to water input from the host rock,
providing thus a very impervious sealing. In the FEBEX "in situ" test, waste canisters are replaced by two
cylindrical heaters. '

Due to the detailed geological and hydrogeological characterization of the Grimsel Test Site, the
comprehensive characterization of the bentonite used to fabricate the engineered barrier and the monitoring
- performed during the drilling of the FEBEX tunnel as well as during the test, the FEBEX "in situ" test is well
suited to be the object of a modelling exercise. In the context of the DECOVALEX Il project, the modelling
exercise will be divided into three parts, namely:

* PartA: Hydro-mechanical modelling of the rock.

Based on the available geological, hydraulic and mechanical characterizations of the Grimsel Test Site as
well as on results of hydraulic tests performed on boreholes, a hydro-mechanical model for the zone around
the FEBEX tunne] will be prepared, Using this model, changes in water pressure induced by the boring of the
FEBEX tunnel as well as the total water flow rate to the excavated tunnel will be required.

+ PartB: Thermo-hydro-mechanical analysis of the bentonite behaviour.

Based on the characterization of the bentonite and on the details of the process of test installation, a
thermo-hydro-mechanical model for the bentonite barrier and the heaters will be prepared. Using this model,
the thermo-hydro-mechanical response of the bentonite barrier as a result of the heat released by the heaters
will be required. Besides local field variables such as temperature, relative humidity, pore water pressure,
stresses and displacements, and global variables such as total input power to the heaters will also be required.

¢« Part C: Thermo-hydro-mechanical analysis of the rock.

Based on the characterization of the rock massif and on the details of the process of test installation and
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perfonﬁance, the rock response in the immediate vicinity of the buffer will be required. The rock is now
subjected to the heat released by heaters and by swelling pressures resulting from bentonite hydration. The initial
hydrological regime (Part A) is also'modiﬁed by the presence of the impervious barrier. Temperature, stresseé,

water pressures and displacements in selected points of the rock will be required.
This report shows the simulation results about the part B of JNC research team. -

(2) Properties of buffer material
1) ‘Thermal properties
(a) Specific heat
Specific heat is given from the laboratory experiments of bentonite S-2. and the specific heat capacity is

given as
(oC), =l-n)o,C, +nS,p,C, (1)

where C; is the specific heat of solid particle [J/kgK], C.. is the specific heat of water[I/kgK], n is the
porosity [-], S, is the degree of saturation, g, is the density of solid particle [kg/m®], o, is the density of
water [kg/m’], Specific heat of solid particle C, is a function of temperature as follows,

C,=138T+732.5 @

(b) Thermal conductivity

Thermal conductivity is a function of the degree of saturation as follows,

0.71
A=128- 1 1 g(5--065)/0.10 €)

where A is the thermal conductivity[W/mK]. It is a function of the degree of saturation. Fig.1 shows the
relationship between the degree of saturation and the thermal conductivity.

(c) Linear expansion

Linear expansion is 1.0*10°*[1/K] which is given from the laboratory experiments,
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Fig.1 Dependence of thermal conductivity on Degree of saturation

2} Hydraulic properties
(a) Saturated hydraulic conductivity
Saturated hydraulic conductivity, k [m/s] of FEBEX bentonite is the function of the dry density,
pd[g/cm3] as follows.

log (k) = -6.00 p;—4.09 (g, = 1.30~1.47g/cm’)
log (k) = -2.96 p;-8.57 (p, = 1.47~1.84g/cm”) “

Assume that these values were obtained under 25 degrees Celsius, they can be converied into intrinsic

permeability [m?] by following equation.

i ®)
rg

where y is the viscosity of water [Pa s], p is the density of water [kg/m’], g is the gravity acceleration [m/s%].

Viscosity and density of water at 25 degrees Celsius are

1#(25°C) = 0.893X10° Pa-s (6)
0 (25C) = 997.04 kg/m’ @

From equations (5), (6), (7), intrinsic permeability was estimated as follows.

log(K) = -6.00p, -11.13 (o, = 1.30~1.47g/cm’)
log(K) = -2.96p, -15.61 (p; = 1.47~1.84g/cm’) ®)

Fig. 2 shows the relationship between intrinsic permeability and dry density.

-7 (4)




JNC TJ8400 2002-021

107" e
- ]

10° \ -
g . E
2 ]
E -
810-20 \ -
| ~
5 . \ ]
210-21 \x
B ~1
= 3

10-22 Lealenl L Ll ol Ll Ll 1.l L I - Ll Lo bobl Lol Lk

11 12 13 14 15 16 17 18 19

Dry density (g/cm )

Fig. 2 Relationship between intrinsic permeability and dry density
(b) Relative permeability
Unsaturated hydraulic conductivity, &, is greatly dependent on degree of saturation. It can be given as

the product of relative permeability, &, by saturated permeability, k.. Relative permeability for FEBEX

bentonite is given as following equation.
b =S" &)

The value of m was identified by back analysis from laboratory tests. Table 1 shows the result of it.

Various m values were obtained by different laboratory tests. For the simulation, the m value 3.0 is used.

Table I Exponent in relative permeability law obtained from different types of fests

Application ) Value of m
Infiltration Test(CIEMAT) 4.64
Infiltration Test(UPC-DIT) 3.50
Test Heat and water flow test 1 3.06
Heat and water flow test 2 1.10
Heat and water flow test 3 1.68
Analysis 3.0

(c) Water retention curve
Water retention curve is the relationship between suction, s [MPa] and degree of saturation, §, [-], and is

given as
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-2

5 (10)

rmax — ~rmin

1
Sr =Srmia_ [1+(5/P0)1—A

where S, and S, are maximum and minimum saturation, Py and A are material parameters. The values
of these properties were specified as Table 2. The values for the analysis of in-situ test are correspondence
to those of dry density of 1.60 to 16.5g/cm’ during wetting. van Genuchten model as shown in equation (11)

is used for the simulation and the parameters for equation (11) are determined as equations (12) and (13).

L

S, =Spmn |1 n
Srmax - S‘rmin - [1 + (as)" ] (11)
a=0.033 (1/MPa) | (12)
n=2125 (© (13)

- The retention curve for simulation is shown in Fig. 3.

Table 2 Parameters of the retention curves

Dry density P

Process 5 A Sromin Srmax

s (g/em’) (MPa)
) 1.70-1.75 90.0 0.45 0.00 1.00
Wetting | . . : e _ S S _
| 160165 300 | 032 0.0 | - 1.00
P 1.58-1.59 4.5 0.17 0.00 1.00
Drying 1.70-1.75 180.0 0.62 0.00 1.00
path 1.58-1.59 30.0 0.15 0.00 1.00

‘035 , \

/
/

Suction (MPa)
3,

-—-—n“{

-
Q
(=3

10-1 L L L 1 1 L 1 L 1 L 1 L (3 i L
0.0 0.2 0.4 0.6 0.8 1.0
Degree of saturation (-)

Fig. 3 Retention curve in analysis
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(d) Thermal water diffusivity _
Moisture movement due to thermal gradient in unsaturated area is expressed by using the coefficient of
thermal water diffusivity, Dr. The value of Dy is determined by back analysis using the data of the
laboratory tests by UPC. Intrinsic permeability, relative permeability and water retention curve are those

specified in (a) to (c). Analytical conditions are as follows. '

- size of specimen : diameter 38mm, height 76mm

- initial dry density : 1.68g/cm’ '

- thermal boundary conditions : 2.6W at one end and fixed at the other .
- initial water content : 15.3%, 16.9%, 17.1% |

Thermal water diffusivity obtained from the back analysis of laboratory fest is as follows.
Dr=10X10" (@’sC) _ 14)
Fig. 4 shows the comparison between the simulated water contents by using the parameter in equation

(14) and those of laboratory tests, Here distribution of water content in sample at 100 hours after starting -

from the tests is shown.

21

PR : & ‘ !.,,L
Fa¥
% | R DR /.;n-_;..{./.,f..?.
o 0 g :
] 17 * .
5 UA o/ .
8 s . Measured water content
., : b // ) < initial water content = 15.3
g 1 e O initial water canfent=16.9
§ A / - A initial water content = 17.1
o / FR Computed water content
1add A : ———-- initial water confent == 15.3
/-/ == inifial water content = 16.9
A . - - - inilial water content = 17.1
17 . : v
0 2 4 B 8

Distance to heater(cm)

Fig.4 The comparison between the heat and water tests and analysis
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3) Mechanical properties

(a) Elastic modulus ‘

Fig.5 shows the relationship between the shearing modulus and the dry density, and Fig. 6 shows the
relationship between the shearing modulus and the degree of saturation obtained by laboratory tests. These
figures- show that the shearing modulus increase with the increase of the dry density and the degree of
saturation. Therefore, we assumed that ‘shearing modulus G(MPa) is expressed by using c{ry density o,
(g/ers’) and degree of saturation S, (%) as following linear equation.

G=c +cy0,; +¢3S, : (15)

The following equation shows the result of regression analysis by using the result of the test in
$3=0.01Mpa.

.G =-234.7+176.0p, +2.15, (16)

Fig. 7 shows the comparison of the relationship concerning shearing modulus between the value from
equatjon (15) and measured one. For our simulation, the elastic modulus is needed. Elastic modulus E is

calculated by following equation.

G= E
2(1+v)

A7)

where v is'Poisson ratio.

600 et
A o3=0.01MPa :
o@=0.1MPa a .
. 03=0.2MPa ]
& o3=0.4MPa ° A ]
= . o3=0.8MPa 'y s -
© . ]
9 ? ] A ]
2 ° 2
: -g ] a [C:I! h - :
£ . 8 A ]
5200 2 A ° o
3 o A I
& : B o o ©§ O ]
100 N - o A o
[ ° T o ]
) 0 [ 1] 1 L L L L 1 L L] L L L l L L 1 1 1 L ]
1.5 1.55 1.6 1.65 1.7 1.75
Dry density (g/cm?)

Fig. 5 The relationship between shearing modulus and dry density
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Fig. 6 The relationship between shearing modulus and degree of saturation
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Fig. 7 Comparison of the relationship concerning shearing modutus

(2) Coupled thermo-hydro analysis of buffer material
1) Analytical conditions _

THAMES3D is used for the numerical simulation. Fig. 8 shows the model geometry for the simulation,
which includes the two heaters, buffer material, concrete-plug, tunnel, and host rocks. The origin. for
simulation is the point of contact between the center of the tunnel and the boundary between buffer material
and concrete-plug. Positive direction of x-axis is longitudinal direction from the origin to buffer material.
Positive direction of z-axis is vertical upward. The direction of y-axis is set as the system was right hand
one. Since the site is line symmetric with the xz-plane, the model is made only in the positive part of y
direction. ‘

The initial state is when the engineering barrier system is emplaced, but the water pressure decreasing
due to the excavation is not considered. The hydraulic head are specified 100m at host rocks, tuanel and

concrete-plug, and the pressure head are specified —9194.7m at buffer material, which correspond to about
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14% of water contents. Initial temperature is 20 degrees Celsius over the domain.
In this analysis it was assumed that hydraulic head and temperature at host rocks were fixed. And the

coupled thermo-hydro phenomenon in the buffer material was only focused on.

‘global mesh

50m

engineered barrier system
heater

Z

concrete plug,r bentonite

Fig.8 The model of FEBEX analysis

A7 ! ! L
e -heater bentonite

Distribution of saturation Evolution of saturation '
radial direction -~ E1H :'%=35.325m; y=0.55m; z=0m
El x=5325m;y=0m EIC 1 X=5.325m; y=0.85m; z=0m
‘ :x=5325m;z==0m  EIG +x=5,325m: y=1.04m; z=0m
H :x=9375myy=0m HH 2 x=9.375m; y=0.55m; z=0m
:x=9.375m; z=0m  HC 1 x=9.375m; y=0.85m; z=0m
E2 :x=13.425m; y=0m HG : x=9.375m; y=1.04m; z=0m

1 x=13.425m; z=0m
longitudinal direction
LGl : z=0m; y=1.04m
RC1 v z=0m; y=0.85m

Fig. 9 Location of the observation lines and points

2) Result
(a) Re-saturation
Fig. 9 shows the location of the observation lines and points for the degree of saturation. Fig. 10 shows
the time history of degree of sﬁturation at the observation points. The points E1G and HG, those are close to

~ the host rocks, are re-saturated in the earlier stage, while the points EIH and HH, those are close to the
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heater, are slightly dried. The drying at E1H can be seen until about 150 days after heating. From Fig. 11 to

Fig. 14 show the distribution of degree of saturation on the specified lines.

Degree of saturation

Degree of saturation

Degree of saturation

—a— E1H (5.325m, 0.55m, 0m)
s E1C (5.325m, 0.85m, Om)
E1G (5.325m; 1.04m, Om)
—— HU {9.375m, 0.55m, Om)
HC(9.375m, 0.85m, 0m)
~t—HG (9.375m, 1.04m, Orm)
Nearest points to the specified

200 400

600

800

- time, (days)

1000

Fig. 10 Time history of degree of saturation at the observation points
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Fig. 11 Time distribution of saturation degree along the observation lines at E1
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Fig. 12 " Time distribution of saturation degree along the observation lines atH
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Fig. 13 Time distribution of saturation degree along the observation lines at E2
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Fig. 14 Time distribution of saturation degree along the observation lines RC1, LG1
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Fig. 15 Location of the observation lines and pbints

(b) Temperature
Fig. 15 shows the location of the observation lines and the points- for temperature. Fig. 16 shows the
time history of temperature at the observation points, Fig, 17 shows the distribution of temperature along
D1 and G lines after 90 and 1000 days. Fig. 18 shows the evolution of heat flux. Temperature increasing
rate imtil t=60days to 70days is relatively high. The reason may be that estimated heat fiux from the heaters
is too high.F From t=53days, temperature of heater is fixed, and the temperature at the observation points
increases slowly with constant increase of heat flux. There are some points where temperature decreasing

occurs. This is because of the increase of thermal conductivity due to the increase of degree of saturation. .
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3} Conclusion

In this analysis the h;aat flux from the heaters was overestimated. One of the reasons is that the
temperature of rock was fixed. Consequenily, the gradient of temperature inside the buffer became larger
than the expected value. Drying was observed near the heater, but it appeared not so distin_ctly. This is not
only because re-saturation was earlier than the diffusion due to gradient of temperature but also because

head is fixed 100m at host rocks. Actually, excavating tunnel causes the lowering of the water level in the

Fig. 17 Time history of temperature at the observation point
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Fig. 18 The change of heat

rock, therefore it is inevitable to consider this effect.






