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Numerical Simulation of Coupled Hydro - Geochemical Behavior Induced
by Tunnel Excavation
—Preliminary Analysis for In-situ Test on Excavation Disturbed Zone of the Drift
in Horonobe URL Project—
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Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received December 17, 2008)

It is necessary to consider disturbances caused by an excavation on mechanical,
hydrogical and chemical conditions so as to well understand and simulate the
long-term behavior of near-filed performance after emplacement of the engineered
barrier system (EBS) at a repository for disposal of high-level radioactive waste
(HLW).

This paper presents the results of preliminary analysis of an in-situ test on
Excavation Disturbed Zone (EDZ) at a horizontal drift tunnel of GL.-140m level in the
Koetoi formation at the Horonobe URL project, using the coupled
Thermo-Hydro-Mechanical and Chemical (THMC) model which has been developed so
far. The coupled analysis was carried out taking account of hydraulic and geochemical
disturbance induced by an excavation. As a result of analysis, an unsaturated zone
with less than 95% of water content occurs within a range of about 5 m from the
tunnel wall surface, and thereby carbon dioxide dissolved in groundwater is degassed.
It is indicated that the degasifying leads to geochemical changes including chemical

composition and pH of groundwater.

Keywords - HLW Disposal, EBS, Near Field, Coupled THMC, Numerical Simulation,
EDZ, Oxidation-reduction Potential, CO2 Degasification, pH
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ﬁ@%%@ﬁwﬁ (B —Be) ISRV TERIRENT-R—1 > 7 a7 OFM RIS
. RIBREOFEREFIIE, BEEEE, AR JOESL R S TnD 18, 2
;Ti\ﬂ%k%@ﬁﬂWFPHMEQ@@%%VKM%$@%ﬁLi@\ﬂTmﬁﬁ%
TERLTWD EEZ LN AT OIY & LT, A5 (Si02, quartz) 35 L OBEEL (FeSz.
pyrite) ZAMNT CHEET LM E L THRE L, ok, BN%ET —XI12id, BhET—
H~_X—2A 011213c2.tdb 1% (http://migrationdb.jaea.go.jp/) ZfHH L7z,
F7o. BT OHM OISOV T, HDB-6 FLOEE 162.2m~162.32m DR — U >
7 a7 kst b Ul XA L 2 BEREIITRER 19 ICE SV THRE LR (£ 3.1),
T 2T, G LT o FEMEOWEREE AR 2.2 LD 900kg/m3 & L TR LT,
G DN T, K — RO 2 P 7 L T 38BN DD T, RT3 L 912
fRR 2 BT DB 2 AR EET LV TEE LT,

FeS, +7/20, + H,0 = Fe* + 250> +2H" (3.3)

THERBLOIAMEE r (mol/m2s) X, STHA XL W kXA L7- 10, Sk Cid, #Hekgio

HeREREIT 0.047Tm%g N2 b THRY . AT T 2 EMHEFT OREL, 45mol/m3,
4y & 120g/mol, ZEFREE 0.602 ([ZRRE L TWDH Z Enn, HELOHMAREH - DF
HAEZ#9 0.42m2/1 3% E L7z, 22T, my, : IRIFEREIRE (moll), m,. : i DK
FA A PRE (moll) THh D,

0.5

—108w® oo (34)

0,11
H+

Flo, ZWREME LT, Fe(OH) ;7 ENT 7 A&B[E LT,
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(2) #TFKKE
RHR LT HWEE 140m O g O M N AKEMRIX, BER—Y v 7T TS
HDB-6 fLOAKT —% 5 nHEE LTz, 728, Eh IZOWTXRIEMENS 228, st
Lo TRkDDHZ L LT, AikD X512, x5 &35 RMERICIE, BBEcRiEIcE
BEHEZDEBEZONDEBIENEENTNDZ L T ARFO SIEENRFEN LMD,
IR U TR ofafn (SI=0) Z{GE L, AL PEHRIC K Y Eh 2008 L7z,
L XD R 721 FoKMLR &2 3R 3.2 127”7,

(3) MEBIT/INTA—FDETE

WERBAT/RT A—H D H BOFEEIZ OV TR, AT DK N Fafnis b A fafi~ & 2
BIOBIMEELTHD LN, SBODRITERT L2 L L Lin, 72, BBORIKK
HF D5y T OILEFREAZ DNV T, T8 2RI £ &) ORI CRE L& R DI
By 7afi L LC 7.50x10 m2/s & L7z 17, JUfRES L OWRIELREIC DV Tk, Hiskib
FIRAT RS HE DL EMLEBE LN HD L LT,

KIFHNTET MZBT DL DOH ADBITIZONTIL, JRE AR & BrEh 1 &+ 2380
HDOEFNNE 725 TN D, KT TERET DEMEF O T AX AR B IO @bRFEE L,
B H O 7 A OYEHAREIT, SCERE L W 2241, 1.80x105m?%/s, 1.35%10% m?/s
L7218,

3.3.ImASEH
HUEMNIT, HFKFICEORE AT L COW D RO AZxticd D7, 5y 7a
LMMTON TS Z MG, FUENOMMHEE K R TnWb EBE 2 6n5, JIEN
OARHTRE 1T, MREREHB AT IEAT DR OBRICEHHI SN D L B2 N5 72D, Z 2T,
HUBNOMRHEE 2 50% EGE L, YUERERIL Z OMHXHEE & Pl Ch 5 S E LT,
FARHEE & AKDALZERT v v v (Jkg) & ORITIZLL T ORERR & 5 19,

RT P,
w_ﬁln(ﬁ) (3.5)

Z 2T, PIIKESE (Pa), P IFfEfkZASE (Pa), M IFKkD5F& (kg/mol) .
RIZ—MEUAEE (J/mol K) . T IEffxtiiE (K) Th b, 2LV, JHEREHEIL, -9240m
HO Y7 > a o THIE LT,

o, VUENIIRRE L, RERSEOFE & " bkFEEZE LT,

R K X & LTz,

AT DSR2 X 8.3 12T,
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3. 4 FEMTHER

KRNI BT D RETRE A X 8.4 IZR T, 77 7T, YOEREE 2D OEHETH
D, HORERIZX 3.3 TR LULEGEE 140mD 7 A > EThD, 2LV, JUEEDIC R
FEEIR23 42 U, 1000 H %, K EBAFIEEDS 95% LA T O AR EFNSEIE IHLERE T K VW NEBIZ 5
mAREOHFPHACTHE U DHER & 72> T D, 2B FHR LA fafnaEik Ok fafi iz 99.99%)
X, BUERER D 6 NEBIZK 50m OFPH & 7o > T b,

B4 3.5 1%, AEFEEHIEEUE T 0 ZFRL R FIRE ORISR Th 5, AR AEL S
TEIZE D KIS EO R TIRAE LT RER AN A L C A SR e A h o> —
FRALIRFBIRE N EF- L, 500 BREEE E ClImW M bRFRELZ R LTS, LnLan

5. KEFEDEAN R < 722 500 HLARRIX, iz 72 ZB(bRFE OB AT AT 72 <
725728 RAAFIEIR A T OREAME T L 1000 B #ICIEREH O BRbIREWRE & [F
U E 72 %, IRERDIEA ANAT D#HIL, Lo X 5 1CHE Lok faFnE 2 99.99%
LR DHEIPHE R CIZ7e D,

[ 3.6 1%, #iTF/KD pH OfFFTHERTH S, JUEEL TOHFARD pH 1%, FIHD 8.2
P B —HFHZAENZ ER/F 525, 1000 BRZRIZITHHOMEICR L FER ER>TnWD, Zh
13, ISR & S 1o, T KPICEFE L TWERBOBA ADEBIZ L 5D EEZD
. pH OBFEIAZR 2L, REEDBLAT A DZEENIFES L7 b D L5 TN D,

CO “ +2H < CO,(g)+H,0 (3.6)

2

B 3.7 1%, AEIFIGEHIEAAE T DR R IR L OIENTHE IR T 5, BEMEH THERE L 72 HEIL )
MR HET D720, [AHP OBEFRREN BRI 2L, YUEREH LV 20cm FRE & 72
S>TW5, LT, M38ITr-T LT, BLBEICEMDIEE CTH D pe IZHOWTIE, 5L
TEREM D 20em F2E O T LR R o720, EOMOEH 3TN TIE, Wi OET
WD RN DFER L R TWND,

2B, B9 T LIS, AP CTHEE LI L CRENME T L, KR
P& L CE&E LT Fe(OH) , 7€/ 7 7 ANHUEBER T CTHE L, 1000 H#%IZIXK
37Tmol/m3 DL AL L DHFER L > TS (¥ 3.10),

o

BRI, R RIRNEE . NIRRT O “RRALIRSRIREE D = o X — M 2 FE P L TX 3.3 1TR
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Na

x3.1 BATEREIS S2EBEPOHY

/Y] a8 E(wt%) 2 F=(g/mol) =& (mol/md)
Eﬁ(SiOzs quartz) 10.1 60.1 15125
=R (FeS,. pyrite) 0.6 120.0 450

3.2 HTKHM

#HORK = E(mol/I)
C 2581 %107
Ca 2.645x 1073
Cl 7.052 x 1072
Fe 2101x107°
K 3.069 %107
Mg 2.715% 1078
Na 1.087 %X 10"
S 2.495 % 1072
Si 1.592x 10™
pH 8.2
Eh (pe) -249mV (-4.2)

*pe=16.9Eh(25°C)
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BERTY TAL

THAME !
B — K — i J1E R R AT

RHEDFRE m

W
3
i
o
.;‘c

PHREEQC ¢
HERILZEN (ERE) v

[CHMRE, GMOBRAR, || AR SERE

HANE, AATBRIELE

Dtransu3D-EL ¢

B - D REN GRIEILEES) |
AR (RialeEs) |

L

v
L pEsSA—sEH |

A 4

Yes
4( REER T v T~ )
lNo

_T
3.1 B—K—-—IEHh—LZ2EABTETIILOHE I A —DOHE
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:  hREDEREMH

KEE) . £/KEE 140mHO ‘
DIFEHSR §
MEBIT FER

GLOm
 MEEREOEREH : :
. KFBE): X 51 /KEE-9240mH,0 |  BREOEREH

DHRTEHER . JK#E): £IKEE 140mH,0 |
MEBT BRE. —BRILRE _DIRERR
REETR[OSEDOR L MEBIT HER
EER f
\g — = —— —— —— —— —— | —GL-140m

OB E
% 7KEE : 140mH,O (faF0)
fEls/kEERL: R 3.2 SR

GL-280m
. / 280m

EEDEREMN :
 kBE .2k 140mHO
DFEEER f
YERIT FER

3.3 FMEFEN
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3.5 FEAMMEESAEPO_BILRRREDHENER
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S[HEPDEEZREE (mol/|_air)
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8.22

8.20

a1s —o— A

) —o— 1008

—— 2008 #%
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—— 1000 H 1%
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1.00E-02

9.00E-03 &

8.00E-03

7.00E-03

6.00E-03 o

. —o— 1008

5.00E-03 —— 2008 %

4.00E-03 5008 #
—— 10000

3.00E-03

2.00E-03

1.00E-03

0.00E+00 ¢

0.0 05 1.0 15 2.0
EEEANSDERH (m)
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4. EER

REAFOFEIR O FAEIZ & b7 5 H P ~DZERDRAD, T KO KE B K IET
MRENWZ LB oT,

ZIVE COREMATI e RFHNT L o T REMBIROFRRIZIT, R AR KBRRR B R
FMEOEBRRKE N LRGBS TNS 20,

A EIOFEHTRIMN CTEEE L 7o i O AR @ Rt i, BEEOMERER L L TR LT
Lk (MR 0.2~0.365) DO/KFRFFHIFR 12 BB ICRELTWDHN, xtG LT 5%
Mg (2 2Tl MBREE 0.602 1T E) &id, ZRERSHBKBENR LD Z Enb, R
BRI E RN B2 Y | ZHUC K o THRAET 2 Rk ORI & 272 2 /REER B 5

F7, YUERERI D D ORIy ORI KRBT D700, AN Cl, YUEPN OF6HEE %
50% & ARGE L YUEBER DKy R T 2 v /LS Z OFRHEE & B 2L X —iIC P Th
D EMUGE LTy, L0 BIEM BRSO E ik E UCiE, SuBRER o /K 5 fafin i 4
TE L. KRB ZE S W TN E 72K AR T v v )V 52 2 IS0, SLBERER
MOHDOKGOAEIEEZFRL 22 BREME L TERREE 7T v I ATHEZDELS
%,

BEH OVEE 400m OHENE 2 K5 & U7 [REROMRHT Tid 2V ibA O /K S Rl & F
HUiERER OFEXHTEE 2 95% & RE L CRHRE 21T > T\ %, 1000 H % O EaF1EE D FEMTHE R
2 41T, A EIOMETHER & 1%, KB O T &, NEFnEk O &
MBRDFERE RS> TVND,

ZDOEHIT, BET D AREFUKBFFERCE AR Lo TRERN R D 2 Linhb | HR
& 72 DA O A AT K ERRAE RS X OWLERE R O K3 AaFNEE , & 5 VN EYLERER /> D D755
EARE L, EEMEIZED <RI 21T 5 WER H D,

Fro. KEAFMEOZEMBY R0 b AEMEROER O EE 52 5 LEZE2 6N, 4
B, BEPEMRATIC X 2 IR DA S < ERRBEOLE L) b BEAAEIRE 2 FE L T DA,
SUEIRHNZRE 5 KBGO OFE N E L Tid o TlidanweE 2%, #flzidX, MBC €7
JL 28 Jo B O RNEE A2 T UL L, JBEIC K o TRAET IBRAOBOCE AN
R o 8 HEE LTI IR L0 KBRRHE O ZE e AT B RO D Z & bR Tk
DOEDEEZEZBND,

A EAFIFEIR DO FE AN L BUERER & 0 BN KRB A ENITIR AT 5, AT Tl
HUEREHE LV 5m O TN UK 95%LLT) AT TWAHAR, ZhiZ
L. BLETTEALA FA- DRI IUERE R £ 0 0.2mFEEE & 48D THWEEPH & 72 5> T
W5, BERTIE, AR CREEDAME A TR T 5 506 % BB LRWEEI1TIE, AiaftE
BDOFFAIZIEIR LT, MUK OWTARE SRR EE S L5 BLIE SCEAL MR T T 2 /6 A5
BTS2, ASRIERE LT LA iR 2 1H 9 2 AT, 200nm FREEIZ ke L7z
FERIEDOFURL & e & ARG SEDLERICE > TS LI L O TH Y | 5T
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DR OEERE L ITRE  BARDATREMEDN & D, Z DT Wfbis o BN AN EBE f T
BT & 72T RIREMED 8 D o AMNTIZIS VN TIE, BRIE T 23R L K DR {LiE T
NZXETHHERNTHL Z &b HRPIZRIT 2 ESILOBIEE OB ENLETH D,

4.1 FEAOMOHAFBZRRE LI-FEamMBEOBmFHE 2
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5 BHYIC

MR AE R M S A AT CREE S LTV DR 140m O 7 g 2 %5 & L 7o YLE i I 285
EBR D T & LT, SUAIRHIR ORI OZ M E | ZHUTHE S MBI PRI 7R 8RB
DEAGIZ AT 2 3l 2 2 U 72, AMEATRHN T, SUEIRHIRE OIS RO ZE IS 5 K
R DAL 2 B D 720 FRNTIUAEBAEA#T = — N ABAQUS % Ml 72 ST 2
1To 70, NNFRI7R BT X B /KBGO ZEAIT 6§ D AARARFEIE & U CEAE I 2 541
U, GO EARIZ K D HIBROZ 3 B KZEM D2 & Sl Th 2 & RE L, YUEHHI
BOFKRFEZIRE LTz, £ LT, ZOHEKEOEZ OISRt L LT, YUEEZDOA
fAFbIZ & b7 9 R AOKEZAIZBE T 25kl 217 5 7212, #ER LS 2 B LTk
M —WVBERATHE RN &2 T2 Lo, EORER. SRS 95% L F oML, YiE
BEM & 0K SmAREOHPH THAL, ZHIT o T, HITKFIZEWIRE THEFEL TWD
IREEDSAT A L, HUFAKD pH BNET HZ L2 HET 2 2 LN TE L, o, REEHTRF
fifi 2238 U T, ANEIFNGEIR D TR AN A A K BRI OB S o6 L CTRE 2 F5D 2 & 30y
277,

LRI, KI5 L T2 D55 D ARG K FHER, SUERER DKL & DT — 2 211
U, EREIZES IR 21T 5 MERH D, Flo, WiFITF a7 ) — R B3R T
B 8 LT & FEhE L . A AnsEik DB KO F KK E~D B OW TR T 5
WENBD D, £ LT, JRAE TOFHT —% &L OHBIZ LY | I FED YL TR L
TV &b, BEHFEHIORTREZITI TETH D,
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B2 Rl = s
E SA-t A m i s by m?
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B RFn 774 kg WoE | A— bR m/s
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S w7 v <7l oA b3 Hal g A — v m’
#orERE|l s v e v K WL, R RS T AR A L kgim®
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IREFIRN,
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(@~ Y BRI SN T DI, R LUV OFEHBRIC W TORER SN D,

BN T RAEZTNE L ORRIRATFT, ALy ARELZRTOICEAEND, BAVTRELFLESD
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#6. SUIES Ay, STEPHE S 5 BAL
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5y min |1 min=60s

5 h  |1h =60 min=3600 s

A d [1d=24 h=86400s

i 3 °  |1°=(n/180) rad

53  [1=(1/60)°=(/10800) rad

o 7 117=(1/60)'=(11/648000) rad
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1u=1 Da

1ua=1.495 978 706 91(6)x10"'m
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