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The excavation of large-scale underground facilities, such as geological disposal of high-level radioactive
waste, creates an excavation damaged zone (EDZ) with cracks around the tunnel. In the EDZ, oxygen invades
the bedrock through unsaturated cracks and affects environmental conditions for nuclide migration. When a
tunnel is excavated in a geological formation containing a high concentration of dissolved CH4, such as the
Neogene marine sediments, degassed CH4 prevents oxygen intrusion. However, it may be promoted through
gas-phase diffusion through desaturation. The purpose of this study is to illustrate the method of estimating
the spatial distribution of desaturation associated with the construction and operation of underground
facilities in a stratum that contains a large amount of dissolved CHa. A sequential excavation analysis that
reflected the actual process of 10-year excavation of the Horonobe Underground Research Laboratory (URL)
was carried out along with gas-water two-phase flow analysis. The analysis results of the amount of
groundwater and gas discharged from the URL were about 100 to 300 m* d”! and 250 to 350 m® d’!,
respectively, as of January 2017. These results showed values close to the observations (100 m*> d! and 300
m? d!, respectively). The analysis results of the saturation distribution were relatively high around the 250
m gallery and relatively low around the 350 m gallery, confirming that they are consistent with the in-situ
observations. Although there were still technical issues of analysis regarding the conditions for groundwater
drainage from the tunnel wall and the method of handling grout effects, the numerical calculation was
generally appropriate. Although the results of the saturation distribution associated with the excavation were

insufficient as the quantitative evaluation, they were almost correct from a qualitative point of view.
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1. 1L HIZ
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T, REFfEikic BT 2 ZAIERZ N L TRE SN D 2 &L BEEMAITIC L D REN T 19,

ZDEDIT, CHaR COy 78 EDEAFH A Ze i@l FE CTH T HUBICYLEDEHI S h 2 56, YUEE
AR~ OIEFEORANIIBA A LT CHy OHGE~MD D AU KV il SN s oo, Bl Ao
EITIC L VIR ABMET L2567 EiE, AMEfERIcs g 2 5MIERE N L TR ORA
PEES D ATREMENE 2 DD, 207z, JUAEMANIAE O REFfEiko =k T oAz oV T
AFEH A & BB UM FEEZ B8R L TR < 2N E LV, SRR o REfEKIL, EDZ 0%
KMEICRERFEL TR SND Z &0, RiEEZxR e LT W EUERHRE D0k L8 %
KR E LIZET MEBEFRE D202 K 0 RENTHDH 00, ZNED 7 —ATIHIEFEHT AD



JAEA-Research 2022-003

WELZEELTELT, REFEIROILEIZ EDZ BLIIZR 55, 67 A %58 LIt
Bl DT, CO I L Db CICEIRNENLTEY, WD L O 72l R Iz B Tt
HAEDIZFEAEEEDD CHy BREBE STV, SUERRHIRTO M F/KNEF A A Tfn LT
WDHIEE, AEFNGEIRIE X 0 IRHIPH O KER T 0 BN K SEIE T D EdZ IS F TIRA 5 A fEME
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AT, #IFKICZEOET CHy N8 N2 REICHIT D H Miaak Otk « It 5 R
FIRIREIR D IR TN HEE T D FEEGI R T 2 62 BE LT, BEREMNIEE Y % —D
T R DR BHAA ) B 10 4ERE] 2 R U 7= AU AR AT &2 9250 L 7-, AT T, YLEdREI o3
TR % RO U 7= R BRH AT 217\, R AR 2 & O Tk KO A B EO R b & 5 5A
L, ZNoaBHfE L k4 52 & T, BEFHEOZSMAREE LTz, S HIT, NEaffEko =
RICH3 A0 OFRMTHRE R 2 JRALIE T 36 1T 2 faFnEE O BLNE &t d 5 2 & T, BT R o 2 2 M4 i
FEL 7=,
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2.1 BT ML - fRHTEEIOFRE

TR OEEFRIZ LV, EdZ 23 130-860 m (2K A TV D AIRENEDS, JEILAR—V 7 i 6ED
NI T KIEDORGEISE DI HHE SN TS B, ZoZ Lh, HTisIFEOE m
D5 omEEk (LLF, kS &vv9) BIOMEE S 1281 29SSBS LOBERGH 2R ET ST
DO km WU O X0 IRFEFHOHE (LT, fk L & 9) 257 b - fiffraik & L7z (Fig. 1),
FEIR L 1%, Fig. 1 {9 K 9 km, FAAEAT 6 km D RARBRICPH £ U 7- 6880 & U, JE i 130 5—2,000
m ZERE LT, MRHTOBRCIE, Bl RS ATREA IS IGH R EAT 215 L, fEIR S OFRIGIE % MR
LR HREIR L LIk S 25 a T 2T VAR M L, mifEkz [FRHZ AT L7z,

(a)  141°40E 141°45'E 141°50'E 141°55'E (b) 141°49€ 141°51E 141°53'E 141°55'
‘ ‘ 1 - = ace e g e :
oror -
Horonobe underground research laboratory w 45°5N
- e
i e e (b= ™ -45°5N
Iy I
| [ 45°4'N
I | I
I I
I I
______ AN J
- Model L 45°3N
R - bt = = = 5 Fas0N
\
Japan Sea
‘ 45°2N
0 5

10
) Kilometers

D Alluvium D Peat layer D Sarabetsu Fm. D Yuchi Fm. D Koetoi Fm. D ‘Wakkanai Fm. D Masuporo Fm. D Soya Fm.

Fig. 1 Location map of the models L and S
(a) Wide area map and (b) magnified map of (a), geological map is from Sakai and Matsuoka (2015)*%
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TEI S B L O L ICBWTHE L7 =R nEIRA v 2D O b, ZAFRn /A 5E % v
SRR A v v 2 pBIORTZ Fig. 2 \RT, SEBLITA v 2 MEZK 200 m & L, fEES
WCEDSICHENTHRAICA vy afl@a/ha< L, ERS TEN4mDoA vy afif@e Lz, 8
WL iZoWTi, M ENrHLDOR—D 7T 5 HDB-1,3,4,5,6,7,8,9,10, 11 23, 1 DDA v
22 DL EAD T ERBRNE DI Ay a2z nEIL (Fig 2a), fHIK S22V TIE, 350 m
FEITEDOIRNEBLTETND Z EM05 L 512 (Fig.2b), 3 ADONHL RN, #RN0,
PEAZHT) 70 5 ONCH P sk O FHAYTE (140m, 250m, 350m) DOFIRAEILTE DL TN
KAy vakzipElLTnD,

ZWRITEEN A v v 2 O SIX & Fig. 3 (2R, HEORREIE, EEHEREO 50m £ v =28
EHIBIC SN TFREL L 7= (Fig.3a), Fig.3b (2, HuUE722 5 ONTWIEOEI Y 24 TE2RT, AT T
I, BEEOXEEARIC X5 ET b PNTiey, Bl AR & L CERE, FRiE, HENE,
BRI A B L, HIRELIRE B SR E LT RN Lz, Ak, HE XSy &KX E 1 %
1 ZxHET 5 6 O T2V, IRIEHIEIC BV CITHVE X5y & KERRHEIC RV S 5 2 & 72
EG, ZNOHRRE—ICHEDbNTERZ 2, LML, KENT XA —XOZEM A & REIAHEIMED
RondZEnb, BRKREROMBEICRERFIESCR VL 52 72T VOBENRL LN TE
02D 2D, KELST A —2 OZEMIAT DT T MMUITHR U AR -SSR I L 25TV
b7 ERRA DN TE T, R TIE, BEEOHFFEFF DIy, HUE XS5y & KBLX 55 % [ — &
LT, HENBIZOWTIE, #2774 VT 4427 v 27 A (Ductility index?”) OfED 2 % JLHE
& LTI L REBIC 0T T2, KRB EiEE & LT, KihWEE25E L7, 72720, HTFh
JETRIE SN TV DHMTE R & O/ EFGHIEIZIBE L TV, BED A v ¥ =253
312,673 (3,257 ¥ 1/ x 96 J&, #&1-[MHHE 1,237,824) THVH, ZDHH, FEEK L IZITK 6 /7,
FEIR S ITITKI 25 HD A v a NG EnD,

(@) (b)
5F 500 F
; Modeled area L L -+ Modeled area S
4 F 400
23 F /' HDB3 I HDB-10, ', 0 300 F
9 Bews Eoene : g 3
£ : HDB-4. s F.
22t ' A 200 F
A nog:7 1 (0) ﬂuéa_: FHoRs A
1 ebtes| R anes -
L APE T Hos
HOB-11
0 0 Py SE Bgcosoe
. i ; . T ; & ) O LECERUEEENEOEeeNEERaoDET
0 1 2 3 4 5 6 7 8 9 0 100 200 300 400 500

Distance (km) Distance (m)

Fig. 2 Mesh of the model (a) L and (b) S
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(b)

Elevation (m)

‘Wakkanai Fm. (deeper part)

—0 20 40 60 80 100 120 140 160 180

Fig. 3 Three-dimensional model of (a) topography and (b) geological formations and fault
3. HUFAK & A% B RE LTz =IRoc AR AT

2 EECHEE Lo KHEMEREE T T L2 AWV T, HRKR D ONCH FAKFOREN A2 EBRE LT
SRITTEIR ABYRARNT 2 S L7, YUERHI 0 3 TR & SR U 72 B IRERAT 21TV, SUE R
ti7p & ONTHREIEE O T gk 7> D O K & H A B HBEOREBZEL 23R Li-, ZOBIIE, &
ZIBH B DOMHTHERICKR E RIEE 2/ T 5HRELESL 7 70 MIBET 2K ANT X —& 224t
ST 5 r— A% FEM LT,

3.1 MRk

THVE TITAMIR Z 54 & U T IRk D =T fafn AR BRI B AT 73, KA R AT &
D BA%E SN A IRESEVEMNT = — K EQUIV_FLO % AV CHENE S 71T & 7228 2930323939 1 i sE
DEERHL TR D FEIRYEAFHT AT D CHa R CO, BB E TR T2, AAFFETIE, FER
AT T A DRSO A % BET D7, BAEMNT = — FIZiZ TMVOCH O FIFHE K CTd %
TMVOC-MP*®% H\ 7=, TMVOC (X TOUGH2V2.0 % FLIZBA% S, K, A, HEREEHILEY
DIFFR - 2Ry « ZHHREW D T E WA 2 — R Th b, FHNTORB - IL8IC
ROMERATIENT T, BSHMOERBRMIIZDMEBITRER SN TN D, HARFIZD
WL, BB, EHR, “MLRFE, AX v, =HL, =F LY, TRF LY, RN LEEBGRINA
BETH D,

(1) B AFER
TMVOC-MP Tl¥, Eq. | \&RT =R F— « HERGFHELEfHEL 3,

%L%MKmQ=jﬁF“ndm+Jﬂq”wQ (Eq. 1)
VoI, FENTREIRN O TEIRTH Y, Tk, VOMERETH D, MEE, NIZEEND57kD

BN AFEL -0 OBEEFIIZ R L —THY, FIUE, Rk DEEF IO 7T v 7 A TH D,
qlE, KDY 7 FTRY —ATH Y, nid, WERAD,OER~Z FL (FEBENAINE) ThH
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%, HET [0, WEEZE%T S, H5M (BAHEITEMH) POsIkDEEM T Eq.2 T
Hzbhsd,

M* = ¢ ¥pSpppXp (Eq.2)
oI, ZEERTHY, Spik, PHOBMMETH D, ppld, PHOEETHY, XFi, BHADESI KD

ENGETH D, RFHETIE, WEEEEE LRV, U, oD 1 2L LTHESR (k=
NK+1), ZOZFLF—MN+ T Eq.3 THX LD,

MNK+1 = (1 - ¢)prockcrockT + ¢ Zﬁ Sﬁ‘pﬁuﬁ (Eq- 3)
ProcklFs EADEETHY, Could, HADHETHY, TIE, HETHY, ugld, BHDLLANH

TRNLFX—TH 5D, NKIL, BAEBRS Tk DBETH D, kD7 7 v 7 A%, BT 7 v 7 A
F¥ gy ETEER 7 T > 7 AF | ygDFI TR END (Eq. 4),

F = F )y + F"aigr (Eq. 4)
BT 7 v 7 AF | gl&, SMHOT7 T v 7 20FE LTROHND (Bg.5),
F¥lav = Xp X5Fp (Eq. 5)

FHDOT7 T v 7 AL, SHRICIEE L2V —Hick sk b5 (Bq.6).
_ krgpp

ki, f’r%iﬂ;%L%f‘&)U krﬁi ﬂ*ﬁ@*ﬁiﬂ% %3-(%@ uﬁi mao)*aywwm Psid,

4 = Xp —¢T0TﬁPﬁDEVX[;€ (Eq. 7)
ToTpld, JEHHE (tortuosity) TH YV, DFix, BHICKT 2Tk DILHIRTH 5, —MICIEHIE

iF'ﬁ[ﬁﬂ'ﬂ‘%a_&%ﬁ‘E@ﬁ@%D% THAF L, AWFFETIE, AU A SR & U7 BEE O KR AR 61
A2 iy, i & Eq. 8 D & 91T LT,

ToTg = ¢1/35;0/3 (Eq. 8)

ARWFFETIE, CHy DKM EXACB T DILBIREZZNEFN 5310 m?s & 1x10°m?>s ' & L
72 D82 BRA DR /1P, Eq.9 THAHILD,

PiZ, V77 Ly AL/ (BFIL, KM OIENTHY, Pgld, BEL)) (P <0) THD,
BT Ty A%, EHEEHREOfE LT, Eq 10 THZ 615,

NS = —KVT + ¥ pheFp (Eq. 10)

Kix, BMoHETHY, hgld, pHDLT 2L E—TH 5,
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(2) Bfefiis
FAGy 72153 % LT, Bk oo SR ez BiEd L L CTi#L 72 (Bq. 11-Eq. 15),

an mM*dv, =V, Mf (Eq. 11)
J.Fn F*-ndl, = Ym ApmFum (Eq. 12)

MKIE, SEIRVZDT > TR LTEEM TH Y, Fop b, fEIKY, &V, OB R EE 7 A A, &l
U7 o v 7 A Tho (Fig4), #y—R_ (Eq.6) ZEERILT 5L Eq 13D X927k 5,

— _ krppgp Pgn—Ppm _
Fﬁ,nm - knm[ g ]nm[ Dnm pﬁ,nmgnm] (Eq' 13)

wrnmiE, 7V vy F7rvyZntmOERICEB T ERT, DyylE, 7V vy R7uavyrZnkm
DEiIRHEEETH Y, Dyp =Dy + Dy TH D, g 1F, mdBniZ[AA 9 7 H O EIJIME RS T
H5,

Eq. 1 (2 Eq. 11 & Eq. 12 Z{CAT 5 &, BT D 1 BEOEKY HREXE525 (BEq. 14),

aMy

1
i = V_an Aangm + qgm (Eq. 14)

Eq. 13 O4LBEFH LW AT » 7t =t + At CTRHliT 2 2 & C, #HEOBEREEZ M ES
7o Gealafifis) . Eq. 14 ZRFEIICE U CHERUL T 5 &, Eq. 15 OIFFEREBITRAR G LN D,

n

RY™ = MET = MY — 2 (S A FRT 4 gl ) = 0 (Eq. 15)

ZORITZV v RT7 vy VBRI kDBGTETEON, 7V vy Ry 7 ofEH 35 &,
BT HXxL HOIEREREFEXNEOND, ZoXoiIcLTELNEREFELLE,
Newton/Raphson 752 K 2V IK UEFHEIZ X 0 BAERIIZ RN,
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(b)

Fig. 4 Schematic illustration of discretization in the integral finite difference method,
(a) average flux F,, through the boundary A, between elements V, and V,, and (b) distance D, and D,,

between nodes n and m

(3) A DS L R
TMVOC-MP TIiE, I ARG OKRA~DOERE, K[AH~DUWEHE & W o TR O E AT 2 B0 )
IZENAFETH D 3, KI~DH ADIEMEFEIX Bq. 16 D Henry HIZ XV FHlE &5,

PX = XEP, = XEKS (Eq. 16)

PEIE, BAKDHIETHY, P, KMORETHY, XKL, SHTORIDELHETHY,
Xex, KMEPOEGDENGZRTHY, KL, Boxd Henry EETH D,

3.2 KEENRT A —%

HE XSy KBS T A —ZEOREIL, AHUEZ 5 & U7 BEE O FKGRE R 6] 2 27- 39
S04y, Fig. 3b IZ/R L7z ZIRIEHEIA v ¥ 2 OFHEER L OWEIZEI Y 24T/ (Table 1), F
W T E R DO ZNENDFEKBEIZHOW L, I ENLSOR—Y » 7REICLVEL R
RO ARICEIE A -2, Fig. S I EN S OR—U » ZFREIZ L 0 G D - TR & &
IRAERS 42 430, 44, 49). 46). 4. 48). W) D IR 2 7R T, FIALE 2B de K 5 7o — 0> mnads KM o X ] O BRI RS
R bR < EARBREDK 13107 m s LR ORI CIE, HATRERENT, BARKIZ L 5358 1x107°
m! AZRTZEND, AFETIE, 2ToMBEEIOWEICK T 5 ITEEEE 1x10°m! & L
72. TMVOC-MP TiE, 1x10° m™! OHATEREICH Y T 28 AEME L LT, 1x10°Pa! Z W
77
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Table 1 Hydraulic parameters of the hydrogeological model

Hydraulic conductivity ~ Specific storage

N _ Porosit
(ms) (m™) Y
Shallower part than _ _
Samboter Frn 1.0x10° ¥ 1.0x10°  045%
Yuchi Fm. 9.4 %107 1.0x 107 0.45
Koetoi Fm. 6.5x107° 7 1.0x 107 0.50 *
Wakkanai Fm. 9.1x10°8 1.0x10° 040
(Shallower part) ' ' ’
Wakkanai Fm. 9 s 38)
(Deeper part) 2.8 x10 1.0 x 10 0.40
Masuporo Fm. 50x10"" ¥ 1.0x 107 0.10 >
Deeper part than _ _
Maiupgro . 5.0x 10712 % 1.0x10° 010
Omagari fault 1.0x107 " 1.0x 107 030>
100 I I I I I I I I I
107 g) o B e Yuchi Formation
4 _| ° L ®  Yuchi and Koetoi formations
“ 107 %.% & Qge ° e Koetoi Formation
é 106 — ? . @0 .- — 2 Koetoi and Wakkanai formations
) " Ooee o:Q) L4 ° o Wakkanai Formation
%0 107 °® B e Fault damaged zone
% 10719+ C)o. ) I~
2 107 20 e -
g R .
2 104 o L
75 o
10710 ° o -
107184 * o -
1070 T T T T T T T 1
10712 10710 108 10°¢ 1074 102

Hydraulic conductivity (m s™)

Fig. 5 Relation between hydraulic conductivity and specific storage from the surface-based investigation

FIHR B R & S ARFNE O BEFRIE Verma £ 5 /L 9% 5 T Corey £ 7 /L D2 % /=, Eq.
17 & Eq. 18 IZ Verma &7 /VIZH51T H/KFH & AH OFEXHR Z 2 & fafnfE O fR &2 T EivrnT,

5i=5ir)3
ke = (Sls Slr) (Eq. 17)

g = A+ B(22) 4 ¢ (22’ (Eq. 18)

ko &lgld, THUENAMEETSMHOMRERTH Y, S, KHELEMETHY, §I0%, FREEM
FEThY, SiE, RKafETHY, AL B, CIIERTH D, Corey T7T /MZEIT DKM EXHH
DOAIxHRIBE R L I OBIfR %, Eq. 19 & Eq. 20 IZZ LT,
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4
S1=Sir
kg = (—1—§1r—lsgr) (Eq. 19)

2 2
— _ S$1=Sir _ S1—Sir
ferg = (1 1—51r—sgr) [1 (l_slr_sgr) ] (Eq. 20)

Seeld, FREKHABIFIE TH S,
FBETES) & KIRASTE & OREFRIZIE, Eq. 21 (2777 van Genuchten €7 /L 9% 2,

s—su\ /2 o
_ 17 2Ir
Pp = =Py [(_Sls—slr) — 1] (Eq. 21)

Popld, BEENTHY, Pold, KAHPZERICADTCOICLERR/NENTHY, UL, AT
A—=HThD, RUFFETIE, ARHILZ XS E UBEAE KR AT E 1719202 i,
—1%x107 < P,, <0 (Pa) & L7z,

FASHRERIZOWTIE, T AOBHEMIKRE REEL 522000, @RI A —F &k
ET DO DOMFFEFBIROINTND Z 0D, KB TIE, T A—F 2B HNREREE
3IEYRE LR (Table 2), /XT A —X %2 B OMHZEFMAR (Eq. 19 BL O Eq. 20) %
Fig. 6 |\Z7~k9°, Verma#l [Z81F DEXE/NT A — X%, HDB-8 LD X[t 2 O/ K BEFER R O #1 R /K
EHADTENLELNZHDOTHY 3, Verma#2 & Corey 1L, TN ZH Verma#l & LL#E L CTH
A DIZBNENE VR E ARV EIC e D, BEFES & BFEOBFR (Eq.21) (IZ2WTIE, [UARIZ
2 (2007) SNTHEVNVNT A —H iR E LTz (Fig. 7).

Table 2 Parameters for relative permeability models

Model name  Reference model Parameter settings
Verma# 1 Verma model*” Sr=03,8,=10,A=1.0,B=-15,C=0.5
Vermat2 Verma model*” Sik=06,S,=10,A=1.0,B=-15,C=0.5
Corey Corey model*" Sir=0.3,S,=0.01
(a) (b)
1.0 L | L | L | L | L 1.0 I | L | L | L | L
= Verma#l —— i = ] i
= 087 Verma#2 —— - = 0.8 7 -
v 9 | ) | |
23 Corey — 28
2 E 0.6 - S E 06— -
52 i a2 i
= 2 04 - 8204 -
< i L < L
© © Verma#l ——
0.2 B 02 7 Verma#2 —— ~
b r Corey E— r
00 | T | T I T | T 00 T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Water saturation Water saturation

Fig. 6 Relative permeabilities for (a) water and (b) gas phases
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107 1 | 1 | 1 | 1 | 1

10¢

10°

| Capillary pressure | (Pa)

10*

T T T T T T T T
0.2 0.4 0.6 0.8 1.0
Water saturation

o
o

Fig. 7 Capillary pressure against to water saturation

3.3 BRFMORE

MR RS A RS EE L L, 7 ES X T VIRESENIAEKER & L,
IR E D D OFENHEREICOWT, KBS L RO KBRS T 7 L % W7z MU N KR Eh E &
FENTOFER D, M ENSOR—Y U FHEIC KL VLN KENAE RS B < FHATFE/E &
LC1B3mmy ' BHESINTEY ¥, AFETIEIZOMEZRA Lz, HIBAE, AHko g
AE SN, RE100m (I2o& 3 CHENT 252 &L L, MERDOEEIZONTHRBEIC 15 C
& L7,

3.4 HiTFER OHHEIOET L

R iR DR O T /AL TTIE, Fig. 8 1R T X918, FEEEOMWHI TFEZ fRE72 R Y EfEIZK
BeL7=, f#MTClX, ZOTRRICHEY, 50 HEICHRAIKE T LI2ENCY T 2 A v v 2 OJF
NERLDEICHEET D & & BITEKAMBFIE Z 100%ICEE L, ZHEIBXRITZRH 2 & Tl Fiigk o
R AR LTz, T UL LT EHLERR OB 2 Fig. 9 ([Z~d, EEOYLEREREIZIZ= 2 U — b
TA=UTREAY NRMEOZEEENH Y, TOWEIZHAMEINEEBE SN TND, 20Dk
W, HUEREME DO QPO E TS VIREBIZR TN TND EBZ N Z L0, SUANODIR
FE % 100%IZ[EE LTz, £72, PERORIIC K » T, Bl L REE & OB N KRUESRME %
WIS 72T LR G220, AT, YUBRER AR KRERK S D 2 & 2 UE LT,

_10_
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Process of the excavation model Actual process of the excavation

Ventilation shaft —

350 East shaft —_

West shaft —

140 m gallery —

250 m gallery —

3001 350 m connecting gallery — 350 m east
350 m east loop gallery —_ loop gallery

350 m west loop gallery —_—

250
Ventilation shaft East shaft West shaft
200 1
350 m west
loop gallery
150
T ra
140 m gallery 250 m gallery
100
350 m connecting
- gallery
504 //F
2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

Fig. 8 Process of the excavation
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1 year 2 years 3 years
E 9 -
am—
N
5 years 6 years 7 years Ventilation shaft
East shaft
West shaft
- - -
e >~q 140 m gallery
- - o
e >\ P >\. 250 m gallery
350 m west 350 m east
——— \ loop gallef loop gallery
S — .
350 m connecting
gallery

Fig. 9 Illustration of the process of the excavation model

35 77U FDOEBE
R AE TR Hb i T 2 3 1 ié%i#%@f U ZIREICL Y, BRE 250m LLRICEBKIED
%ma D53AT DI é:mtt&b T B RR O R DOBRITIE, (”“r“ 250 m LARODIEANZ AL 5 K &
YN D 7-dlz, Fhil %Méﬂtmém EDEINEICK L TIEAKRZ 7 b2 L SN
TW5 3900, 779 M TIZ K 5EKEOKBH#HAIX, 7770 MEALZFOLIZHEE1Sm Th
, PAKOLHUCITREmN B 3 m 12722 K O IZakGHEH, NG K OWESZHT CIIRE RN B 4
zﬁéio CEREFS N, BEIZHOWTIE, BIZIEBMKNYIN b D7 7 Y ML T, HRE
255.66~306.02 m 33 L VRS 342.91~374.48 m OFPINLE SN D K HIC&itshTn5g %0, %
7=, 770U METHOENE ZET0EBoOEKEDR, 01 Y4y (1x10%ms™) LLFIZD

INTHE T E AT % 3057,

ROLHUZHETH 7 77 M Laxtg b LImARERIEICL D77 U M Lk OFEKFEED
3R DIRNT & BAKMEDOSCEROFHKIC L D &, 7T T MIE@EKEOENE %2 & T Wi @i o
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\ZIRBL, WIEMOBKREN 4 HHE T2 2 & T, BLEBOBKREN T T 7 M THOJR
MERBAR R AR D ZERMESN TS D, LnLans, EWELe L TEoHE
PICIRAE LB B OF N7 T 0 bR LTOEBAZ RO L7 E ), FAREOEWEIR
HITHMERERMEZ A L TV D 2 e n, BIEMITICH W TIEAKZ T T b 058P0 KR 3K
DK TFEEZET /MET D Z LIS T LHERES TIERW, B2, 2005 55 2009 42T TR
AT SHUVIREE 250 m AR @25 K OB B & & T faikl kb 2 M A B At 7 L 2% H
W PRI T, 77 7 FOREREHAZSUEOEM 10m & L, ZO®EEANOE B OFEKMEE
1 x108~2x10"ms™ ' & L7223, %E 280 m £ COHRHIREAIZIS 1T D H FHERX D> D O N KD
AKREDHI 300~2,000 m* d7' & 720, KREREZRTHERPHBONATWEZ, ZoZ Lk, FhHo
ELAEPE DS B OVHEP JE D 602 F Lo TR 250 m DIEROHENJE TIXZEARIED N T 03 4 #i2L &K
& < 200 Ok FR R & (Representative Elementary Volume: REV®?) 7347 200 m®VCT®H 5 729,
KV IRWYTE L O TIRRFTI RN T Y R OEBRKE L 0D 2 ENERTH S L FIR
INb,

VL EAEEE 2, ARIFETHE, FEBEORGEIEIRESERDLI OO, HE 250m LURIZHIT 58T
END 100 m OFFHAZ K7 T 7 holi LEFHE 325 2 LT, @B /KEERO R 2T
IBIZHIGE LTz, Z OIS E ENDMHT A v = TlE, BAHRED EREAA 1x 108 m s T
EIND, 777 MIHEE 250 m UROHUERHIRNC —EITITR> & &L, RANTTUF
TIWEBB LN &L LT,

3.6 WIS

32 fik L 3.3 Hi TR LI KBS T A —2 0540 LR GMTIRB VDT, HE P s O@ERR % 5 58
U722t CHEE IR AE & Ol FKIRENRIT 2 50 L 7=, % Dk, HiF/KAY CHy THIFIS LT
LEDREDS &, HTKEIDS U CHalRE A 5- 2 7o, FEFROMITIKIZIE, CHy & FIERE
JED CO, BDIRFELTWNDN Y, Henry K 10 fF 572 5 Z L 0UE(E COy DKRERSyAY HCOs™ &
LU CIFEET B 2 LD 63:64.69.66).67.68) g FEARRE /) & Dt A ARF O WEREAT A i o31E, 1 & A Y CHy
TEHOLND O, ZDZ Lnb, REFETIE, HTFKPOBEF CO #BHA L, ZnkHcLT
B OINTKIE « EIE A A A%, MU T sk Ok TR A B RE L 7= =Rt ZAHARAT (235 1 2 R
WRHE L L, AN R VIENMET 35 L, CHaimME BIR T3 5720, BREZEZ 5 CHy 2
WERE - AT AT 52 &1 b,

3.7 fgtror— A

ffMT r—AD—% % Table 3R d, 7TV hEeEBRELRW3 r—A (F—21~3) TlE, <~
MEEMENRRKE L T ABHES~OBENEVIT A —X Th HHxNRERE B ST, FHxHERE
BOHZ2 5L LT Verma#l B LT DEHEKRTr—Z (5—A 1) L L, Verma#2 ZHH L7z
LR T A DR B ENENGE (5 —R 2) & Corey ZHH LT LB A DRBMEDMR A
(r—A3) ZRELE, /77U BB L2 —RA (F—2R4, 7r—RA5) TIIHEMZELRD
5205 L LT Verma#l 5% E L7z, 77— A 51%, HENEERBOBKGREE 2H/ha< L, #HNE
R & RIRREOEICRE LD TH D,

,13,
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Table 3 Settings for analytical cases

Relative permeability

. ti Not
Case no model Grouting ote
1 Verma#1 N.Ot Base case
considered
2 Vermat#2 Not High permeable for gas
considered gnp &
Not
le f(
3 Corey considered Low permeable for gas
4 Verma# 1 Considered
Hydraulic conductivity of the deeper part of
5 Verma#1 Considered the Wakkanai Fm. is the same as that of the

shallower part of the Wakkanai Fm.

4. AL T ABEHEORE

AWFIENZ I T B 5K AN CTIE, BT VORGET —4% & LT, M FE» 5 O FKDE
KEOBRFEREH D, TAOHMEIL, HHRZERICES EELZIT 5720, FAHZERIC
BT 2/3F A—=2 OG22 OZEMITHOWTHGTT 272012, MO DT ADEHET —
AR D ELRE LV, FEREFEEOBLRN DYENEROBBIRES CO, RE OMIZ, RN
HATHD CHyIREOHENFREM SN TRY, JUEBRANE/MIN TS, LNLRNRD,
OO ARERERLCHEL[IAEOEHN LG ONTT —F 2 HWT, HENL DT ABHEL
FERHET L LIIRETHD, 2T, BHFETABPT A LT-BROWERENT 2 D FRps T
&% CHy OHUTFHEF% D> b DIFHED T — Z BFHZ OV TR 5,

4.1 PEFIE

HTFhERR OHLKUE, HALHLE L OWESLHL B HLUENIC KGRV A F 1, RS HYLEN
DZEKMBPEHEND Z LIC > TiThd, 07w, XSyt 0okl 2 #5iE & CHy iR
JEARE B AUE, HFHERR 2 D O CHy B EA BT 2 2 N TE 5, AFETIE, RIS
FERIC X D CHa BB RERE (L—F— A % > mini-G, 7> U VS 2T, Ky

IBITAHER T O CHy I EE OB Z, 2015411 A5 201741 HECEmBL, L—F—2
Z o mini-GIZEVELND CHy RS, IRELHEHOBETHL N 7 LHEL L THRLND, Bl
AIRERIPA Y, 1~50,000 ppm'm TH Y, KEIZE10%TH D, HAEHL, 05~30m THY, B
HIGEFERE, 01 B Th D,

L—H—RA % mini-G I X V5N CHs B 7 AEEZ, WEHBE TR ticky, 20
FREERMIC 31T 2 ) CHaRE & LT, HRRONIHUH NICB T 28R O CHaRE A KD 7=, #KSE
HLH IZ BT D RPEREIC OV T, HEROH N T 2 KT YR BRSYTIE (2381 5 a0 & 51
L, EGRFHEOYERmAEZ T U5 2 & TRDZ, 2016 4E 2 H OHKSIYUR ARETTE IC BT 5

,14,
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OB ST 22 Wi b 7 SO BGEOFAFEE 3.63ms!, 3.72ms!, 3.67ms!, 3.63ms’!, 4.13
ms!, 412ms!, 40lms") OFHHEIZ384ms ! Thotz, ZOVEHENLPHREEZHETD
ERI1L,570mP min ! & 720, MU FEEX OFUEBK OB B G R E O L [F UL 72D 2 LD, #R
SEHLH DIZR T AR EIE, BRI AEL C—EDE 1,570 m* min ! TH D ERE LTz,

4.2 BLAE R
PAKONLHUH M2 B 1T 28X O CHy I EEOBLHIGE R 2 Fig. 10 ORI R T, #RSZHTH A
BIFDHER RO CH B IX, 2015 4 11 A0S 2016 4= 6 A EE TIEHK 200 ppm Zx L, F Dk
AT L, 2017 47 1 AISHK 150 ppm Z 7= L7z EKSEHLH 210 56— H 472 0 ok &I
$23x10°m*d' TH Y, e CHLRE & O S CHy BN EAFHHE T 5 & Fig. 10 @Eiﬂmct
72D, HITHERED B O CHy B &I, 2015 4 11 A5 2016 4= 6 A BT % TIiHH 400~500 m?
dTEEEEN, 0% 2017F 1 AETHAL, H300mPd! &7role,

[08)
(]
(=]
(o)
(=]
(=]

= . - <
8 250 o =500 g
N ] = o 0% ° C —
,5 200 & %de) 8 %?305’ °oo ° o . =400 E
§ E ° ° % o E L‘S
= 150 - o o o ° =300 o
3 ] o ot s
S 02 C 00 &
g 100 E :—200 £
o=l ] = £
O 50 =100 2

5 FU-

0 0

10 I11 I12 I01 I02 I03 I04 I05 I06 I07 I08 I09 I10 I11 I12
2015 2016
Fig. 10 CH4 concentration at the exit of the Ventilation shaft (left axis) and discharge rate of CH4 from the

Horonobe underground research laboratory (right axis)

5. fRMTAE R & B

5.1 MU TR Rk ~D K&
Hit R iR~ OVE K B OfFATHRE R 2 Fig. 11 12”3, MOBHEIE, 2006 49 A 19 H22H D 10 4
M OREIFMZ R L TWD, 50 HZ EIZAONDFEKOEMAZRMEERO Y —71%, 3.4 Tk
RI-BRIBHIRIT OB TH S, 777 heEBE LW —2 (Fig. 11a) Ti, T X H98K
BOREREGIE, TITKRO 3 SO TEL TS  #RSIHIATRER 250 m (272 L 72BN
(2008 4= 10 AtH, 700~800 HEH), 250 m #AGHUEADHEIS B L, HAZHIARER) 250 m (i
L7zWfs (2010 45 4 AEE, 1,300 HE), #a5 - BNZHUN R 250mu/“f\?)ﬁm%ﬁﬁ% L 7= IS
(2011 42 7~10 AtH, 1,800 HEH), F7=, 350 m fAALUE TIFIEHIOEIT & & b ITEHEAKEOHEM
MDROHI, ZFive & HITHRR D NTHIIHIA~ D] mgﬂﬁéﬁé%%ﬂ%Eﬂtoﬁim@@
IKENBHEIC/R D D1E, 2013 41 AtH (2,300 HEE) (VR 250 m fHEISELZREETH Y, £
DEDOIFAKEIL 3 2ONHE BRI U L~V THER L7z, BKEDOEFHIFMEAIIZ 800 m® d7' 125
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L7, £72, 77— A 13 OFEROMITIIREREBEBWVIIR NN Lvn, MHHREROE 2
X, HFKOBHEIIIREIEELZWI ER00 5,

H % > 5 OFE K EOBLIEIL, HKSIHISEEKYEOHENIE S (G 250 m) (2 L7-
REL (700~800 HEH) (2 AT » RITHEIN L, 5 OVEEE 250 m LAZE~DOARHI % B4k L 72 FE A (1,600
H~1,800 HEY) ([ZBWTANA ZARDORE 2EMAR R 5TV D, 2,400 HEIZ R 542 BEHET
12 1,000 m® d! &8 2 HE/KIE, 350 m HUE [BISTERET IS LKER O LB TH 5 ST g )
\CELTERERO LD TH D, TOk, HUTFHiEEN D OFAKEIIR~ 12 L, 3,000 BEIZIE 100
m*d! o TND,

fRbTAE R (Fig. 11a) BB Z ERST 5 &, 1,800 HEE TICHOWTIE, #BEE L TTUIERAN
THHHDOD, FYUESOFEKEOR/TITIR/2 > TWD RN H 5, HAKEOBIRNEIZ RSN
DHANIR AL ZAIROEAIE, B E WIS T 2 RS D LB X BN D0, T Tk
VBT ERE L TWDATZD, ZOXK D RNV ANRAL ZIROZBILZRBLTE TV RN EFE X
biILD, 7z, LR S1WIEIZHOWN TS, RHITET /L TIEBRE L TV RU, MR & BUHIME I,
1,800 HLIRRICTRAEL TRV, ZHUIMTET MZEBNWTIAKZ 7T hOBREZBEL TN
ENERBERELTEZOND,

1EKZ T D N EBRELTfERER (Fig. 11b) 225 &, 1,800 HLREIZIS T 2ERE 250 m LAE
OIEHIEFOFEKEOMBKE KBS N TODONS N5, L LD, {EKEOBINIHEX
TIU NEBRELIZ—A 4 DOFER I BIRVENRSE LTV D, Bl 2I1X, 3,000 H LA O fETHRE
BITK300m* d' LA EEAR LTV AR, EAKEOBIREIZF 100m*d! TH Y, 3 UL EOTREEN
AbD, AR TIIYLERER DS OPKSICE LT, B ar 7 ) —F T4 =0 70k A
¥ NIRA O SR L ORI OB E BB T, LR OSSR KA SN D 2 L EK
LT, FEBRITSRMEEIC X2 HKIC K D RRBAMODOSEMEL Y bHkSNIC< <D 2 &b,
ZOZ ENFEKEOMHTHER L BIIMEIC R E RIERENE L S —KELTEXBND, — /T,
HEN B OB AR 2 /NS SRRE LT —A 5 TiE, 3,000 HLAEOFEKEIE, £ 100m3d! T
HY, BUAEEZIER TEAF LTS,
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(a) 1500 - (b) 1500
. Observation - Observation
T Case 1 T Case 4
| |
“5 :3 Case 2 “S :j Case 5
2 E1o00r Case 3 2 & 1000F
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sz £z
= ) o |
% g 500 [ ‘ % g 500 '
A ks Qg e
v o—eghil L a0 W Ll )
Fadly N WLYERY Py Y
0 - "n.-.l"‘ b 1”]#"1. n "_"--I-——-__.__,__ 0 _ ".=._._:-» )d Jl‘#.’h. Ll | ‘_“"-—IL- ..... ——
0 1000 2000 3000 1000 2000 3000
Elapsed time (d) Elapsed time (d)

Fig. 11 Time variations of groundwater-discharge rate from the HURL,

results of (a) cases not considered grouting and (b) cases considered grouting

5.2 M NHERR~D T A B &

MR hER%~D B A O EOFRNTE R % Fig. 12 (TR T, HAOBHEOMTHERIE, #HTFK
DIFKEOFHTHER (Fig. 11) L [RERIC, TR 250m ([ZEE LK (700~800 HER) AT v
WIZHIN L, FFOVRE 250 m LAE~OHRHI A B4 L7z Kes (1,600 H~1,800 HE) (2B WTKRE
SHMTDRERNE LN, £, HMEEROREICLY, BHEICKEREVR AL,
2015 4F 11 H~2016 4F 5 A OIS T 5 3,500 HATZIZBIT D7 —A 1 & 2, 3 OfFFTiER
%, ENEIR2,500m> d!, 3,000m*d!, K200m*d! ThHo7o (Fig. 12a), 77 U & B
L7 Dr—A4 L5 20y 5L, TRE 250 m OHENEEERICE L7ZIS (700~800 H )
12100 ~ 200m*d ' DENELC TS, ZHUET —R 5 TIIHENE RS OB KRN /NE S RE
SNTWBETZDTHD, T—A4 LT —RA50D21F, HTKOBEKEICARONS AL KT 5 &
INEV, AU, EBOBAKYEOEVT RIS AR O LN Y OB L, ffEILTS E

WELLNWZ DS TH D, 7 — A4 L 503,500 HATZICK T DTS RITEZEh,
350m’d™! & 250m’d! TH o7z (Fig. 12b), — 5T, RRHNCEHII SN A X o T AOH & (8l
BME) 13X, 42 BiCTik~7= XK 9122016 4F 6 A E T 400~500m*d ! THY, /I N EEE
LIRS R L D RRREREIB SN TWD OO0, ZOH%BRAIZHA L, 2017 41 12X
#1300m*d! &72 0, FRATRER LIEWVVERHE LTV D,
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Fig. 12 Time variations of discharge rate of CH4 from the HURL,

results of (a) cases not considered grouting and (b) cases considered grouting

5.1 Hi TR A7 FAKDIFEAKBEORMHE RIS, KVEURETAVRELZS 7V ME2BE LT
=24 L SOFMTHDEBEZOND, BIZIE, SUEEER DD OHPEKSEM & U TRk & R AE
& DA OFEZZE L, JUBRERIZI T DM EORKIEKERE /NS T 5 EDTHRN
MHETHDHEEZEZOLND, XRIBERDO G5 2 HFIZHOWTIE, HFKOBEKEICHLTr—2 1~3

DFREFICKREREDROENRN—FHT, TAOBHEIZOWTE, F—A3DOHTRZELIZ W
IEToH D Corey ZERH LICFERITHONT/NIWEE o TND T &b, AT —ATHD
Verma#l & L < EH A ZH LT VEKE TH D Vermai2 D) ThH EE X LD,

5.3 HUEHRANZPE S fafnEsrAm DAL

HUERAIOBIAE D 14, 34, 10 RGN RIZI 1T D KE & KRR O =koendi %, 7
— A 1~ —A 522\ Fig. 13~Fig. 17 ICENZEIrT, £, WG E WENLHLZ 8 5 i X
IZDW\WTC, Fig. 18 & Fig. 19127 — A 1 OfER %, Fig. 20 & Fig. 21 127 — A 2 OfER %, Fig. 22
& Fig. 23 (27— A 3 OfER %, Fig.24 & Fig. 25127 — A 4 OFER %, Fig. 26 & Fig. 27 (27— A
5 OFREZNEIRT, HTEKDFEKENL L, TAOHBHENREKHZ N —X 1 Lr—2
2 T, ﬁﬁ@&%@%ﬁ@&@%@ﬁﬁ%’%wf%m@ﬁﬁwﬁM%ﬁ®fﬁ@ﬁﬁ%T%
LHZENGND, —HT, HAZBLILKWRETHDL 7 — A3 T, RO TAOBEHENES
NTWDHN, wm@ﬁﬁi m@ﬁﬁ%®ﬁﬁ%¢ﬂTm RN OB R\ TR E O E
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ETIE, 2013 4F 9 A5 2014 4 8 HIZHT T PEELKE HLIE BE [ 00 %5 A 2% 1 O S i FE 23 FEHRETHI &
FEICE VRS, KABFIEIX 0~0.6 TH-o72 79, F—R 4 72137 — A 5 OKFAEFIE S5 A
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HLBEIZBT D RAEEEN K b EWERAG LN TEY, BHFER L —BLEHAASE LT
%o RAFHEFIE OMEHEIC OV CIE, BUANME & bele U CRRIT#E R0 07 08/ SV ME Z RIS &
%o FRNT CIXYTERER OWIE 2 100%Z[EE L2729, faFENMET Lic< W3, 250m FHAYHE
BLO350m AEILEICB WO TE O BUIMEIL, FRITICRA ' A > R 2D RO 2R b &
DRIRDOFREZ FERIZIY Br< 2 L BREEZRRRICB W CEHIISNTZETH 572, DX oI
L TR BN BTSSR & I U CRVMEZ R LT W RREENR B 2 b b, EITHRE R &
JEAL & OBLHNIE & OO EN %2 #iw T 5 72 0121E, REMNT 28 L2 FIEOE T 57505
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DD, HUEMHNZEE S R E S ON T, EERMZFHMIOBA CIERERNE I NI OO, &
PER) 2 BLR CIII R S T R G o L B2 b D,
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Water pressure Gas saturation

W-Shaft

L]

W-Shaft: West Shaft, V-Shaft: Ventilation Shaft, E-Shaft: East Shaft

Fig. 13 Time variations of water pressure and gas saturation along with excavation for case 1
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Water pressure Gas saturation

-Sha

W-Shaft: West Shaft, V-Shaft: Ventilation Shaft, E-Shaft: East Shaft

Fig. 14 Time variations of water pressure and gas saturation along with excavation for case 2
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Water pressure Gas saturation

W-Shaft: West Shaft, V-Shaft: Ventilation Shaft, E-Shaft: East Shaft

Fig. 15 Time variations of water pressure and gas saturation along with excavation for case 3
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Water pressure Gas saturation

W-Shaft: West Shaft, V-Shaft: Ventilation Shaft, E-Shaft: East Shaft

Fig. 16 Time variations of water pressure and gas saturation along with excavation for case 4
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Water pressure Gas saturation

W-Shaft
e

W-Shaft: West Shaft, V-Shaft: Ventilation Shaft, E-Shaft: East Shaft

Fig. 17 Time variations of water pressure and gas saturation along with excavation for case 5
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| |pressure | |, BGas saturation

|

|| pressure | ‘ o as saturation

pressure L, WGas saturation | |

W-Shaft: West Shaft, E-Shaft: East Shaft, Kt: Koetoi Formation
Wk (Upper): Shallower part of the Wakkanai Formation
Wk (Lower): Deeper part of the Wakkanai Formation

Fig. 18 Time variations of water pressure and gas saturation along with excavation for case 1

Vertical cross section along the line between the West shaft and the East shaft for 1-4 years
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W-Shaft: West Shaft, E-Shaft: East Shaft, Kt: Koetoi Formation
Wk (Upper): Shallower part of the Wakkanai Formation
Wk (Lower): Deeper part of the Wakkanai Formation

Fig. 19 Time variations of water pressure and gas saturation along with excavation for case 1

Vertical cross section along the line between the West shaft and the East shaft for 5-10 years
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| |pressure

Water
| pressure

Water
pressure

W-Shaft: West Shaft, E-Shaft: East Shaft, Kt: Koetoi Formation
Wk (Upper): Shallower part of the Wakkanai Formation
Wk (Lower): Deeper part of the Wakkanai Formation

Fig. 20 Time variations of water pressure and gas saturation along with excavation for case 2

Vertical cross section along the line between the West shaft and the East shaft for 1-4 years

_27_



JAEA-Research 2022-003

W-Shaft: West Shaft, E-Shaft: East Shaft, Kt: Koetoi Formation
Wk (Upper): Shallower part of the Wakkanai Formation
Wk (Lower): Deeper part of the Wakkanai Formation

Fig. 21 Time variations of water pressure and gas saturation along with excavation for case 2

Vertical cross section along the line between the West shaft and the East shaft for 5-10 years
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Gas saturation

Water
|| pressure|

pesre
pressure | ] - Gas saturation I

W-Shaft: West Shaft, E-Shaft: East Shaft, Kt: Koetoi Formation
Wk (Upper): Shallower part of the Wakkanai Formation
Wk (Lower): Deeper part of the Wakkanai Formation

Fig. 22 Time variations of water pressure and gas saturation along with excavation for case 3

Vertical cross section along the line between the West shaft and the East shaft for 1-4 years
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” Gas saturation

| Water
pressure

W-Shaft: West Shaft, E-Shaft: East Shaft, Kt: Koetoi Formation
Wk (Upper): Shallower part of the Wakkanai Formation
Wk (Lower): Deeper part of the Wakkanai Formation

Fig. 23 Time variations of water pressure and gas saturation along with excavation for case 3

Vertical cross section along the line between the West shaft and the East shaft for 5-10 years
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W-Shaft: West Shaft, E-Shaft: East Shaft, Kt: Koetoi Formation
Wk (Upper): Shallower part of the Wakkanai Formation
Wk (Lower): Deeper part of the Wakkanai Formation

Fig. 24 Time variations of water pressure and gas saturation along with excavation for case 4

Vertical cross section along the line between the West shaft and the East shaft for 1-4 years
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Gas saturation

Gas saturation

N Water
pressure

W-Shaft: West Shaft, E-Shaft: East Shaft, Kt: Koetoi Formation
Wk (Upper): Shallower part of the Wakkanai Formation
Wk (Lower): Deeper part of the Wakkanai Formation

Fig. 25 Time variations of water pressure and gas saturation along with excavation for case 4

Vertical cross section along the line between the West shaft and the East shaft for 5-10 years
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W-Shaft: West Shaft, E-Shaft: East Shaft, Kt: Koetoi Formation
Wk (Upper): Shallower part of the Wakkanai Formation
Wk (Lower): Deeper part of the Wakkanai Formation

Fig. 26 Time variations of water pressure and gas saturation along with excavation for case 5

Vertical cross section along the line between the West shaft and the East shaft for 1-4 years
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A
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W-Shaft: West Shaft, E-Shaft: East Shaft, Kt: Koetoi Formation
Wk (Upper): Shallower part of the Wakkanai Formation
Wk (Lower): Deeper part of the Wakkanai Formation

Fig. 27 Time variations of water pressure and gas saturation along with excavation for case 5

Vertical cross section along the line between the West shaft and the East shaft for 5-10 years
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