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Groundwater flow analysis is used to evaluate groundwater travel times and pathways over several kilometers to several tens of
kilometers, covering the entire groundwater recharge and discharge areas, during preliminary investigations for a potential repository
for high-level radioactive waste. A rock's hydraulic effective porosity (kinematic porosity) is a sensitive parameter while analytically
determining the travel time of groundwater in the fractured rock. However, the concept of kinematic porosity in fractured sedimentary
rock is unclear. For example, the permeability of fractures obtained from in-situ hydraulic packer tests in borehole investigations is
treated as the permeability of the rock, while the porosity of the intact rock obtained from other tests is treated as the kinematic porosity.
In this study, we examined the method to estimate the kinematic porosity of fractured sedimentary rock by comparing the travel time
using the kinematic porosity estimated based on the fracture aperture and intact rock’s porosity with the observation results, using the
Koetoi Formation and Wakkanai Formation (shallower part), which are sedimentary rocks with fracture development in low-
permeability rock matrix, as an example. The travel time was consistent with the observations when the kinematic porosity was
estimated based on the fracture aperture; the kinematic porosity was one to three orders of magnitude smaller than the porosity in the
intact rock. In the case of sedimentary rocks with a water-conducting-fracture network in low-permeability rock matrix, it was shown

that estimating the kinematic porosity based on the fracture aperture width is effective.
Keywords: Groundwater-flow analysis, Kinematic porosity, Sedimentary rock, Fractured mudstone
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15 LV BUR PEBEZEY) DO I AL 53 23T, A5y 00 B
FHEMNOMEBREZIC IR SN2 L EMEL RIFT 5729
RO BN D EED—2IZ, BKAENS /DS W E A
DFKMEDPMRNN T & 1T K DS PEE ORAT & 1l 9~ 2 4%
&7 M PRI O KBRS Ch D Z EBNRITF LN B[1]. L%y
OB ISV DMEE CIE, HNKOTEEI S
ik E TEUET 58 km~E+ km O ERSE L
7o MR AKREMENTIC L 0, T AKOPGESCEIKR A, BT
BRRA - REEAVEHI SN B [2]. MU AW B, R—
VT ¥ OB RIS E S W KBRS TN
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MRS, BT NVOZLMHEIIR— D > 7 FAEIC L5 RALE
TOBMFERE DI LV EHIND. #lziE, A=
—T DT F VAT NI RIS DS OFR AT T,
I 11 km x 15 km OFEIEE R L L THRS 2km ETOET
JURRMT IR FEME S LTV B3], BFFEBRFICI VT, AV =
—7 ¥ O ZFR G B B T VAT (] 10
km x 10 km x 3 km, [4]) CHEH#EE O FOFFERT O
A MREO—EE L THEMINZHmY A ZVEIRRIC
B DT U (#7100 km x 80 km x 1 km, [5]), &
VO I 70n & B U =B IS T TOETIVIRNT (9
130km x 110 km x 10km, [6]), FHRAWROERRIE S 6 L1l
(2T TOWRFEOET VST (K9 40 km x 40 km x 6 km,
[7]) 75 & DR T /KRBT 23 i S TV D,
ATV THIET 2 M T KRENC %7 53 5 KBRS
BREBREIL, BROKET DHEMHPOH T KOBATRH
ZMRATENT KD 2 L TREDORWEER/ T A—ZTHY
[e.g., 8, 9], kinematic porosity <° transport porosity, mobile
porosity, flow porosity 72 & & FEFR S 41D [e.g., 10, 11]. BARE,
ARG TIX T AE BIZE 2RI % (kinematic porosity) & &7,
AR R AR BIT 5 b L—H— R 7R & DAL
BRI OFE R IRHTN RO D Z R — N TH 5
Mle.g., 12,13], RIS FRGRBIENTIZ 31T 2 R Qg DR
FEFRIKFE (Representative Elementary Volume: REV[14]) %
HET 5 &9 ARV CRAMERBRZ Eii 5 2 L1
WEETHY, MEBIIRON WD, ARRHRELRD S
FIRT ERRRALERBEOMIZ, R—V VAR
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Fig.1

(a) Location map of the Horonobe town, (b) surface geological map around the Horonobe town, and (c) modeling area.

Surface geological map is based on Sakai and Matsuoka (2015)[41]. The elevation topographic map (c) is from the

Geographical Survey Institute's maps (color-coded elevation maps).

MNHELNIBREOB O B0, HRXKEEIZEKS
SHEETIELS, 15, 16] 3 at ST b
HEIHBRREOREHC i@%@ﬁa,ﬁaﬁkmﬁﬁa
WZBWTHHI 16 4500 SCHME ORI T2 HFI 2 x1075~2 %
W@mﬁﬁiéﬂfﬁbm]% AT E B 2T 5E, H

WCBWTHBAEN LM T KIKEIN XA TH D5
A#%“:t#h%éhfw % [eg.,8,9]. HlZIE, KE=

— Uy — U — D =B A Lockatong J&E DIEEB TIE, %
E B A—MICBIT D N L——HBROFEREN S, 3x
1074~2 x 103 OF LB RBNIWE SN TWB[17]. A%
BRI, [Fl—OREEMETH > THIHENMNE KRR OS5
& D BREECARRTI A~ DR A [e.g., 18]DMIT, FRERTFIER
RERERR, R A~ORIEMEIC LW B D HZ RS2 &N H
HEEINTVWA[13, 19, 20]. HEREMIOREBETH DL AT
B72 b U—H —3R B Tl b H R RS TRV DsE R D
BWRZERO L E K LGB EOEI SN D — T
T, BRE N LU—Y—%FH L7 iR M oM KGR E)
2 S U7 Tk IR AR MO SEMOMIBRE & o
7o R R & REG B, R (total porosity) OOfE
WS AN & B[13].

1.2 dbimEnRaERT o) dh BT & oK B B it
Ay E AL T AL T 2 R | SRR O ET 2 BT
A~ O ERETRE (FRE) & 2o Ficiz
DHEET HHE SO S (HENE) M9 5 (Fig.
1). WRAERT OHVEL 13 A TR AN EE 3 2 B 0O KB (L &
X, REDEE =R~ FNULEHRES DD, B =k~
U ACHERTE X rE AL M O 2 FF TR} - MRt A R KL
TEY, ZNHOEMESIIREITHLIRICIE L o 7o)
T EMEOREERNIC LY, HSIEREHESEDSTER SN
tt%i%ﬂfwéan}:@%EE%@%@@@K%
, FALEROBEEOWESCY =7 A MRS HT H[23,
] K%ﬁ@}&ﬁ%*@~%mﬁﬁﬁﬁﬁTm;@,%

e (Hea, WA, A, EICaARX R R, #
WE,F%E,%ﬁé(%ﬁ@%%jﬁﬁé(@-@-yw
kY8 - HROARE) b7 5[25,26,27)].

FEORAED RN WSS CEARER) O
FREITH 50%~65% & mVMEEZ TR~ TH O D, BHAREEIL
10" ms!'~10"ms™ OfEZRL, KEKETH 5[28]. HE
HWBIZB W THERED /D e WREES T O 2R BRI
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35%~45% & mWMEE R T H OO, HASREIT 103 ms T~
10 mst OfEZERL, KEKETHH[28]. FALE KR
B/ o RE & HENE RIS OE KRBT ER
Zn10%ms!'~ 107ms' & 102 ms!'~10°ms!' TH
D, B L iR U TREWVIE KM & K& 7E 2 7R 97 [28].

WRAEHT B 25k G2 & L 7z IR KRBT DRSS B,

FHE L HENE R AT D BIETRI B ITIE ' o & — IR
B 5T OBKARDAGIIRBEICE O TH 0.06 B
NS UVEDHEE 4, FER-200 m LI TIE 0.02 A &
720, HEE D UK DOBATRERNIZRE N 29]. & DTS
RIx, i ENSOR—V » THEIZET S 30CL X ‘He & H
W HE N RKEEREEM OFE R & G L, BEARMERZE OB,
PEOARUNHEN JEZEER[30] 0 R BRK D St E R AR I, T HELL
Bl B & 70 o T BV AR ORSEERNIC X 2 Hig A& L
Be, EHHRRBICH B LB X BTV B3] A= v /&
2B D IR E K BRBER OAE R 2 AW TGS R0 575
J& EHENIE D REV AL M TRV EHEIN TV AN
[28], FDFEEL LTHEMBEIZOWTIZ 10m ML, HPuE
[Z2WVVTIE 100 m~200 m DR I ARBE N TN 5. BEfE
DOJRIEHL T K RENRAT T, Ao FEKREE LT, A%
PETET~TE m BREDOR—Y » Z AR 2 x5 L
L7 JEALE AR BBR O ES AV Bh b —07C, AR
RIZIIAR =Y 7 IO BERIE ) HHEE S 2 MR

(7 T 53.6%., HEPNE T 37.8%) AW TEY, =
FUTEEER O RIFREITHE S 9~ 532, 33].

WRAEEM BRI GE & o & — I OM TR OKEIIES < R
FICIERA—400m £ TRAKDRENRD HIL, TD5H
TER-160 m E TIEEHOKBILIE D KK DR FE D 5
DR, T LGB RAKRE IR TR O RAKD I
DFBENRRD 5N TUVND[34,35]. BilE DRFEKBILIED K
IKOFZFENTRD HI DI RAKIZE IR E) 22T
i, RO K & BZRE T O FEEE O BIBUK D KSE
FRRRINLRLE (8D, 8'80) ICENRLND Z &5, HiLE,
B DBREI LI RKDREDERICEZ o TWnDH &
DM SN TEB Y [35], RAKZHEERAEBOBIT O T
KB UC R MY FULARRHENTWS[36]. AT
IXLABE, BT O KA DK LIRS, H%BEOKBOR
IKDIHFRED B I D REI (RIKIZE RIS I DWW T,
FhK & ZYR P o HEE H O RIBRK O /K SRR SE NI L
WENRRLONRNW L2h, BUEITRRZI Lo Fko
Bo#MER L TD 2 ERER SN TWD. RKKIZ B
T OFAKDREE, HFBMITICES KK 50 m BEOAR
HIEAFZEL, KA GO T2 ROKIRINC,
B 5 OB K AE SR L= Lk Wiz~ 7=
ZEMERMENTRY, AHIRIIEE, WiEEOHERIC X
D SERIZHIYE LTV A[37)].

1.3 SREELEM

Utk oz, FhikEls XOMNEE 3G L LB
FETIEAR =Y 7B DIRAEAKHERAER N /b
TeBAROBEARMED B OBEARNME L LT, BlORERS
B BAF BT ESEICHR 2 5 ERIBEER DK EER A %)
MBRR L LTibh g, RKRSEHEEERO X - 728
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AN OBFN LRI T 5 Z L AR SN AT, A
PFEBREN MR LV AREINSREEZID Z ER3B
L, RO XD REWERED 52 5 I35 TV
HEMEN DD, ZOMICHOWTIE, WIEEHENE & —
JED O BUHE DI A TSI T K TR 0> 515 5
N D RARBIEIRA O T K OBATRIM 2 858 b L —4
—NOHEE SN DOBATRIE L b2 Z iz kv, A%E
BREROMEY 252 FERIAETE D AR RN H 5. BRORE
ET AHRUE OB IMRED 5 2 ITEE > - T ENEE
STV Meg, 38], EFEOLEEEITI ZLIZL V&
GUMEMERE S 2 eh B & L T2 T K FRBVARAT I 38 1) B A 2h IR
BOHZHFZDOWT—2ORFFHEZMZ D LN TED
FREMEN D B .

AHFFECII B HEHIE S 1B 2 AR D 5 2 5D
WEta B9 E UC, ALMRERENT I 543 2 8RO ET
LHREE CTH HFEMER LOHNE 235, AROMN
W 2 B RH L 7 s O A R s & V72356 O H Rk
OBATRI %2, BEFOMED S TR I 2 BATREE & Hig
L7-.

2 RIAE
2.1 FMEEES L CKEETIL

AL TIE ARG I X OHENJE IZ D\ COKELHE 7 0

A% B STV 2 IRERE AT ZEE v % — AR
D HUFOKIRENC R AR Y, fRETRE RO MM & Fig.
LITREND A-AWiE OKF 6km, S 0.6km) BL
ZORBICAET M E2rSEI SR —Y v 75
(HDB) L L=, KEEFMITHONWTIE, BEREMD
HRLY R/NRICT 2729, BHARRTHFERHFEERN (RT
JIHERE) 2016)[39)IZB W THEE SN RIRET V2L L L
7.

S+ FIHERE2016)[39)IC B W TR S N-T T L DO
LTINS, #E T T /L ORI I8 TIIKEERE5y
fi L WE ST ER— & L, BB (WiE, BEdRiw %
we), BaE, FHkE, HNRE, ERE~GE R, A
FRERS LIz, HENBIZOW CIIBEEZRIC R T 28D
KPR 72 A RIS B D MR R30I RS &, BRHO
TR AL M 0D O VHE P T S & BB o0 K PR RS
DIRNHERBTRERC RSy L2, T EIRAN O~ v 7 R 4 —
NAOWE CREhEE, RIEWER L) IXHE—-omihbE s L
TET /M LT, B EOMBmBRIZ OV TiIARKIZ S
WTHES SN2 10 m 7w ROIEEHITZK[40, 41712352
Wz HEEHTEIC DUV T BRI TR X DR RO
WD 5 5o 1 EARBIOAAREET —2 2 2 —0
500 m A v ¥ o WRME T — 2 IZHES W, KBS O
ETIICOW TIEIARRIRIC B 1 5 R EEE T — & ~— 2R
LW O WVE X 2 I MENTIC K 0 FEA L7 MR & 5 Af
[41]8B L OERE R — ) 7 oW R A2 5D < =Rtk H
HWEREET T VOB R4S\, 7272 L, WRERT
JE LI OFER I W TR M B LA D IEH S ST
W2, HElCRAHER DS M R E THOAT D DD
& LCEmsib L.
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Hydrogeological model: (a) topography, (b) hydrogeological classification, and (c) cross-section along with the A—-A'

line. The hydrogeological model is based on JAEA (2016)[39].

KEET VO E % Fig. 2 (1”7, 1 DOFREHRE A
v a2 BFRMNIZ HDB 23 2 FLLLER X 0L 918, FHT
FERE(2016)[39] THEER ST BT /0% VT, IRAETE B A
A —FADRA 2 BN GBI L. SR
km FTIEERSHFZ SOm LA E L, T L0 CITE
FOE I DNERBANHINT D X5 ToBIUin. RigEs
IFEE-10km TH 5.

K52 TET L L T2 IWE OB ORIC W TIE, K
g OMFRFBIRA R &, BARN 28T — 21z L.
DR, FHIEICOWTIE, FEEOBRMEEZE LT
JEE 10m @ 1 Fomt#EE s LTETME LT, W@
s HEERLWEER S L, MEEZROBKEKE, =
AT — REINHET A3 AT OEKEEZEE L
TROTZEMARB AR L B EHZ T2, A AT — RElhE
ETVE, FREEIRNIC BRSSO KO R 5
BWNBRAETDHHEAIT, TN OMEENTE L SN WE NS
FEEEBNICH D DL LTERVEI BOTHY, WiEc
FUT DAy 2 lx LT, BiEE O L WTE O )7
MPEDE B A FBKEGEE L TR EEEEF UL FIET
b5, FREFEIOWTIE, JRTJIHEE2016)[39]% KT
T L LB O &R (Tablel) 2> 5 & WiE 0
KT > v ERDbIZ, 72720, Kb EOEBEIET
VRS DIE A 120 m A STV D Z Eab[44],
KEEE PSR 2 BEREICONWTIIARA T — REF LD
A ABARE TR R, A=V RIS L D EAER
BAERICED &, N & REOFE KR A 5 2 7.
Fio, HWEITHIFEE D STRER km FTHA L TWD A,
TEBIE ERRT — 2 BNZ LW, KT A —Z OFRE
IRAEMEIZEE L T,

2.2 BWEH

H N KRBT IZ 351 DR SAEIC OV TE, 1T E
\F 5 BEFEMFSE[45, 46]<0Mth B2 3517 5 IR g T oK fii B fi#
HTI[3,4, 6, 7] & RIRRICERE LTz, SRATREIR i Ok % 1F
KROWEZZRE LIKEEERR & L, A ENIZER
RE Uiz, £z, HROFIEBIZOWTIE, KEEEEESN
L U7, MBS B BE O = gD & Bl O3 I
23D WS MO T KRB AT 5 Z L EESN DT
W, BRI TH 2 FATEER L L ORALOM F R & R
KEEF & Ui, F£72, WRFSEFIIATR O MR < H
BESRE D Et km E S TH D0, ME RSB
Re Lz, FEERICOWTHIEREN-10 km THDH720,

Table 1 Strike and dip of faults

Fault Strike  Dip
Omagari fault N33°W 49°E
Horonobe fault N9°W 5S8°E
Kita-kawaguchi fault N6°W 19°E
Coastal fault N20°E 77°E
Sarobetsu faults N37°W 34°E
Wakasakanai fault N3°W 47°E
Detachment fault NO'W  0°

FHMSEFR I 35 1F 2 #U T KIRENZ IR SR K DB e
BTN LB TREBKERE LT

AN itk 0> R AR B IR AR L D L B AN E OB
KETH D Z & DRE S5 IRIER X OCR/KIZ e
HIZR N D RHEN LI FRKOBEINMER LT 5D Z
EDRIE SN D IRBEIFIBEDOKBEMFZ KM L2 OTH
HEEBEZLND I ENB[35,37], HKECOWTTHED
WAKETH DS 0m 2 V-, EERICOWTIE, 2004
12 A~2005 £ 12 A ARSI C BT 2 K SGRENLED
ni-mERE (ke - AR - WiHE) TH50.12m
y 1 471% AWz,

2.3 ®EHEEB

WA B J OS2 381T B IR T /KRB it ¢
1L, BEARMED R EBE U Sl L L B AT T L
BIR Wb A, KEHEREET WICE 2 7B KR
B L OKEZAA MR L Table 2 [ORT. fifffro— R
WX, Z=®ocfafn - REFRZWMAENT 72 7 J A
Dtransu3D-EL[48, 49]Zffi] L, Table 2 {Z/RS41D 57—
ANZDWTE R BTN & Fhi U7o. ARHuska x4 & L
C Dtransu3D-EL % 7= BEAFWFFE[45]0° 5, RS T /KR
BTkt B M K ORISR 3 A BB OB, 1T
BT OB W T ENCRO N OO, N
WICBW T TIERZEO TUEL A LB LRV &
DHEINTNDL I END, R TIIEERZEEL T
W, SRR X A A B LT 2K & OIS
=500 m (ZBWTHRATK 3 m BAKED/NSWERETH
D, EEHIFEEITNS L 72 D[45].

BABLUEIC OV T RRREL R OE MRS L
ThHz 7. HMNBERHITARHEOKBIEAEENZ LN &
M 5[30, 50, 51], % Z COMTF/RBENIEE IR T 21
TARFRENC KL SN D &5 2, SRR SBEOFA MR
L. FlEEHNBEEIC OV T, 2FRELE
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Table 2 Hydraulic conductivity and kinematic porosity of each hydrogeological classification

Hydraulic Hydraulic . .
Hydrogeological conductivity conductivity K];z::;;;c
- (Pallalel to the fault (Perpendicular to the
classification plane) fault plane) -)
(ms ") (ms™) Case 1 Case 2 Case 3 Case 4 Case 5
Sarabetsu F. 1.0x 107" 0.45° 045" 045" 045" 045"
YuchiF. 9.4x 10" 0.45¢ 0.45¢ 0.45¢ 0.45¢ 0.45¢
Koetoi F. 5.0x107°° 0.50 ¢ 1.0x 10 1.0x107° 1.0x 107" 1.0x 107"
Shallower part of the sc . 4 3 ,2 _
Wakkanai F. 2.0 x 10 0.40 1.0 x 10 1.0 x 10 1.0 x 10 1.0 x 10
Deeper part °£the Wakkanai ) g 0.40 ¢ 0.40°¢ 0.40 ¢ 0.40 ¢ 040
Masuporo—Paleogene 50x10'¢ 0.10" 0.10" 0.10" 0.10" 0.10"
Cretaceous 5.0x10'%¢ 0.10" 0.10" 0.10" 0.10" 0.10"
Omagari fault 20x10° 20x10° 030" 030" 030" 030" 030"
Horonobe fault 15%x107°" 14x10°" 0.30" 030" 030" 030" 030"
Kita-kawaguchi fault 15%x107°" 14x%x107°" 0.30" 030" 030" 030" 030"
Coastal fault 15% 107" 14%x 107" 030" 030" 030" 030" 030"
Sarobetsu faults 15%x107°" 14x10°" 0.30" 030" 030" 030" 030"
Wakasakanai fault 15%x107°" 14x%x107°" 0.30" 030" 0.30" 030" 030"
Detachment fault 15x10°" 14x10°" 030" 030" 030" 030" 030"

* The value is from Kurikami et al. (2008)[47], based on the data from the hydraulic test reported by Osima et al. (1995)[72].
® The value is from JAEA (2017)[73], which is the logarithmic average of data of hydraulic tests from HDBI1 to 11.

‘ Thease values are from Ozaki et al. (2022)[51].

¢ The value is from Kurikami et al. (2008)[47]. The permeability of the Masuporo F. is assumed to be higher than that of the Wakkanai F. because the
Masuporo F. is composed of alternating beds of conglomerate, sandstone, and mudstone and because the Masporo F. is estimated to be the source of the
springs in the northern part of the area (National Development Agency of Hokkaido, 1971[74]).

“ The value is from Kurikami et al. (2008)[47]. The value is one order of magnitude lower than the Masuporo F. because it is a Cretaceous solidified

formations.

" The value is from Imai e al. (2001)[75], which is based on the data of a deep drilling survey (PNC, 1987[76]).
¢ The value is based on Ishii ez al.'s (2011)[77] data compilation from HDB3 to 11 (Niunoya and Matsui, 2007[78]; Sanada et al., 2008[79] and

2009[80]).
" The value is from JAEA and CRIEPI (2020)[81].

" These values were calculated by the smeared model (Kawanishi et al., 1994)[43]. The original hydraulic conductivity of faults was from the

logarithmic average of the data of hydraulic tests at Omagari fault (CRIEPL, 2011)[82] as 2.7 x 10 "°

where the fault intersects was assumed to be 1.5 x 10° ms '

EOFEMRRE LI-2Er—Z (Casel) &, BEDBAN
B2 BIZHH Lo AR s A7 —2 (Case 2~5)
ﬁfﬁ.%%@7~XTiRMMmuﬁ%§%u,$~
U TREICR T 2EREEEREICB O TR SN
Fﬁ@kioﬁﬁ@&%ﬁmﬁ it OkAb@az) oF
IR EAREL I B AT AT T V(53] % F O C/KERRR 1R %2R
Hiz (Table3). FEMEAICBIT 2HIBI[I5125BIC, £
DIKERBAHIRD 10 5 OREZWEBATHR AR L L TiHR- 7.
%’%\{E%E@F IZB W T AR BREOFKEREITRD
(23R 72[54, 55, 56, 57, 58] : W T AKOBLRARELE & R

fi %) ERIEEE & B oA CHNTR Z B 5 Z & TR
DKOFREA - MR ZHBREL, ZoRRoOEKkERSERIGE
EOWRETa 7 7 AN 8 ANVTEKRELBAEDEBKE

R B R Y Cide, k. AKEBID
PRI T 2 WERATE DIE DO LRIE, MBI DR

AL b L—H—REROFER[59, 60175, 5~20 f5FEEE A il
PR hETH D LB X B TWAH[15]. T D=L, AHl
BWOEETRAEICKT D HAE b L — RO R E L
9 5[61]. Posiva[l5]TiX, &L= ERITH DR
IR FRENEAE S b oo, AKERBH OIS DR E L
T 10 fFERFE LTHWTEY, AIFETH 2y

86

ms . The hydraulic conductivity of the element

as the logarithmic mean of the entire Sarabetsu to Cretaceous formations.

105 A L.

T XN 3V TR D 7= B REATBR 18 OO I fiE % 7K A
HEROVLEMRE TR L2 EE 2o AMIREL LTH
L7, KHELBREOFLMIREL, KHBBEO G MR —
BT, FOFMIEE ORMEXE Th b sl 2 8HOH0
(BRI EERBMEE) [62, 63, 64] TREFETE D &g
FIZAE LT SRk 7.

l=LcosO/n (D

l IKI B BHOFRIE [m]
L REXHEORS [m]

0 : LEETLBRADOIM [degree]

n B X TR S h kB bRADEK [-]

%nf_ﬁxbﬁaﬁﬁé+ IEARE Tl 6% 105 (HDB-11 fL) T
3@@, HEPJE 0TI 6 x 1075 (HDB-11 L) & 1x 107 (PB-
VOl L), 7 x 107 (SAB-2 L) Th-o7=. ZOW:, HED
SRR RIIFRMEICBVT 265 m (HDB-11 fL) TH Y,
HEP B EFRIZ VT 195m (HDB-11 L) & 142m (PB-VOI1
fL), 311m (SAB-2 L) TH5HZ &2°5 (Table3), FiE
BELOHENEOWEIZSWT REV O GFRIE : 10 m
Lk, HENFE : 100m~200m) [28]% BETHMTHD EE
2 b5, SMPAMREICESE, FRE & HNEERET D



JRFF18 7 2 RFSE

December 2024

Table 3 List of hydraulic fractures detected by the flowing-fluids electric conductivity (FFEC) logging at the Horonobe town,

along with the estimated width of open-hydraulic fracture

Koetoi Formation

Shallower part of the Wakkanai Formation

HDB-11°* HDB-11° PB-V01° SAB-2°

Depth © T Width © Depth © T Width © Depth © T Width © Depth © T Width ©

(GL-m) (m’ sﬁl) (m) (GL ~m) (m’s™") (m) (GL-m) (m’s™") (m) (GL-m) (m’s’) (m)
190 19x10°* 29x10° 463 20x10°% 29x%x107° 254 31%x10° 1.6x10* 100 14x10° 12x10*
201 26x10° 32x107° 473 35%x10°% 35x%x10° 258 33x10° 1.6x10* 124 3.0x107 72x%x10°
211 12x10° 25%x10° 478 3.5%x10° 35x%x107° 266 28x10° 1.5%x10° 127 20%x 107 63x107°
219 29x10° 33x10° 484 22%x107 65%x10° 274 97x107 1.1x10* 128 15x107 57%x10°
2200 19x10° 29x%x107° 522 79%x10° 46x10° 278 24%x10° 14x10* 131 15x107 57%x107°
226 95x10° 49x107° 530 17%x107 59x107° 285 45%x 107 82x10° 133 25%x107 67%x107°
248 1.8x10° 2.8x107° 544 44%x10° 18x10° 288 12x10° 1.1x10™* 136 15x107 57%x107°
259 27x10°% 32x107° 566 22x10°% 3.0x107° 322 97x107 1.1x10* 140 13x107 53%x10°
262 37x10° 3.6x%x107° 575 1.1x107 51%x107° 331 1.1x107 52x107° 210 50x107 85x10°
278 15x10° 27x10° 591 42x10° 37x107° 358 54x107 87x10° 261 3.0x10° 1.5% 107
282 21x10°% 29x%x107° 603 35%x10°% 35x%x10° 363 1.8x10° 1.3x10™ 296 45%x10° 3.8%x107°
287 26x10° 1.5x10° 611 84x107 1.0x10" 309 55%10° 4.1x107°
292 30x10° 15%x10° 618 24%x10°% 3.1x107° 316 15x10° 2.6%x107°
299 34x10° 1.6x107° 629 46%x10° 38x%x107° 329 15x10° 26%x107°
312 56x10° 1.9x107° 633 64x10° 43x107° 333 40x10° 37x107
316 39x10° 1.7x10° 648 64x10° 43x10° 336 6.0x10° 42x10°
325 39x10° 1.7x10° 352 28x107 7.0x107°
332 47x10° 18x10° 369 1.8x 107 6.0x10°
338 56x10° 1.9x10° 374 6.0x10° 42x10°
348 21x10° 29x10°
351 22x10° 3.0x10°
360 6.0x107 19x10°
370 3.0x10° 15x10°
385 22x107 14x10°
402 82x10° 22x107°
417 56%x10° 19x10°

" The data set is from Ishii (2017)[62]. The borehole interval where FFEC logging was conducted is 265 m. The number of all fractures in the

borehole interval of FFEC logging is 1473.

" The data set is from Ishii (2017)[73]. The borehole intervals where the FFEC loggings were conducted for HDB11, PB-VO01, and SAB-2 are 195,

142, and 311 m, respectively.
¢ Detection depth of flow anomaly by FFEC logging.
¢ Transmissivity in the point of flow anomaly detected by FFEC logging.

¢ Hydraulic aperture was calculated from the transmissivity based on the parallel-plate model (Snow, 1968)[53].

BohE KR ERQ»BRDD L, FNEN4x10°ms™!
BLO2x108~2x 107 ms! LFHE SH, Table 2 ITRT
FATHIFE TRRIE SN T A hE KR L Bl —ET 2.
k=YT/(Lcos9)

k BEIEKRE [ms]

T  BRHSWEEKAHRREOFEKERE [m?s]

BEDOF AN —EETIIRN D &R, BERLYERE TR
H SN REELIMC I T H M F AR RN D ATREMEZS B
LZEEBETHLE, %%@ﬁ%%@%i%ﬁmibﬁ%
AT AREMED B D . A RNEIBRER TR O A
x5 S L—— OO BT TR T D &
B2 HI[65], XGEEHE18]1°, RERTFIL, WRH, REIC X
DB DEAERTZ LD B[13, 19, 20], Kﬁ”?@iﬁ@
BHREIRED 5 2MMEIOIVMEE CORARET 5 &
EL, 1.0x10*~1.0x 107" %4 Case 2~Case 5 D+
Mg & HENE OB OB MR % JEICHEE L 7= A 2R
F L L7z (Table2). EFIZEFMNTIZI T 2 HREBRED

@

AR %?ﬁ%k%ﬁﬂéﬁ’? TR G Z, AKEREIKE
B, BATIREIZIIREZ 5 220,

2.4 MTFOKIBITEME

T ARBATREENC DWW T, Fig. 2 (RSB KEET
IV DBEFIN B IEATREI N O A A EIET 5 E TILET D
W%, FEVTSEIRAN O KBS &R & LIZ i FRoFiho
ﬁﬁﬁ/\@m?ﬁ%n’ﬁﬁﬁﬁ Xk, ZhnEfRATEEN
DEER IR T 2T KBITRIN & U7z, L - BuRRART
m,mMmﬂmL®%ﬁ%%T%é£mﬁ&7kw%ﬁ%
FAWTHRAL Y 7 b ParaView (2 XV Efig L7-.

3 WRLEE

3.1 AN BREICE T SEAHER

Fig.3 |Z Case | O A-A'WIIHI 12331 5 2 KEA & Sk, #)
IKAELFS J UM T 7K REATIRER] O FRATHRE F A /K FRHUET M 15 E
TOWmEX & A TORT. RKESMAIZONTIE, ik
R ORI A HiUS 3 JOVKOEIEEE 2.2 km #LR0A 51238
WTEWEZRL, HBICHE>T2omn R oniz. gk
B AR X IR AT TR 5 x 1072~2 x 107! o belge i v
WEZRL, FEIESEVEZ R L, E-600 m TiEHI 1 x
102 2R L. RSN EERLEIZB TR 1
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Fig.3 Simulation results of total head, hydraulic gradient, actual velocity, and travel time along with the cross-section of the

A-A' line for case 1. White lines are the boundaries of the hydrogeological classifications, and the distribution of the

hydrogeological classifications is shown at the bottom.
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3.2 BRER—YVITHEGHICHITHHLE

BAE DHIE 5341 1255 < BEAF- OO SR N /K SREFEMT 7 &
HEE S 7= HDB-5 7L & HDB-6 L, HDB-9 FLJ&34 D £ 728
I & R 531 [47] % Fig. 5 (27”7 Mochizuki and
Ishii (2022; 2023)[35, 37]i%, HDB-5 £L & HDB-9 fLIZ¥iT %
R—U o TIRERERD O RO RR 2 L= KK
@E@ﬁ%%kbkﬂ%ﬁ%%ﬁbf%@,mméﬂ%
HDB-9 L RKKEFZFEIRATIC I T 2 BIED M T KRBT
FRBEIE, JE B OO i oD i MR A (B MRS L OYB ML,

Fig. 5) 7> & HWERAORE 8 DR W H A~ & )72 9 it TH D,

AT OB BT 5 L LT\ b, 2 2T,
K H R OFRENR 7 2 5 RE & FESZ 2T 5. EWR
FFFHTIC I TREE DRBATREE O R K IEATIRE I 5288
T2 DINTNT A —21%, ARRREOMISE KR &
WRBENFF HNDH. HDB-5 fLirfE L O HDB-9 LTt
D RAKZ BRI L TN TN IR DIRENRICALE LT
52 L0 (Fig.5), T /N7 A —4 (BB & s &)
I L O N IKREATIRERR] D FRATHE S D AR HE S 2 FL A ST
WD) ZENTED.

Fig. 6 |Z Case 1~Case 5 DFERDOKAR— U o FHLIERFHZ
B H40KEHE, EiE, BhKAE, HNKBEATRER OTRE
AR KNS IT /KB OBIANE33] &, &AvK & FEH
FORERAKD §D BELW 580 DN B LTk
HWILARE D RK DRI OKZE IR 36 LUK
DRKFEZE S CRAKIZE LG OHEEIRE35]% G
HCRT. 72721, HDB-6 AL CIHEEN-18m IZB VT
EAKILIBEDO KK DR BITFEH LI TE ST, Fig. 6 O
HDB-6 fLiTf5T — Z IR TREN DT KIIOX
KIZFE DRI DFED B DI EAI-18 m LIk A R L7z D
Th 5[35].

3.2.1 HDB-5 H.:afE

HDB-5 fLITEEZ 351 D R/KEEOMRMT RS HIE, A ik & st
G & LT BEAF O HL N /KGR BAENT RS e [47] & RIBkIC, KKiZ
BRI F T A BUANE & ORI 20 m F2EEDOFEWR
W= (Fig. 6). F D78, fRHTHE SR CITBIHIME & 1352
720, RAKRGBEBRETICB T 2T AKOFENIT L& o
Ry A Lie. K AEITER O S RE T 0.1 L Lo

BTN, HENE & OB T TRESBA L, HEH
0 m AR TIE 0.05 R D/NE72fliZ R L7, Case 1 1231
B FEFHIIHEN IR TIX 1 x 104 my ' K5 2 R348, HE
WREETLETIIN 1 x 102 my ' 278 L, Case 2~5 TiX
Case 1 O 10~10*fEDEEZ R L7z, HTARBITRICD
WL, HENBIES IV IThosr—2 % 13100y LLED
EaR L7z, FHERS L UOHANEERS T, Case 1 OFER
IR DRI E T 1 x 10y BLEDOfEZ/R L, Case2 OfE
RiZ~10y DfEER L7z, Case 3 OFERITEHEDOHEZ R
L, Cased 35 X O Case 5 DFEFRITZNENEEER LU
THOfE AR Lz
3.2.2 HDB-6 FLagf®

HDB-6 FLIT5I1Z33 1 % 2K EA O fRHTRE R i3 7 i

BOTEBOLHEHRETH 70 m O—EDOfEE/RL, B
&L TOREmVMEEZ R T H OO, KEENTRS
Nieho7= (Fig. 6). BKABLEIFFE ORI T
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Fig.5 Topographic contour map around HDB-5, 6, and 9.

Numbers after the name of borehole represent the
elevation of each borehole top. Closed triangles
the The

distribution of recharge and discharge areas is based

represent elevation of mountains.
on the groundwater flow simulation of Kurikami et
al. (2008)[47].

distances between boreholes.

b 0.05 BRED/NSVEEZ R LR, ”%&&ﬁ?bﬁ
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%Ef@%ﬁﬁm%lmwkquwhwl%mb,@wz
~5 T Case 1 D 10~10* 5 DEZ R LTz, HTFKREAT
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y L EDOfEZ R U2, FRRIE TIE Case 1 OfERIT A

LAMICETEETHINL, AR ORI ECTHEZ
—EDEZ R LTz, Case2 OFERITE 4D AR L, Case
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AR TEDETH -T2,
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BB ED5[66, 67, 68], HAEKIIRBIIZH O CITAE
PHOIE S O @V VB (B #S8 L OVB S, Fig.5) M
LI SN T RO EE TH -T2 EZHNTWD
[37]. —J7C, HDB-6 fLCIIHAKII LA D K AKIZ B8
OONTELT, £, HbKE RS ORIBRAKD )
YA RRHTREENIMRME STy [35]. ZoZ &
2o, FRERORKEOBIIMIZ RS 507 ) ki
EOEKAEITLT U BAEO I ERE) X 2 H kR
AR L72b 0 LITRGT, REOKIIR O ERBIE
HFES TV D AMBEEZ RBT 25D LB HND. RIS
AR L7= HDB-5 fLuTfE0 2K TR & 5 fpr s
B L BIME DO RS OFKIZOWT b, AHIR O FAD
TRALDSEN Z LT K0 oK IIR I 2 & BIFEIZ 00T TS
EPUIKAEDEAIZ X 2 BK AR 7 & OBEREEOEIC
ER T 2 NKIRBIOIEEFENE 2 DD, EDEH
IR SNTEHRETHD.

3.2.3 HDB-9 FLiEf®
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EE O0m ST TR 68 m B 76 m F THIM L7223, 12
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Fig.6  Depth profiles of total head, actual velocity, hydraulic gradient, and travel time near HDB-5, HDB-6, and HDB-9.
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Case4, Case5 TIIZINZ4 Case2 D 107 {5 & 1072 4%, 1073
fEChoT-. HENEERSIZE T 2T ARBITRIZOWT
%, Case | IXFTHFDMEZTRL, Case2 1E 1 FRMWOEZ

A~ L7, Case 3~5 I3 D EFOBATRH 2R LTz,
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e G HEE T X D A[EEME23 8 5. Table 4 |2 HDB-5 fLifT
3 & HDB-6 fLiT#%3 X O HDB-9 FLUTfEOIEE — 100 m (2
BT 5 2KEAOBHAME3S] & VTS S, 3 X UVHDB-5 L&
HDB-9 L& HDB-6 FLIZ[AA 9 KL T OBk AE O#H]
8 & T E DOt A R4, HDB-5 fL& HDB-6 fLOR D &)
T OEKAF AN L D BLIED )7 5359 9.5 k= <,

1 HTOFEWRFRD 5%, HDB-9 FL& HDB-6 FLOR D
ST OBKAFRIZ DN TEZ DK LTEBRETH Y,
KEREWTFRD Hi72\. HDB-5 fL& HDB-6 fLOR D
AT OEKARIZR G D) T HTOEWE, RIKROEHE
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Table 4 Comparisons of total heads and hydraulic gradients between observations and simulations at —100 m elevation

Total head (m) Total head (m)

Hydraulic gradient (-)

. . Ratio of
Hydraulic gradient (-)

Borehole Elevation (m) at—100 m at—100 m hydraluic gradient (-)
name at the surface elevation elevation toward HD_B_6 tow?rd HPB_6 (observation /
(observation) (simulation) (observation) (simulation) simulation)
HDB-5 78.7° 95.4" 733 0.027 0.0028 9.5
HDB-6 60.2° 64.1° 70.0 - - -
HDB-9 97.2° 78.3" 78.5 0.0072 0.0043 1.7

“ These data are from Mochizuki and Ishii (2022) [35].

HiINS W &, 8D WIERIRDEAE~DERE O DR
Fre®ELME (0.12my™!) LOKIHTREWZ &2
ENTDAHREMENE 2 bD. EEOGB KRB EFIRE
AT CRE LI & 0 59 1 M/ S WG, # R KB THY
IR 2 BT L HTRE WEKAEL L OFIC & 0 AR
SNDBH®, BE b L —V—IC L D F KRBT OHEE
8 & FRHTEDORNZIZI R E 2B WNIT N2 EBB XL LD,
FRR DOV BN E BTN CRRE LIE L VA LHFR
Z G H, HDB-5 FLIfHIZ 31T 5 T AKBATREM 23 & /1 o
—HNZPEVVIATRE R L 0 9 1 M &< B, LIT T,
HDB-5 fLirfHIZ 31T 5 T KBBATREM 2SS 52D 0.1~
1 {5 Th D aRelE 2B E T 5. HDB-9 FLITfHIZ 2\ Ti,
K ABCOBRNE & AT & ORI R E REVRRD 5
RN, RHEEME GRE) BB LRV,

3.3.2 BEFL—Y—DoHESNBHBITHRME DL

HDB-5 LD E&H D FoK I LA D KK RS i (RKiZ
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