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Controlling factors of orientations of subsurface permeable fractures: Borehole
data analyses of 16 AIST observation stations in Aichi, Kii Peninsula and
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Abstract: We analyzed various borehole data obtained at 16 AIST observation sites down to a depth of
600 m in Aichi Prefecture, the Kii Peninsula and the Shikoku regions, southwestern Japan to clarify
controlling factors of orientations of subsurface permeable fractures. We detected permeable fractures
intersecting the borehole by using fluid electrical conductivity loggings, sonic loggings, and hydrophone
vertical seismic profiling (VSP) data at each site. The orientations of permeable fractures were determined
from borehole wall images obtained by borehole televiewer or television. We also determine orientations
of all fractures which are not only limited to the permeable ones but also non-permeable ones traced on
the borehole wall images. The number of permeable fractures is less than 4 % of that of all fractures at
each site. Directions of the maximum compressional stresses at 16 sites were estimated from hydraulic
fracturing stress measurements, borehole breakouts, and so on. It is found that the orientations of
permeable, all fractures, and the directions of the stress and characteristic geological structure are almost
consistent at all sites in the Shikoku region except one site, namely Niithama-Kuroshima (NHK), while
these orientations are not consistent at the sites in Aichi Prefecture and the Kii Peninsula region.
Combining all the data, we found that the strikes of the permeable fractures tend to correspond with
orientations of the geological structure rather than the stress directions at each site. Thus, the geological
structure is likely an important factor to control the orientation of the permeable fractures.
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HQ =7 U v/ (HAEM9ISmm) OFLHTHEIET D
T EEEARLE LR, AR AIZ LD T &
DRI (B ZIZEEK 270 mm) OFLHTHEhE L
e bd b, RS TS HONESRMESCT —
XD EE TN ER LN LHEKOAIZLHE
SUEEEOE b E B TR L, ZKRERREDOEE
BRODHZELE L. T, SLHOT—%0
B2 EOENIH D LT, BEREEEOElE



AR5 ZFE KA

BT 270G =BT 5 3 D& 2 &2
T 5.

F9, HEKBHAT DIREDBESULEE DL
DORBIL, BiA A KON TR, —/RIZHR
AT D HIEKDELAREEDH N EVME & 72 570,
EREEENEHLS 25— (EOY—7) OFIR
ond. Eiz, #HENEAKT CHIE LA, H
EAPTAT DEE CEXBEEN/ NS 2D E—
J(BADE—2) R d. 2D LD R E— 7 USDTF —
2L DFRE#E L LT, Doughty and Tsang (2005) 73
ETFVHAETRLEZLIIE, LRNAKIZEREH BV T
TROFRNN B DAL, FE, HE £ ToRE
R 72 EORMEICE T, MATHRETAT v
WOBLERTZ b HD. AT v TIROBALE R
FTHIE LT, %k 25 NHK D3 (FE3X(K) I
BWT2mHOREIEICL DAY — 27 2R LT-1R
BT, 3EEEBZO4[E B OWRIETIZT AT v FRICHE
WELIZE D> TERY, HKEOFBIZLD LR
X > TELEEBLEHESND.

WIZ, 1 DOFLFCIXJRAN 1 RER 2> & BOrp e
PLEORRTHRY IR L CTRIEZEIE L, BRI
DELT DWEZ BRI 22X, 2o iiitEo
FEAZMRLZ. L2, BIExE 1 Mo HFEE L7
LEe, MOELAMED > Lo 1T LrELE

BTERDPSTLAETYH, FAHORESCHIES
Rl a2EZBE L TRELEGGL®S.

BRIz, WA A K EPREEKIZE T 2 Bl
FED ) A R~V EFIT D 72012, BRASEE N
50m LA EO X CEMAMARZL L R A8
ENTIEFEE-EDOMEETT FRED 9 FLHICBNT,
HUXMOT — ¥ OEEFELZ RO, 9 LI,
TYS L2 (1 [ABEHIE), NSZF.1 (1[EH), NSZ L
2 (3mH), KSTHL1 (2[FH), ANK 1 (1[H),
ANK FL2 (1[aIH), MUR L1 (1[AIH), SSK L1 (2
MEH),UWAFLT (1[FH) THDH. ZHbDHET —
3% B8 3 KITR LTV A, HREITRK TOH
iE & o7z 8 FLIF T OREER 221X 2.3~63.0 uS/cm D
#WETHoT-. ZOREREND, WHIRKOEED /
A R~V AR (FEYERZE 5 uS/em), 1 (FEYE(R 2=
10 uS/cm), = (FEAE(RFE : 60 uS/cm) D 3 D4
THZENHUTHD EEZ, HWHIRKEMH L
FTRTCOILIDOTFT—2D ) A XL~ % 3 DI H
THZE L L. ET AR, FIHTEHRD
RO IRNK M DT — & OFEYERZE D O fIHr L7z,
F72, WA A KTHIE L 1L TR I YR
7L, PREITE KOS XD S 1~2 i/ S0 0.36 uS/
cm CHoT=Z &b, WA A KEHEHLIZSED
KAHOT —F OEREREE 0.5 uS/cm F2HE & L.
Hijg K DA K D ERIZEE OB & BT 5 B
i, FnEnofHFicBsn T, Eio s A4 XX
DN HIEERERZD 2 5L EORE ST
BRAGEENETH 2%t L. 2770,

WET — & CTHRIELL EOELN H HIRE 2 2T
L7=DOTix7e<, 2T 2 ACBR, HiMR L
HLER L TRHEITR- 7.

HGM % Br< 15 BHLSIC BT 2 BRARE L RMRE D
T2 E R U E KRR OEEZF 3K (a)~
(0) 1ZRT. BKITEBWT, HEfhoBE &8l E
SAGEED R r— VR R 5 2 LICERE IRV
72, MOELMELEZT—X 2050 L TRLTE.
R U7 fE R OB & 7T 7 AR OVERE D%k
FCaRT. 1 DOFLHTEE EGEEHO 2 BN 451F T
HELIESEEIE, 77 7% 203 TERRLTY
. LUF, Bl 2l i, WEROILHFNGRECT —
X ORF - B EEDIHT 5.

TYS (3 X(a))

ETOHTHA A KICEBRL, L3 & 1138
AKIZ X VKA T & 87, 7L 2 1T RIERHTEA (59
10U v ML/ LTWe. FL3 &1 TiE, e Y —
NOPERF LY L ILNKDOBEBLBEENNEL 72
DT —2 NS TERVRERBNRH 720, T
PN OREXRNCB W T K LAIE TEREE
EOIEOY— 7 NHERTX HIREEZHRH T, 7
A RPN EL BB E R T Z DO LR
EONfREFmVWEEZONS. £72, L2 T,
HEFOBEAKIZE D ALNKIT EFRE 2> T0E L
HEIN, 085G, HOHEETHAA L KEID
EWERBEEOHEKOWAND D &, ZOWE
FU ESTRABICEWERBEE LD AT v IR
DEAERT EEZBNDLDT, TOREZREL
7.

NSz (5 3 (b))

FL3IEWA A KICEBR L, fL2 & 1ITImEIEK
THEL, 2 TOLHTEKIZLY KEAIKT S
72. L3 TIEIEEDO Y —7 27-9 2 DDIEEIZONT
B2 MR LR iE TR c& = fL2 L1 T
ITBERCEEN DY — 7 R TIRE Y, HBMA
MR LN LWE L. LaL, 400 m LALEE Tl
TA B LT IRE R o 1= 2 &b, HEHITRK
DOPNTE D T2 DI HEH TOILHNEIME TN A+ T
H Y+ BEOHE KN TE 2o I Al FEPEN
EzbnD.

ANO (¥ 3H(c))

L3 IEWA A KICER L, HKIZ L VKA
T L2 & VIEEIEARTHIE L. fL21E
HERFICEHEA 1Y vy hv/4y) LTwiz 4Ll
TIEHRAOREICBNT 297 m THRTFARREL o7z
728, Y=L &5 & BP0 bEHEE S LT 300~
560m £ CHIE L2, B LIEEEIT R o7,
3D 1 EAEOWHETIE, HEY—LORIE FIREL
D HILNKDBZASEEN /NS 2D REXRE N
ol

ITA (53X (d))

3L 21FIWA A kICEBRL, FL1IZIEIEK



Hi N2 KPS 7 1R O L K]

THIEL, L3 FHAKICI Y KEZKTEE. 1L
L1 BIOBDRETH T8 ) A4 ZAH/NE L @bk
BOF—XThHho7=0DT, 200m UETIT LKA
HE LI AT v RO ZE, 200 m LUETITADE—
T E R TIREZRE Lo FL3 D 14 mLURTHRIE Y —
NMORIETFREY LN AKDBRAZEEN/NEL
ol l=z, 14mUIEOT — X OEALNTHER TE 72
Motz £, r—v 7 HEFOWRE 10m (I TE
%4&%&755‘%0‘@5%%753‘%%%5753 T —

27 AT T D ALK KD %%ﬁ%ﬁ
N — k@éﬁ;@@ﬁfﬁﬁ/ﬁﬁ%%\_gnt —_—
oz,

MYM (% 3 K (e))
L2 DMEIT AR, L3 EFWA A KRICEREL,
BAKIC KV IKBHA IR T S 872 FL 1 ITmEIEK TR

ELT. L1 TIEHIERFIZ 5~9 U » bV /S RED
FEAKAN G o T2 7250, # 0 3R UHNE IS HREITR K 23 %

v%i@@ﬂ@%rﬁiwm AR T L2 mTREME S &

BRAGEENADOY — 7 2R THREEZRHE L,
ﬁﬁ@%% L C&E . JE2EIHO250m & HE 3
Bl H D 265 m (L CEREENME T3 5208 R
HILAH D, FNLSORERTIRBE 22N
HIVT BN WTZDFRE Lo 7=, L3 Tl
HEY — L ORE FREI Y & IHLNKDOBZAEE N
NS R HRERB R H -T2,

ICU (3R())

L3DWPEITARL, L2 LA 1ITFENFR, WA
Aok, KEKICEBRL, BKICIDKEZEKT X
Wiz, FLLITEES D 525 m DOFEENE T, AK/RE
SAREEDOENBH Y, POBVWHIM 2 RT T —
B2 ThD. 1277 L 355~420 m X[H DO ESKAGLEE DL
DWW T, M0 K LEDO T TRENOIED B —
7 OB 35 1ICEEL, ©—27 OFRELHIE
B ZE W' Ry, b0 —7 OELELNAKD
MALTIAT 5 Z LIINETH D, MOEE THRH
LI =7 OBFBMEOREEITERLZENBZD
KB TIEZRE LR o7, FL2 Tix, HREIEC A
U72VRE &5 100.0m i2BWT, A v T R
ICEBREBEHEENSMICEILTRBY, ZORELZR
ELT-.

KST (% 3 (g))

L2 DM@ E 2L, L3 EWA A KICERRL,
FLLIEIEIR K THIE Lz, 24L& bEiKICE Y
KR T &, fL1 TIIKEAR K45 mIE TS
H72 3 E B UBEORIEICB W TCERGEENAREIC
BOE—7 2R TIRELZRE L. L3 TiE, /KEE
Z4m Pl HET &E87= 4~8 [A H OHlE CERISEE
NIEDOE—7 T REZRE L.

ANK (% 3K (h))

%3@%4ﬁymmﬁﬁb,%zklm%m%m
THIEL, L2 13 KICE Y KEAK TS, 1L
1 TIEAKNZEIEAE T EFAHFNEEZ &< LA,

SHE~FLNKZRBSED L) ICBR LT 2
ZELRAED, EREEEOT — X ITRKE R
HRONT, FEEEETEHEKRED ) A XBH D
TORERICEEDORHNPKNETCH 7. L1 OBEE
490 m fHE D EXIREE N & < 72 D LI TR AKEE
MARY]— Lo WBRRKRENEHR LEE LR
Mo,

MUR (& 3 E(i))

L3 A1 OEEIEMA A KICERL, 1D
RESIIARENE K CHIE LTz, 2 ToficHKic Xk
VKEEZIE T SH72. fL3 TIEREETIRE—ED
BRAEELZRL, BBMEO®D L0 BERE(ITR
bW ®, BELRN-T-. KAE (EEH
270 mm) DFLIFTHEfE L 7= 72 OB LUSEE DL
INEL Ipo o REME DL B 2 BN D, FL 1 OEER O
TE AL FLEE R & HEE S5 FLHGE £ 0 23
FE130m i TA U =728, 130 m LRI 1 B
DORIETH o 7=, 97.8m~136.8 m D I JE X [H T A
T TIROBEACE R TIREICOWT, I 2 Tkt
NI TR EZRETHZ LD, ZhbDEELE
SARE LR E LT

KOC (% 3B(j))

ETOAIITIENRK CHRIZEL, L1 OEFTD
HIERFO BTG KIZ LV K2 TIE=., fL3 &2
IR (BRI 270 mm) TOMETH Y, £
FEREFEIT 1~2 [\ & Dotz FL2 OEEBORIEIX
1EIOARTH Y ZAOFBMEZ R TE RV,
A AMW/NEL, BREBEERNADY —7 2R T HE
RN HLNT-DT, ZHSDEELERE L.

NHK (5 3 K (k))

FL3IEIWEA A KICEB L, fL2 & 1 ITHEITEK
THIELEZ. £TOAIFTEHKRKICL D KEEZE TS
e L2 &1 T, < OXBTRIERD LR
OB ESHEEICHBLL, HEKORAIC L DL
fbEXBITE N &, BAeOFHBMEZER T2
WZ R DL BEAMERAROEEDORTEILTE 22
Motz £72, WEEICK 100 m O FEEECHERE L T
D126, L1 DR 325~335 m (T OIEF T EVVE
SAREE O ZAITME AR O %y % & Te Mg K O3
MNZEBH LD EHERI SN D, B ZRTIREED A
TEDH0, MAREEZRE Lo 7

SSK (83K ()

FL3VIWA A KICEBR L, fL2 & 1 IXHEITEK
THE L. 2ToOFTEKICL Y KEEZE TS
7. fL2 &1 TR, BEOREDET IO TIL
HANO R ESBEENMETLTEY, ik
BRI E DR HIE K DT ARG L TS L&
Z5NA. L1 T/ A XL ULRR0R0K XA, 3
~5 [ HOWE CERIBELENGE/RIREIETAD
v — 7 R IRE A RRE LT,

TSS (3K (m))

ATOFHTHA A KICEHR LT-. KEELIZ



AR5 ZFE KA

OWNWTCIE, LEREZEICEELRIALHTHD. 1L
1 Tk, BREBYUENEDOEY— 7 ZRTIREND D
N, BUIRLAEIZLY B —7 OIRENERLS 258
{bZRd. 22T, BXREEEOENT HHEEIT
LK D FREWIZ L » TRIFIICEF L= D &5
Z, FLNKZEWR L 7ZEZICHE L 1 EEOHE
FEERNSEELZBRE L. fL2 TlE, & O%H
NEBRABEE NSRS R L B RmT R, ORI
BN T DT ORELERECTE o7z, L2 T

@mm%fﬁﬁ@ﬁb@_,mﬁﬁﬁfﬂﬁm@
mﬁ KW EBLRRIBEL & ZF OB 2 MR T
kt@,ﬁﬁ@%@@ﬁbk@g%::f@mmé
el LT B, MoBHATHIRERE A i
LTWABR, mfimrﬁﬁi@mmﬁﬁﬁgib
B - TREE S REE THUB KN D IR &
ﬁﬁf%@#oﬂ

MAT (58 3K (n))

ETOHITHA A KIZEB L, KX K
FHAE T EH7~. L1 @ 30~130 m X[ CEXzE
ENEIT D L0 RN ROND R, BEnESe
N THATORELR-T-. Z OELILNE & /i
DOEEEEIC L D28EOBE CILANOBRUZEE
MNILINTZHE N> TWIAEEENRE 2 HILA.
L1 OTEETIE, MR UEIEIX2 EE D20,
A RXPBINENWTZD AT TIRICE TR s T 1%
ERLERELL.

UWA (% 3 X (0))

L3 VIWEA A KICERB L, L2 & 1 ITHAEITEK
THIEL, &2 TOFHTEKIZE D KEAKF S
72, L1 TiE, /A XU E W, KEEZR A
AR FEERICED, MOKLHET/ A XL
DHREARIBIEOAD Y — 7 2Rk T EALDEE %38
ETEE. HZIE, F300m R TIEEIC?2, 3EE
DF—4, £ 300~400 m XL EIC 3, 4B OF—
2 400m LLRIZ 5B H OF — % OEBSAREE DR
{fLIZiEER Lz, fL2 TIIRE TE DIRE Lo 7=,
KA (BEEK 270 mm) DOFLFTEM L7-7- 02k
DA TR o oA REMENE X B D.

52%?@@!;6@&
R E IR IR O B THH A
L—E R L, %mé%ﬂﬂfﬁﬁék%®@f
T - WE - HERTREZRT. ZhbDB%
TS 2L THAMAREDOEEZRDD Z LN
TED., WERBIZPIHEHEED DU LS &K
DL DETOBRNTEINTWDA, HER
BB KRR ERNT 572007 — X B L iR
HriZ 16 B AEEfH IR R ORI 72 > THEIET 5 &
W7o 7=72, BUWIFEIC R E U /=805 TR
FERE I X BT I3 T T, NSZ, ANO, NHK,
SSK O A TEINT=. > T, ZO4BHHDI
DN G L Ta o iz, 728, RIRO L 122D 48]

HAEIZHONWTY, WIBOT VX LT —XZDHDF
o TELT, H4RIRT XD RIEBALERE O
BT =X TN RESNTWA D, EigT — X9
it AHLY 1T o 7=,

¥4 (a)~(h) IZ, NSZ, ANO, NHK, SSK ®
TNFNI2 &1 THOLNZEEREOZIREIEO
VDL (Variable Density Log) F/r &M L7-fE R %
R WSRO T, FIEMTE DK 600us (25 5
NHKSPWRBTREIENDIFEF (KEWIEE T
BRI B O 2 BT D) BA R L—T
H5. FHA4K (a) 1T 600us DALEZRKEITRT. X
HFAEICETOMWIZRBNKBRTRTBEZ Im s
Hom OXENL, A b2 L—EN K - B - HEK
TOREEZRTIREXBCTHY, XKEOFLEREN
FRICRENTWD., BENTFHET D ERTET HIEE
OB E LT, KR EF RN HICHE
1795 VFROWBK Y — &Rk L, WETIEREE
AR T TH Y, #HEMRTILERNENLD D
T =X TR ERNCI E I X% — 2 FRd. H
FRIZX Y b oEEZBRET28I21E, EHFED
THETORKE AR TE, 2o, EEELITH
IR T oLl b Ebon—FRR b b
BRAEL L, HEEEHEKFIXEL LN —H O
:T%Ewkbﬁﬁm X, HEICKDIEREE D

_%FﬁT@%ﬁ#%;f%&w%Aﬂkéﬂa
THD. BIE LR TIEEIC LB KRN IE
#éﬂ%ﬁﬁ%éﬁ,::fﬁibﬁ%ﬁfM%r
TR, bbbl EWEKEDEEZRE LT
bDOEBZEZTWDE. Tz, AHNOr— 7D F
Ui & FLEE DA T, AR LB ZiIc XY
AN LD ENFEEREIND I ERD D
N, BAKMERHOFELEBER LNz, Zhbo
R TG & Lgu.

BB SR TEONIZ ORI Y OBE & LI
WAL 5.

NSZ (54X (a), (b))

L2 1 TixEbil, 2N A ARKRL, F
T RNENAT T LA O3 T O HRE & FE 6 B9/ &2
SCEHE OB & AR ICHERR CTX 5. ESCHEK T
%R T HIENM T O ORI R L L BE TH D .

ANO (4R (c), (d)

2D 100~150m XK DOEET — Z ITMEFESH
TWieho Tz, L2 OZ LSO XTI wBhfhir
LARE D T DARNE 23K I /N SN T2 3D B D7
JEAHWRICHZETE 5. £, BESLCHER T 2R
FTHEHIO A > L— O OEL L TH
L. AL 1 TIEAIENT T LLE O O HRIE 23 FE xS
SR SN DN TN, MO TE
EER DM TH D0, JFEE O @O S R
ARETHD. T, HESCHEMR T 2R 8T
DOEFIE, KEEEROWE L L TBEINLISGE
H5b.



Hi R K 0> 5 1] 0D 3B B IR

NHK (54X (e), ()

FL 2 TIEWIEh I LARE OO 3% F2 O R R A3 FH et LT /)
SWE OGRS IR TX 5. BRSO
TERTOE IO, KEEEOREEE LT
BEINAGEERDHY, b OWETII%HE 4
RBIEIEOIKR T2 R Hm N H 5. Z OREK T 2
DR TOIWERMAHET L2 L LAETH D.
L1 T, L2122 EWEAHELIRED A XH
BB S 503, RAHEOMHIZARETH 5.

SSK (54K (g), (h))

FL 2 TR Eh U LARE O T O HEE 23 FE SRR /N
S, HEEOEBIIMOKEE LY bEEKE 25
HmTH LD, KFEEZARICHER XS, L1
TIEHIEN AT LARE O 3% T D RS 23 8 S LS B8 &
TWDH72, KEENLOWREEEERD, Kt
LWEARH A, HEIZHOWTIE, PIEfHr7E T
7o < Bt BEBIEROIK T2 R T HERH 5 DT,
ZORBIR T OIMELHE L THRINT 2 Z &3
HEThoT-.

53/\1 KO 74+ > VSP I[Z&k %1&H

NA RFa 742 VSP TlE, FLHEZAEE) 55k
HNFET D E, ARTHHENPIRICL D ZOHE
NHTF 2—TWEMENDIERENBEL, EH KL
NTFHIEHET D, FOFa—TEeHit+s2 L
THEKMEAHOBEERDOD ZENTEDH., N K
07 4 VSP ZF T H8HA0E, fLHME S LT
FIEERE CREE R EOMaENTFREIND Z &
R, KEHEHEREE XV L ANCBIR AL O T
HEICET2EROMENRAEND Z LR a5
& LT, TYS, NSZ, ANO, NHK, SSK, TSS ®
6 BUALS (9 FLF) &Iz

5 (a~G) g, TYS (JL2 & 1), NSz (fL2
L1), ANO (L 1), NHK (#L.2 & 1), SSK (FL 1),
TSS (#L 1) D /A Fu 7 4> VSP Oitsk & &HIT
SRR LTZIRE Z 2R d. PEhP 65
ELEFTEORTHIUBETHF 2 —THOBERD
0, BEERENLHDEENT-REE CF2—T7HD
Wk T 5 2 & iR L CRAEREZBET D
ZrlLE 22T 1I0mBREL PN REE T
T a—THEOWORNHERTELIEEHLZE LT
*7-, LN —> 7o T e fLUETIE, L
TAIR P DB L0 F a—TENRRETHZ LN
HDHN, BRKERALEBEBR LW, Zb OB
FEIIRISRE Lo, 7 — U VO FEOFITE 5 X
(h) ODEFUTTRENTWS. TSN TITA—
T O TFmIEKNIR T RES LV bEEMICH .
Tz, FHSK(e) &) ORP CTRE LS EF
BT DN R OEND D, ZHBITFLEN B3
LT a—THOBTHD. B, KETHRT /A
A4 Ra 742 VSPIE, RE 10m 03 SHG LT —
X ZRENRIZI 758k TH H DT, VSPitsk iz

10 m FEIfR CARERENS A 53, T =2—7 OB EE
WIZR 256005, HEMRBEEFRL X OIZ, FFK
W72 P D2 2 B OB U 72 Rk < 3
BENDLD, T TIET a— TP ORAENHE TR
EERELELLDLEEZ TN,

™A KRB 742 VSP TSN DT 2 — 7 HORE
A OJFRKNTFEKRERBREHOIFET T TR ARDOEL
WL DEENGEENDARENSH D Z LIZDONT,
AOEs (1996) <A O - 5 (2018, 2019) & [A]
CEO2BEZ LT, v U —fE s LR
I OREIEA, 2014) 2 AW TERE 1m XEWNOL
BIAC DR AL & A L, Fa—T o
HAEOHE L OXICE R Lz, T ORE, NSZ,
ANO, TSS OB TIE, ThEnofHIcH VT,
Fa—T WA REE L RWVRRE R AR 2 s
ETOMEEHART, Fa—THEORETHETORE
FETEENLD /NS VB ARRDEE 725720,
NSO S TITZTF 2 — 7 OFRAEIT LR
H5.z2 583/ EWE# 272, NHK & SSK Tl
T 2 — T W EIRAE L7 WIEE O F TR O %) AR
ZoElE, FhER, 1.6% & 035% THY, =
LA REREHAR Z S TIREDOITETHRAL
2F a—TERFNFNOBENETIRET S2HY
(NHK : L2 ® 85.5m & FL 1 ™ 330.0m, 433.5m,
SSK: L1 ™ 314.0m, 509.0m, 537.5m), I 5D
WETHAT DT 2 — 7 WITITAREIIC L D E
NEENDAREMENH D, LavL, 2850
BLUANDTF 2 — 7 W ATRE CTIX AR 1.6% F
7212 035% X /&S, Fa—THREAITILE
BAEN G2 5B/ NS VWEEZLND. F,
TYSDFL2 & 1 TlE, VSPZEML/-HQ =7V
THOAFIZTEBNTH v U AS—EE L L7275
Telzdd, ARBREIC L DB R MT 52 &N T
ot UL, FLEEmGIZE » T, Batkof
WNGFETDHZENMRINTEY, Z 2 TR
A K B ATREMEI TRV & B 2 7=

LTIz, S8R THELONZ A K74+ VSP
DFEFRDFHIZ R XD .

TYS (55K (a), (b))

L2 1 OF 2 —T7HEORBEEIE, &bk
100Hz Th 5. L2 OFEfTEND F 2 — 7N E
FROTFHIARIET DL 2R TE 5 2 RE 2R
ELT. L1 TIEERZEE L08R S ol
MR EOEBIZLY, BRT XL/, B
WO MR T D Z E NN GAND D, T 2 —
TN BT R OT FIBET DWW & IR C
EDH3IWELRELZ. L2221 &b, gEP g
NEETHHOEEL I 2— M5 (ERERE) &4
A2 LTV,

NSz (5[ (c), (d)

2 &1 &b, 150~200 Hz F2 5 0 & & o
RLER DS HUS S 4, TRHE E T S/N (signal/noise) @ B



|

WHIE PR Z MR CTX . Fa—TWORERED
MHbEOMETHRETHD. Ik, L1 OBEE
310~380 m X [HIZ BT 10 m Mg THIE P I 5
WEL EFIEBHET2HERRONDD, Zhbix
LHANTBH LR OHE LN, Fr T4 —
TILD TN HIEAEL TWAZ & ZHEHEIICER L
TEBY, HARMERENEEDFIR T,

ANO (% 5K (e))

L1 TR SN RO ENL 150 HZz FREE T H
D, REETSNOBRBWYIBEI P ZMHIHTX 5
F a2 —TWEORAEEREORH S EOFIE TRRETH
5.

NHK (% 5 X (f), (g))

fL2 &1 LBz, 200 Hz F2 0 & 8 o it i
RSN, SNLEFTHY, RMETHEP KA
WRTED., Fa—TWOREREOKRE L &SR
HETHHRETHS.

SSK (5K (h))

L1 CTHAS SN 8kIE, 200 Hz B2 o & & 5K
THY, BEHETSNOBRWYIE P K EZHRTED.
Fa—TEOREREORE S ®mOHIETARETH
5.

TSS (B 5E())

L1 THUSG SN -0 5K EIE 100 Hz IR E TH
5. WIEPENEET DRIOKIEE 2 2 — M 54
A2 LT\, #IEHED S/N I o @M S
L ARTHSGAICIR . Lav L, EE8E CTHIEN P Ik
IR TE, Fa—7HOBREEEOKRE L AIHET
H5.

5.4 BKMEEHDFREDRE

AL CICHBA L L9, AL TIE3>DF
ERWTEKRERAOEE # /M L. HEoFik
2L o TR LIRIRIEICSOWT, K#HScTiE, KO-
ZJR (2018, 2019) E[RAERIC, AT OEXHF LT 5.

) HEFETHRELEZRBEORZEZAD - K
(2019) LRI EHIZHRK25m B2, FTFEICEK
HERFED 2.5 m O THILT 2 HAIE, F—0
WENOHRIH L5, #ERE CIXIEEXBO
DR 2 W T FEEORE L Ilid 5. k&
IR T DM EIRE I XER S EREIC L HIRE
L, BRIZEERE TR L TW WG EITITE
EREORE LT 5.

2) [A—fIHCTHERE L N1 a7+ VSP D
W7 &R LA, WE TE ISR LEEE
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Table 1. Site parameters and the estimated stress orientations. *1: Clockwise from north. *2: Standard deviation of
stress orientation. HF: Hydraulic fracturing stress measurement. BB: Borehole breakout. LT: Long-term trend

of borehole strainmeter data.

Stress Method of

Site Prefecture Latit'L\Jlde Longitude Elevation | Construction orientation *1 S.D. *2 stress

(N) B (m) year (deg.) (deg) measurement

TYS Aichi 35.0405 137.3578 480 2008 74 14 HF
NSz Aichi 34.8442 137.1057 39 2013 33 34 HF
ANO Mie 34.7870 136.4019 163 2010 141 26 HF & BB
ITA Mie 34.4534 136.3129 301 2008 90 15 BB
MYM Mie 34.1123 136.1815 29 2008 73 20 BB
ICU Mie 33.9001 136.1379 28 2007 37 10 HF & BB
KST | Wakayama | 33.5201 135.8363 25 2008 133 LT
HGM | Wakayama | 33.8675 135.7318 120 2007 170 LT
ANK Tokushima | 33.8661 134.6045 36 2008 90 20 BB
MUR Kochi 33.2856 134.1563 62 2008 43 17 BB
KOC Kochi 33.5505 133.5990 5 2008 55 18 BB
NHK Ehime 33.9904 133.3423 2013 160 20 HF
SSK Kochi 33.3896 133.3229 17 2010 72 20 BB
TSS Kochi 32.7357 132.9757 125 2008 73 22 HF & BB
MAT Ehime 33.8422 132.7393 44 2008 54 13 BB
UWA Ehime 33.3859 132.4823 214 2009 96 11 BB
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Table 2. Summary of the depths of the permeable fractures detected by fluid electrical conductivity logging, sonic logging and
hydrophone VSP at 15 AIST observation sites except HGM, depth interval of the permeable zone, and the depth, dip direction
and dip angle of the permeable fractures determined by using borehole wall images at each site ((a)~(0)). The site name is
shown at the top of each table. Both of the depths where multiple orientations were determined and those where no orientation
was determined are included in the table. *1: Depth detected by fluid electrical conductivity logging. *2: Depth detected by sonic
logging. *3: Depth detected by hydrophone VSP. *4: Depth interval determined by using fluid electrical conductivity log or
hydrophone VSP. *5: Depth interval determined from anomalies of Stoneley waves in sonic logging data. *6: Clockwise from
north. *7: Depth detected by temperature logging (only at Hole-2 of TSS).

(@) TYS
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Depth i Lof Borehole TV Depth | L of Borehole TV
Detected depth epth interval o Detected depth epth interval o
Hole permeable zone R . Hole permeable zone R .
(m) (m) Depth (m) Dip direction| Dip (m) m) Depth (m) Dip direction | Dip
(deg) *6 | (deg.) (deg) *6 | (deg.)
23.10 142 73 243.22 20 70
3 23.0 "1 22.5-23.5 *4 1 2436 *1 243.1-2441 *4
23.31 156 74 243.64 176 31
3 246 *1 24.1-25.1 *4 24.63 302 4 251.97 93 10
1 2522 *1,3 251.7-252.7 *4
3 28.7 "1 28.2-29.2 *4 - - - 25216 201 14
3 41.0 1 40.5-41.5 *4 40.69 179 20 254.23 299 32
151.21 85 10 254.34 289 19
151.57 203 6 1 254.7 *1 254.2-255.2 *4 254.56 146 53
2 1516 *13 151.1-1521 *4
151.67 209 22 254.62 174 35
151.86 213 10 254.87 120 65
2 167.8 *1 167.3-168.3 *4 168.19 115 8 32275 212 42
1 3224 1 321.9-3229 *4
2 169.6 *1 169.1-170.1 *4 169.41 241 78 322.88 66 34
193.38 261 69 393.86 348 61
2 193.6 *1,3 193.1-194.1 *4 1 3936 *1 393.1-394.1 *4
193.81 252 11 394.10 93 72
117.00 77 41 41210 19 36
1 1175 *1 117.0-1180 *4 1 4117 A 411.2-4122 *4
117.76 16 15 41219 307 39
159.75 146 32 416.52 300 33
1 160.0 *1 159.5-160.5 *4
160.31 45 10 416.81 302 46
1 167.9 *1 167.4-168.4 *4 168.06 59 22 416.93 295 32
1 417.0 *3 416.5-4175 *4
1 168.8 *1 168.3-169.3 *4 168.88 54 17 417.38 300 46
216.31 334 39 417.39 4 37
216.58 315 48 417.48 329 23
1 2168 *1,3| 216.3-217.3 "4 216.85 107 11 1 4298 "1 429.3-430.3 *4 429.83 283 67
216.88 233 23 44797 247 31
217.16 41 64 448.06 291 49
1 2349 " 234.4-235.4 *4 235.04 55 20 1 448.4 1 447.9-448.9 *4 448.21 240 Eal
448.25 247 45
448.28 0 29
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Depth i Lof Borehole Televiewer (BHTV) Depth i Lof Borehole Televiewer (BHTV)
Detected depth epth interval o Detected depth epth interval o
Hole permeable zone R . Hole permeable zone R .
(m) (m) Depth (m) Dip direction | Dip (m) m) Depth (m) Dip direction| Dip
(deg.) *6 | (deg.) (deg.) *6 | (deg.)
30.87 313 54 1 2527 *1,23 252.2-253.2 *5 - - -
3 312 M 30.7-31.7 *4 30.98 345 62 256.68 163 67
31.34 341 58 1 256.6 *1 256.3-257.2 *5 256.97 215 66
35.66 163 47 257.09 199 62
3 357 "1 35.2-36.2 *4
36.07 178 64 262.29 225 28
62.35 143 42 1 262.2 1 262.0-263.4 *5 262.50 178 56
2 62.8 *2,3 62.1-63.5 *5 62.50 209 59 262.86 170 65
62.56 194 56 270.27 190 60
1 2701 *2,3 269.8-270.7 *5
2 804 "1 79.9-80.9 *4 79.96 224 73 270.33 194 64
2 81.8 *1 81.3-82.3 *4 - - - 1 2900 *1 290.0-290.8 *5 290.40 213 59
89.95 158 30 295.85 23 73
2 899 *23 89.6-90.4 *5 90.03 5 47 1 2959 *1 295.8-296.7 *5 296.41 344 65
90.17 87 72 296.48 348 64
2 1003 *1,23 98.8-101.2 *5 99.92 245 54 1 313.8 *1 313.3-314.3 *4 - - -
2 120.7 "1 120.6-121.5 * - - X 4
0 06 5 1 393.6 *1,23| 393.6-3949 *5 393.96 88 3
133.63 60 394.45 7 71
2 133.3 *1 133.2-1339 *5
133.71 63 1 4018 *1,23| 401.0-401.8 *5 401.17 82 60
154.80 259 61 480.15 259 53
2 1549 *12,3 154.6-155.3 *5
155.22 186 51 1 480.7 *2,3 480.1-481.1 *5 480.36 259 43
168.60 221 47 480.62 251 49
2 169.3 *2,3 168.2-170.4 *5 169.32 174 1 7. 4. 7
693 3 1 537.7 *23 537.2-538.2 *5 537.58 8 0
169.45 210 58 537.99 50 66
202. 2 7
2 202.9 *2,3 202.1-203.4 *5 02.33 0 8
202.70 352 69
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Borehole Televiewer (BHTV) Borehole Televiewer (BHTV)
Depth interval of Depth detected Depth interval of

Hole Detected depth permeable zone L . Hole | by loggings and | permeable zone L .
(m) m) Depth (m) Dip d|rect:on Dip VSP (m) m) Depth (m) Dip d|rect:on Dip
(deg.) *6 | (deg.) (deg.) *6 | (deg.)

20.93 203 58 240.51 6 64

21.06 194 47 240.61 10 65

3 214 *1 209219 *4 21.17 312 37 1 2411 *2,3 | 240.5-241.6 *5 240.73 80 59
21.21 269 36 241.05 254 72

21.27 254 38 24112 250 60

21.52 328 46 1 287.7 *2,3 | 287.2-288.2 *5 287.67 111 73

3 305 *1 30.0-31.0 *4 - - - 289.94 160 54
41.06 316 49 290.10 161 55

2 415 *2 41.0-42.0 *5 41.20 324 59 290.25 182 56
41.34 301 63 290.29 324 45

43.52 358 83 4 2004 23| 28062012 *5 290.34 186 54

2 43.7 *2 43.4-441 *5 43.81 344 49 290.39 334 45
43.90 346 43 290.58 181 61

- 524 *2 518529 5 51.91 10 57 290.69 185 57
52.53 8 71 290.77 350 34

- 555 *2 55.0-56.0 5 55.07 278 57 290.85 196 42
55.25 262 71 292.58 296 4

2 60.8 *2 60.3-61.3 *5 60.33 262 60 292.65 164 46
66.74 272 48 292.79 312 57

66.78 210 34 292.86 304 44

67.03 222 32 293.01 226 55

° 675 * 66.0-69.0 *5 67.16 12 58 1 293.2 *2,3 | 292.4-294.0 *5 293.14 16 48
67.47 146 49 293.34 20 37

67.55 352 68 293.39 8 39

67.60 168 54 293.44 350 36

67.88 2 60 293.57 181 61

69.10 324 43 293.62 4 65

2 69.5 *2 69.1-70.0 *5 69.21 320 54 295.09 342 50
69.57 265 67 295.26 188 63

5 834 *2 80.8-840 °5 82.89 256 72 295.36 187 53
83.76 1 61 295.37 11 70

95.43 354 58 1 296.0 *2,3 | 295.0-297.0 *5 295.99 154 52

2 96.0 *2 95.4-96.5 *5 95.49 353 48 296.28 166 50
95.69 358 61 296.72 159 57

2 104.2 < 103.7-104.7 *4 - - - 296.80 158 64
161.41 286 72 296.86 328 68

2 161.3 *2 160.7-161.8 *5 161.64 234 59 318.75 294 33
161.71 227 56 320.30 259 30

163.38 252 51 1 3204 *2,3 | 318.2-3225 *5 322.15 284 40

163.47 261 83 322.20 298 32

2 1643 *2 163.0-165.5 *5 163.82 268 47 322.24 306 29
164.25 230 47 416.88 180 48

164.33 188 58 417.06 212 40

164.39 358 48 417.17 208 33

2 167.2 *2 166.5-167.8 *5 166.52 282 74 417.40 220 59
2 176.8 *1 176.3-177.3 *4 - - - 1 417.4 23| 41684184 *5 417.49 318 33
2 201.5 1 201.0-202.0 *4 201.99 246 61 417.52 246 41
2 208.4 *1 207.9-208.9 *4 208.06 36 72 417.64 332 45
208.92 330 73 417.68 248 60

209.01 322 72 417.81 232 63

209.39 356 75 417.89 146 81

1 209.7 *2,3 208.0-211.4 *5 209.51 356 76 1 4188 23| 418.4-419.2 *5 418.66 262 49
209.72 12 72 418.84 260 32

209.92 359 64 44473 266 4

210.17 4 66 444.83 97 55

238.68 37 50 1 4463 23 | 444.6-448.0 *5 44515 108 58

1 2389 *23 238.5-239.2 *5 238.85 36 50 446.21 337 56
238.97 16 52 446.38 270 51

447.60 236 42
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Detected depth Depth interval of Borehole Televiewer (BHTV) Detected depth Depth interval of Borehole Televiewer (BHTV)
Hole m) permeable zone Depth (m) Dip direction Dip Hole m) permeable zone Depth (m) Dip direction | Dip
(m) P (deg) *6 | (deg.) (m) P (deg) *6 | (deg.)
487.85 21 43 520.48 187 49
1 520.6 *2,3 520.2-521.1 *5
487.95 4 44 520.64 164 65
1 488.1 *2,3 487.5-488.8 *5 488.14 31 42 522.15 86 69
488.25 358 51 522.49 164 53
488.44 171 61 1 522.6 *2,3 522.0-523.2 *5 522.51 344 69
491.02 80 59 522.64 202 67
491.10 86 63 522.72 147 47
491.27 105 63
491.40 100 57
491.52 92 62
1 492.3 *2;3 491.0-493.6 *5 491.71 86 64
492.53 180 59
492.56 350 48
492.72 124 67
492.80 309 85
493.23 54 70
. Borehole Televiewer (BHTV) . Borehole Televiewer (BHTV)
Detected depth Depth interval of Detected depth Depth interval of
Hole m) permeable zone Dip direction Dip Hole m) permeable zone Dip direction Dip
(m) Depth (m) . (m) Depth (m) .
(deg.) *6 (deg.) (deg.) *6 (deg.)
188.26 214 55 176.46 226 67
188.28 33 69 1 176.4 *1 175.9-176.9 *4 176.76 273 68
188.46 229 40 176.83 288 71
2 188.5 *1 188.0-189.0 *4
188.56 30 72 193.04 142 20
188.64 249 49 193.39 180 33
1 1931 ™ 192.6-193.6 *4
188.89 335 45 193.50 27 82
196.58 289 41 193.54 33 70
196. 4 4 25, 187 47
96.66 %0 0 1 3255 *1 325.0-326.0 *4 82508 8
196.71 305 40 325.74 175 52
2 196.9 ™ 196.4-197.4 *4 196.80 285 42 1 3736 *1 373.1-374.1 *4 373.11 304 53
196.87 305 77 ’ ] ) 373.36 321 52
196.95 292 56 404.76 182 67
1 405.2 1 404.7-405.7 *4
197.16 314 43 405.40 215 76
(e) MYM
Detected depth | D°Pth interval of Borehole Televiewer (BHTV) Detected depth Depth interval of Borehole Televiewer (BHTV)
Hole m) permeable zone Depth (m) Dip direction Dip Hole m) permeable zone Depth (m) Dip direction Dip
(m) P (deg.) *6 | (deg.) (m) P (deg.) *6 | (deg.)
1 2114 A 210.9-211.9 *4 - - - 1 3825 *1 382.0-383.0 *4 382.65 174 70
295.42 187 62 ’ T 382.89 35 61
1 2959 1 205.4-296.4 *4 295.60 165 56 421.23 108 75
295.83 164 61 1 421.7 M 421.2-422.2 *4 421.37 121 76
336.04 160 65 421.65 107 73
1 336.4 *1 335.9-336.9 *4 336.17 334 82
336.31 332 73
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Table. 2. (continued)

(9) KST

i Borehole Televiewer (BHTV i Borehole Televiewer (BHTV
Detected depth Depth interval of ( ) Detected depth Depth interval of ( )
Hole permeable zone Dip direction | Dip Hole permeable zone Dip direction | Dip
(m) Depth (m) N (m) Depth (m) N
(m) (deg.) *6 | (deg.) (m) (deg.) *6 | (deg.)
2 1000 *1 99.5-100.5 *4 - - - 299.41 5 61
1.2 11 67 299.5 1 71
21 z 350 P 1 299.7 *1 299.2-300.2 *4 2:2 9: ?82 o1
.5 5! .
1 31.7 M 31.2-322 *4
31.98 23 67 300.20 194 67
32.04 19 66 1 354.8 *1 354.3-355.3 *4 354.58 180 61
41.70 164 68 421.89 163 72
1 420 1 41.5-425 *4 41.85 171 63 1 4217 M1 421.2-422.2 *4 421.91 33 71
42.15 163 50 42213 185 68
1 1253 "1 124.8-125.8 *4 125.66 137 24 475.72 299 52
1 1456 *1 145.1-146.1 *4 - - - 475.95 5 62
220.2 7 7. 1 476.1 *1 475.6-476.6 *4 476.
1 220.2 *1 219.7-220.7 *4 0.26 36 s 6.05 8 &
220.56 0 75 47617 357 60
476.40 353 59
1 525.3 *1 524.8-525.8 *4 - - -

(h) ANK

. Borehole Televiewer (BHTV) . Borehole Televiewer (BHTV)
Hole Detected depih E:ri:r;;r:g\:gnoef - . Hole Detected depth E:ﬁ:;;";;“’zﬁ(\)'ni PR .
(m) (m) Depth (m) Dip dlrecilon Dip (m) m) Depth (m) Dip dll’eCEIOn Dip
(deg.) *6 | (deg.) (deg.) "6 | (deg.)
29.76 114 60 3 36.2 *1 35.7-36.7 *4 - - -
3 296 *1 29.1-30.1 *4 29.88 119 54 3 384 "1 37.9-38.9 *4 38.50 283 41
29.98 281 54 212.87 1 57
30.98 318 48 213.06 12 53
3 312 M 30.7-31.7 *4 31.16 304 66 213.19 227 62
31.32 285 66 1 213.0 *1 212.5-2135 *4 213.23 12 60
32.13 266 56 213.33 24 63
32.18 270 57 213.40 187 68
3 321 *1 31.6-32.6 *4 32.21 94 62 213.48 0 50
32.40 284 74 1 2656 *1 265.1-266.1 *4 265.88 86 53
32.57 255 64 266.05 107 64
32.40 284 74 1 3115 *1 311.0-312.0 *4 311.62 296 32
3 32.8 *1 32.3-33.3 *4 32,57 255 64 333.36 208 75
32.81 245 66 1 3335 *1 333.0-334.0 *4 333.74 241 69
33.90 54 66 333.88 228 70
3 342 *1 33.7-34.7 *4 3419 265 &1
34.24 1 76
34.69 263 72

Detected depth Depth interval of Borehole Televiewer (BHTV) Detected depth Depth interval of Borehole Televiewer (BHTV)

Hole m) permeable zone Depth (m) Dip direction | Dip Hole m) permeable zone Depth (m) Dip direction | Dip
(m) P (deg.) *6 | (deg. (m) P (deg.) *6 | (deg.

3 18,5 *1 18.0-19.0 *4 - - - 63.92 158 45
3 265 *1 26.0-27.0 *4 26.69 37 36 64.08 0 26
’ T 26.76 81 33 1 644 *1 63.9-649 *4 | 64.40 0 52

49.2: 1 4.52 1 1

1 494 1 48.9-49.9 *4 9.25 o 66 645 0 6
49.51 16 75 64.69 353 33
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Table. 2. (continued)

=

(i)

RA

i Borehole Televiewer (BHTV, i Borehole Televiewer (BHTV;
Hole Detected depth E:r?;i!::tlzr\;zlncg Dip directio:1 D)ip Hole Detected depth E:r?:;;rglznfolln(: Dip direcﬁc”: D)ip
(m) (m) Depth (M) |~ 4eq) *6 | (deg.) (m (m) Depth (M) | " (4eq) *6 | (deg.)
97.37 333 79 1 135.6 *1 135.1-136.1 *4 - - -
1 97.8 *1 97.3-98.3 *4 97.80 97 17 136.55 135 72
1 136.8 *1 136.3-137.3 *4
98.28 337 85 137.20 335 83
1 1279 127.4-128.4 *4 - - - 225.49 118 80
1 131.7 "1 131.2-132.2 *4 131.54 27 22 1 2257 *1 2252-226.2 *4 226.00 109 63
1 133.7 M 133.2-134.2 *4 133.78 156 58 226.13 108 65
1 1346 "1 134.1-135.1 *4 - - -
(j) KOC
i Borehole Televiewer (BHTV, i Borehole Televiewer (BHTV,
Hole Detected depth E:r?;i!l]atlzngn? Dip directio:1 D)ip Hole Detected depth E:rl::;;rglznglnj Dip direcﬁo:] D)ip
™) (m) Depth (M) |~ 105) *6 | (deg) m (m) Depth (M) |~ (deg) *6 | (deg.)
2 1471 "1 146.6-147.6 *4 - - - 2 159.8 *1 159.3-160.3 *4 - - -
2 148.3 *1 147.8-148.8 *4 - - - 2 170.2 *1 169.7-170.7 *4 - - -
2 158.0 *1 157.5-158.5 *4 - - - 2 172.0 *1 171.5-1725 *4 - - -
(k) NHK
. Borehole Televiewer (BHTV) . Borehole Televiewer (BHTV)
Hole Detected depth E::::;;’:g‘g‘n(: e . Hole Detected depth E:rﬁr;;rl]:l‘zn;ilnf e .
(m) m) Depth (m) Dip dlrect*uon Dip (m) o Dopth (m) Dip dlrect*uon Dip
(deg.) *6 (deg.) (deg.) *6 (deg.)
3 334 *1 32.9-339 *4 33.71 148 44 1 3207 23| 82823304 5 328.56 250 77
3 352 *1 34.7-35.7 *4 - - - 329.70 1 62
2 68.0 *2,3 67.3-68.3 *5 68.30 346 82 1 3424 *2,3 | 341.8-3429 *5 342.27 259 77
2 85.0 *2,3 84.4-86.1 *5 85.23 86 43 360.07 277 83
5 1300 *2.3 128.9-131.0 5 129.36 57 60 1 360.4 *2,3 | 359.1-361.8 *5 361.63 238 66
129.67 47 59 361.71 219 63
2 138.2 *2,3 137.0-139.0 *5 138.32 102 74 1 433.7 2,3 432.2-435.2 *5 432.76 69 67
2 172.0 2,3 171.2-172.6 *5 172.22 49 74 491.38 115 58
1 2044 23 203.8-204.8 *5 204.53 189 61 1 4918 *2,3 491.2-492.2 *5 491.74 165 49
1 217.7 23 217.0-218.4 *5 217.66 161 75 491.95 141 46
1 2773 23 276.4-278.2 *5 277.34 213 69 1 511.7 23 510.8-512.7 *5 512.01 125 83
1 295.7 *2,3 295.2-296.2 *5 295.91 161 68 1 5230 *2,3 501.4-5245 *5 521.53 307 82
296.49 151 65 521.97 117 86
1 297.0 23 296.4-297.5 *5 296.54 331 65
296.92 150 52
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Table. 2. (continued)

() SSK

i Borehole Televiewer (BHTV, i Borehole Televiewer (BHTV,
Detected depth Depth interval of ( ) Detected depth Depth interval of ( )
Hole (m) permeable zone Depth Dip direction | Dip Hole m) permeable zone Denth Dip direction | Dip
(m) ePth (M) |~ (deg) *6 | (deg.) (m) ePh (M) | Geg) "6 | (deg.)
33.26 339 33 159.61 174 43
33.43 165 53 159.67 167 46
3 337 *1 33.2-342 *4 33.89 316 70 2 160.2 *2 159.6-160.8 *5 159.79 165 43
34.12 321 64 160.54 128 71
34.18 328 62 160.70 123 63
2 334 *2 32.8-34.0 *5 - - - 185.10 333 15
2 185.7 *2 185.1-186.2 *5
46.64 73 25 185.21 315 23
2 485 *1,2 46.5-47.7 *5 46.69 71 55 195.00 18 70
47.20 190 70 195.16 159 55
2 571 *2 56.5-57.7 *5 56.58 149 62 195.42 1 44
2 780 *2 77.5-785 *5 77.56 330 48 2 196.1 *2 195.0-197.2 *5 195.80 328 64
81.58 40 43 195.94 337 56
2 821 *2 81.5-82.7 *5
81.66 13 48 196.27 332 61
2 842 *2 83.8-84.6 *5 84.23 170 61 196.51 159 54
2 885 *2 88.0-89.0 *5 - - - 208.03 308 62
2 208.0 *1 207.5-208.5 *4
2 913 *2 90.7-91.8 *5 90.82 18 41 208.12 303 62
92.36 259 38 207.42 25 48
92.53 85 53 1 2079 *2.3 207.3-208.5 *5 207.48 38 40
92.90 58 52 207.55 40 38
93.02 11 59 208.82 112 35
93.10 340 47 209.34 5 61
1 2094 *23| 208.8-209.9 *5
93.25 73 46 209.36 170 29
93.44 349 50 209.38 5 61
2 940 *2 92.3-95.7 *5 93.52 348 55 260.02 157 49
93.66 74 50 1 2605 *2,3 260.0-261.0 *5 260.28 194 69
93.75 44 48 260.44 208 53
93.93 6 48 1 2771 *2,3| 276.6-2775 *5 - - -
94.07 349 43 3083.59 345 41
1 304.0 *2,3 303.5-304.5 *5
94.29 351 39 303.88 0 32
94.37 344 50 312.48 179 71
94.74 299 52 312.54 359 75
1 3140 *1,23| 312.0-314.0 *5
99.70 264 54 313.13 180 69
2 98.4 *1,2 99.7-100.6 *5
100.27 151 67 313.13 0 76
2 1055 *2 105.0-106.0 *5 105.88 322 38 334.25 141 53
106.75 300 53 334.52 45 72
1 3345 *23 334.0-335.2 *5
106.79 136 54 334.58 38 48
2 107.3 *2 106.5-108.0 *5
106.86 320 49 334.68 336 61
106.94 312 46 337.00 320 51
112.16 280 36 337.10 312 58
2 1127 *2 112.0-113.3 *5 112.60 277 54 337.33 311 57
1 3375 *23 336.9-338.1 *5
112.90 261 48 337.38 312 49
115.01 346 32 337.52 311 54
115.09 32 31 337.61 316 47
115.21 261 21 1 3496 *1 349.1-350.1 *4 - - -
115.27 310 32 364.07 207 45
2 1156 *2 115.0-116.2 *5
115.36 322 35 364.11 57 68
115.56 218 44 364.16 219 48
115.81 144 76 364.23 193 54
116.08 295 72 1 364.7 *1 364.0-365.5 *5 364.30 188 51
118.32 334 48 364.47 130 62
2 1189 *2 118.3-119.5 *5
118.42 338 36 364.54 125 71
126.06 19 55 364.80 316 63
126.28 353 58 365.39 127 57
126.35 356 52 425.80 299 52
2 126.8 *2 126.0-127.5 *5 1 4264 *2.3 4255-427.3 *5
126.40 351 53 427.28 136 27
126.44 138 86 1 440.0 *1 439.5-440.5 *4 - - -
126.67 324 73 1 449.0 *23 448.0-450.0 *5 449.24 345 60
155.68 146 64 1 561.8 *2,3 561.0-562.5 *5 561.37 350 43
2 156.3 *2 155.5-157.0 *5
155.75 144 63
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Table. 2. (continued)

Depth i Lof Borehole TV Depth | L of Borehole TV
Hol Detected depth erprrt] |r:)t|er\;ano Hol Detected depth e:::] mbtlen;a no
ole (m) pe ee(lm)e one Depth (m) Dip direction | Dip ole (m) pe e?m)e one Depth (m) Dip direction | Dip
(deg) "6 | (deg.) (deg) "6 | (deg.)
61.41 244 54 211.05 143 60
61.71 238 14 211.07 317 31
3 617 "1 61.2-622 *4
61.92 337 64 211.23 285 35
61.97 188 32 211.40 290 27
82.53 166 30 211.43 300 24
82.84 317 62 2 2114 *7 210.9-211.9 *4 211.47 290 16
82.88 149 13 211.62 337 42
3 829 *1 82.4-834 *4
82.94 159 7 211.71 324 35
83.01 133 16 211.74 169 34
83.29 274 4 211.79 322 35
101.19 320 41 211.87 312 29
101.22 316 46 244 .86 267 69
3 1015 "1 101.0-102.0 *4 101.39 154 45 24499 266 57
2 245.0 *7 2445-2455 *4
101.42 132 37 245.01 214 87
101.46 296 16 245.19 320 46
131.51 153 77 1 875 3 87.0-88.0 *4 - - -
132.06 165 82 1 96.5 *3 96.0-97.0 *4 - - -
2 1320 77 13151925 74 132.18 157 78 163.71 180 18
- 1 164.0 *1.3 163.5-164.5 *4 -
132.22 155 79 163.80 265 40
170.27 242 23 229.89 325 25
170.33 207 51 1 230.0 *3 229.5-230.5 *4 229.97 347 27
170.58 338 40 230.05 107 39
170.63 248 9 319.06 2 30
2 1706 *7 170.1-171.1 *4
170.79 185 78 1 3195 *3 319.0-320.0 *4 319.89 139 70
170.82 310 22 320.00 3 37
171.01 284 19 1 418.0 *3 417.5-4185 *4 - - -
171.06 319 18 475.85 228 34
2 190.0 *7 189.5-190.5 *4 - - - 1 4755 *3 475.0-476.0 *4 475.93 213 55
2 2022 *7 201.7-202.7 *4 202.18 143 28 475.94 342 75
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Table. 2. (continued)

(i)

Depth interval of

Borehole Televiewer (BHTV)

Depth interval of

Borehole Televiewer (BHTV)

Hol Detected depth ermeable zone Hol Detected depth ermeable zone
oe (m) P m Depth (m) Dip direction | Dip © (m) P m) Depth (m) Dip direction Dip
(deg.) *6 (deg.) (deg.) *6 (deg.)
16. 1 1 433.0 1 432.5-433.5 *4 433.21 27 4
3 17.0 *1 165175 *4 6.68 33 38 33.0 32.5-433.5 33 3 3
17.36 166 35 435.81 246 32
1 4354 *1 434.9-435.9 *4
19.34 306 73 435.88 224 40
19.54 126 30 1 4413 1 440.8-441.8 *4 - - -
19.57 120 27 1 460.7 *1 460.2-461.2 *4 460.79 94 49
19. 114 2 471.2 121 41
9.60 8 1 471.0 1 470.5-471.5 *4 o
19.61 118 26 471.49 81 40
3 19.8 *1 19.3-20.3 *4 19.80 128 26 485.34 136 40
1 485.3 *1 484.8-485.8 *4
19.85 118 30 485.47 300 20
19.95 128 26 1 487.8 *1 487.3-488.3 *4 - - -
20.01 132 30 1 492.7 1 492.2-493.2 *4 - - -
20.03 142 26 1 4943 1 493.8-494.8 *4 - - -
20.22 174 66 1 496.8 *1 496.3-497.3 *4 496.95 158 41
190.81 10 43 501.32 169 27
1 501.2 1 500.7-501.7 *4
190.99 212 52 501.41 213 35
191. 41 4 1 13.5 ™1 13.0-514.0 *4 13.51 14 2
5 1912 1 190.7-191.7 *4 91.05 3 0 513.5 513.0-514.0 513.5 5 5!
191.15 251 55 1 517.0 “1 516.5-517.5 *4 - - -
191.31 88 40 1 521.2 *1 520.7-521.7 *4 521.36 120 38
191.61 267 55 524.65 5 50
394.26 146 32 1 525.0 *1 524.5-525.5 *4 524.73 95 27
1 3944 393.9-394.9 *4 394.51 125 4 525.47 261 46
394.72 324 64 527.58 196 40
1 527.7 1 527.2-528.2 *4
398.50 325 38 527.77 2 65
1 398.8 *1 398.3-399.3 *4 398.93 232 48 560.97 170 14
399.08 252 44 1 561.0 *1 560.5-561.5 *4 561.09 188 17
1 416.6 *1 416.1-417.1 "4 416.71 186 50 561.21 220 20
1 426.3 *1 425.8-426.8 *4 426.45 59 4
i Borehole Televiewer (BHTV, i Borehole Televiewer (BHTV,
Detected depth Depth interval of ( ) Detected depth Depth interval of ( )
Hole m) permeable zone Denth Dip direction | Dip Hole m) permeable zone Deoth Dip direction Dip
(m) epth (M) |~ (4eg) "6 | (deg.) (m) epth (M) |~ (heg) "6 | (deg))
3 14.4 *1 13.9-149 *4 - - - 452.38 348 51
1 4523 *1 451.8-452.8 *4
3 222 M 21.7-22.7 *4 - - - 452.72 358 56
205.62 2 4 472.07 4 44
05.6 80 8 1 4724 1 471.9-4729 *4 0 83
1 2055 *1 205.0-206.0 *4 205.64 320 40 472.11 342 50
205.66 195 69 1 4929 *1 492.4-493.4 *4 493.38 8 53
1 2433 *1 242.8-243.8 *4 - - - 514.54 26 44
285.09 341 57 1 515.0 *1 514.5-515.5 *4 514.80 190 75
1 285.4 *1 284.9-285.9 *4
285.70 334 56 514.80 335 25
1 305.2 *1 304.7-305.7 *4 305.06 190 48 1 522.3 *1 521.8-522.8 *4 - - -
362.76 169 70
1 362.4 *1 361.9-362.9 *4
362.84 163 70
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Table 3. Summary of the number of permeable zones, permeable fractures (FP) and all fractures (FA), correlation between strikes of FP
and stress orientations, correlation between strikes of FP and FA, average strikes and standard deviations of FA and FP and
characteristic orientations of geological structure at each site. O : dominant strikes of FP correspond to stress orientations within
about 20 degrees. A : dominant strikes correspond within about 30 degrees. X : dominant strikes differ by more than 30 degrees
or the strikes are rather dispersed. The correlation coefficients are divided into four levels of more than 0.7, less than 0.7 to 0.4,
less than 0.4 to 0.2, and less than 0.2, which are denoted by @ , O, /A, X , respectively. At the sites where the strikes have a
bimodal distribution, the two strikes that have the predominant frequencies are shown in parentheses in the column of average
strike. *1: Clockwise from north. *2: Two predominant strikes for reference purposes only.

Correlation

Orientation of

Number of | Number of Correlation . S.D. of Average S.D. of )
i . Number of all between ; Average strike . X X geological
Site region | permeable permeable . . between strikes +. | FA strike | strike of FP | FP strike
fract P fractures (FA) |orientations of FP £ EP and FA of FA (deg.) *1 d ” " d structure
zones ractures (FP) and stress of FP an (deg.) (deg.) (deg.) (deg.) *1
1
TYS 23 51 1773 49 52 51 45
x x 0.08) (35, 155) 2
NSz 23 42 3964 X A (0.35) 75 45 105 36 80
: (75, 165)
106 84
ANO 33 137 4140 48 49 90
x O ©.69) (85, 155) (95, 175)
ITA Achi 7 26 2962 0.08 107 45 61 49 100
. * x (0.08) (125, 35)
Kii
37 66
MYM 5 11 2466 45 32 90
o O 04 (5, 75) (75, 15)
ICU 11 23 2263 X © (0.86) 92 38 88 21 45,90
157 175
KST 11 32 4331 . 53 42 160
x x (0.06) (165, 75) (15, 95) *2
HGM 2722 99 36 - 90
ANK 4 9 1515 O O (0.63) 87 40 99 28 90
45
MUR 8 10 2461 38 26 31 60
A A 0.29 (15, 65) *2
KOC 6 2347 85 45 90
43
NHK f 1 27 77 4 7
Shikoku 9 3893 X A (0. 35) 8 (75, 145) *2 50 0
SSK 36 112 3406 A © (0.83) 69 30 68 38 70
TSS 16 54 5262 A © (0.72) 44 46 54 38 45
MAT 24 48 4370 O A (0.25) 65 40 41 45 45
UWA 12 16 5931 (@] © (0.73) 77 38 79 21 70
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Fig. 1. Locations of the 16 AIST integrated groundwater observation stations, southwestern Japan. Sites are shown on the
Seamless digital geological map of Japan 1: 200,000 (Geological Survey of Japan, AIST (ed.), 2020).
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Fig. 2. Stress states obtained by using hydraulic fracturing stress measurements at TYS, ANO, ICU and TSS. (a) Maximum (red circle)
and minimum (blue square) horizontal compressive stresses at TYS as a function of depth. The black line indicates the
overburden stress estimated assuming the average weight density of core samples. The red and blue broken lines are linear
approximations of the values of the maximum and minimum horizontal compressive stress, respectively. (b) Depth distribution
of orientations of the maximum horizontal compressive stress at TYS. The average orientation is denoted by the broken line. (c),
(d) Stress state at ANO. (e), (f) Stress state at ICU. (g), (h) Stress state at TSS. Explanations of the figures are the same as those

in (a) or (b).
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Fig. 3. Repeatedly measured data of fluid electrical conductivity loggings at 15 sites except HGM. The results of Hole-3,
Hole-2 and Hole-1 are shown from left to right. Site names are shown at the top of figures, (a)~(0), respectively.
The detected depths of the permeable fractures are denoted on the right side of the figure.
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(f) (continued)
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Fig. 5. Results of hydrophone VSPs at TYS, NSZ, ANO, NHK, SSK and TSS. Red arrows indicate the depths of the
permeable fractures. (a) Hole-2 of TYS. (b) Hole-1 of TYS. (c) Hole-2 of NSZ. (d) Hole-1 of NSZ. (e) Hole-1
of ANO. (f) Hole-2 of NHK. (g) Hole-1 of NHK. (h) Hole-1 of SSK. (i) Hole-1 of TSS.
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Fig. 6. Typical examples of BHTV images around the detected permeable zones. Travel time and amplitude images of BHTV,
fracture shapes indicated as sinusoidal curves and arrow plots for dip directions and dip angles of the fractures are
shown from left to right figures. The position of the arrow's head and the direction of the arrow indicate a dip angle
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Fig. 7. Distributions of the orientations for all and permeable fractures at 16 sites. Site names are shown at the top of the
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respectively. The left figures are lower-hemisphere equal-area projections of the poles to fracture planes, the center
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Fig. 8. Frequency distributions of strikes of permeable and all fractures at each site. Angles are between the strikes of fractures and the
stress orientation at each site. Site names are shown at the top of each figure. The interval of the angle is 5 degrees for obtaining
the frequency distribution. Positive values in the horizontal axis indicate the clockwise direction from the stress orientation. The
vertical axis denotes the ratio of the frequency of fractures to the total number of fractures. The frequency of permeable and all
fractures are shown by red and black lines, respectively. Only the frequencies for all fractures are shown in HGM and KOC. The

results of the sites located in the Aichi - Kii and the Shikoku regions are divided into right and left frames, respectively.

71



Shikoku

SSK

40

@
S

Fracture frequency (%)
3 8

ANK

40

@
S

Fracture frequency (%)
3 3

© 50 60 4026 0 20 4 60 80
Angle between fracture strike and
stress orientation (deg.)

TSS

40
30

20

Fracture frequency (%)

0
-80 -60 -40 -20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

MAT

40
30

20

Fracture frequency (%)

0

0 5660 4020 0 20 40 80 80
Angle between fracture strike and
stress orientation (deg.)

MUR

40

Fracture frequency (%)

0 b

-80 -60 -40-20 0 20 40 60 8
Angle between fracture strike and
stress orientation (deg.)

NHK

Fracture frequency (%)

Fracture frequency (%)

Aichi & Kii

KST

40

TYS

@
S

n
]

=)

0

40

30

20

Fracture frequency (%)

80 -60 -40-20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

ICU

40

@
<]

N
S}

o

056766 40 20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

NSz

40
30

20

Fracture frequency (%)

0
-80 -60 -40-20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

MYM

0
-80 -60 -40-20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

ANO

80 -60 40 20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

UWA

I
S

@
S

o

Fracture frequency (%)
N
5

40 40 40
S S S
&;30 °;30 g>‘/30
o o o
2 2 2
] ] El
g 20 20 g 20
L 1 4
e < <
5 5 5
g 10 S 10 B 10
S S o
= - - :A*w—r'

0 0

80 60 40 20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

KOC

40
30

20

Fracture frequency (%)

r—w"”'_/_r‘

Fracture frequency (%)

05060 40 20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

HGM

80 -60 40 20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

ITA

40

30

20

40

30

20

e

Fracture frequency (%)

0
-80 -60 -40-20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

086760 4020 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

0
-80 -60 -40-20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

0
-80 -60 -40 -20 0 20 40 60 80
Angle between fracture strike and
stress orientation (deg.)

%9

BERE & R D B IRE 10 £ L L7236 OME A, Ko RIJTIEE 8

& [AlRR.

Fig. 9. Frequency distributions in the case of the angle interval 10 degrees. Explanations are the same as those in
Fig. 8, but for the angle interval.
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Fig. 13. Correlation diagrams between the strikes of permeable and all fractures at 14 sites. The horizontal and the vertical
axes are the frequencies (%) of angles of all and permeable fractures, respectively. The angles are between the stress
orientation and the both of the fractures. The angle interval is 10 degrees. The correlation coefficient is shown on the
right side of the site name in each figure. The classification of sites into two regions is the same as in Fig. 8.
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Fig. 14. Distribution map of the rose diagrams showing frequencies of the strike of the fractures at all sites. (a) Permeable fractures.
(b) All fractures. Stress orientations (red arrow) and the characteristic orientations of the geological structure (blue solid
line) are also shown at each site. The size of the rose diagram in (a) and (b) is proportional to the square root of the
maximum number of rose diagrams in each figure, respectively.
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Fig. 15. Correlation diagram between the average strikes of all fractures (FA) and permeable ones (FP) of all sites. The
horizontal and vertical axes are the average strikes of FA and FP, respectively. Orientation angle is clockwise
from north. The black and white circles indicate the Shikoku and the Aichi - Kii sites, respectively. At the sites
where the strikes have a bimodal distribution, one of the two strikes is chosen to plot to have a better
correspondence between the vertical and horizontal axes, instead of using the average strikes.
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Fig. 16. Correlation diagram between the standard deviations of the strikes of all fractures (FA) and permeable ones (FP) of all
sites. The horizontal and vertical axes are the standard deviations of FA and FP, respectively. The black and white
circles indicate the Shikoku and Aichi - Kii sites, respectively.
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Fig. 17. Correlation diagram between the average strikes of all fractures (FA) and the characteristic orientation of the
geological structure of all sites. The horizontal and vertical axes are the average strike of FA and the orientation of
the geological structure, respectively. The black and white circles indicate the Shikoku and Aichi * Kii sites,
respectively. Orientation angle is clockwise from north. At the sites where the strikes have a bimodal distribution,
one of the two strikes is chosen to plot to have a better correspondence between the vertical and horizontal axes,
instead of using the average strikes.
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