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Overview and results of geophysical loggings at two boreholes of AIST
integrated groundwater observation station in Ayagawa Town, Kagawa
Prefecture, southwestern Japan
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VIETRE - KLATFZEERPY  (AIST, Geological Survey of Japan, Research Institute of Earthquake and Volcano Geology, kiguchi.t@aist.go.jp)

Abstract: We show an overview and analysis results of the geophysical loggings conducted at boreholes
in Ayagawa-Sembiki observation station, which was constructed in Ayagawa Town, Kagawa Prefecture
in FY2022, as part of the AIST integrated groundwater observation network for monitoring the Nankai
Trough megathrust earthquake. Nine types of the loggings were carried out in two boreholes with depth
up to 334 m. The main results from our analysis of the entire logging data at this station are as follows: 1)
The P-wave velocities through sonic logging were higher than 5.0 km/s at most depths of around 60 m or
deeper. When we compared them with the P-wave velocities obtained at the boreholes of the AIST
seventeen observation stations, the largest P-wave velocity was observed at this station. 2) The depth
intervals of relatively high permeability were identified by the comprehensive interpretation of sonic
logging (Stoneley wave analysis, P-wave velocity), electrical logging, borehole image logging and other
loggings. We determined the depth range of strainers for water level observation from the permeable
intervals. 3) The frequency of the strikes of all fractures detected by the imaging tools were predominant
in two different orientations, ENE-WSW and NNE-SSE, after applying the dip angle correction. These
dominant orientations roughly correspond to the strikes of the active faults and the valley topography in
the vicinity of the station.
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N —F & ET HWEOME XL akod T
IS WBAKER B D Z RO HND. LI
WNOBEKMEZ IS 2 FiEE LT, i E TIoEE
U728 TIELL O ALHNRIE %2 Fhi L T\ 5.
2006~2013 428 i L 7= 16 OBLAILE TlX, BXAE
BACKRTE, N R 7+ VSP, ERE (A~ L—
WfEHr) O3 o0 FEEEH L Oko - £IF,
2021b). Zi b FEEOALEMT & LT, BRI
Rig IRl E LT ToBRR ToOEE TE LT
FEARM2TFHETHY, A K742 VSP EHEER
JED A kv L — IR IZIR & A 7 B A D I TRl 52
IS L7z, F£72, HEJIFEBE A TIE, Bk
KA RE - ERCEEREEEBL, A M L—
WO R LS L OkOlE)y, 2023).

552 ABAmTHERALERET—42
ABRETIE, ZHETOBRSEE R, HiE
IKDFEILE D b O O FHA A "I HE 72 & KA B R g <2
HJE o AT AR D 43 AT A E S D R SRR R
72 8 OFKMETEM O 723 O FEAR M) 72 F1E % FhE L 72
WODT, EAKRMEEBEEMT S EDRRETHD.
IO, ZIVETOBRPS CTEARMERAMICHEH L
DB DHEEREDOA N L—ERNTIIMA T,
B OO BEIR0FE R —, KL ENRFIET S
BAECEACOBRHNAREL DB L LT, EXM
&, HERE (PR, FLEEEGRE, Fx U/ —
miE, BERBICEHL, ZnboREREEZRE
EICHRIR L, AERTESIC & W B AME 2 A 5 TR X [
kDD IerE Uiz,

553 1DRML—FREIDRE

L1DOA ML —FKEOREICHN = BET — ¥
LT, T, HERBNALEONI-A ML
ZERIRET DI &AW ANLT SV EE 16 XIR
T AHNEBIET DENEOR N —iE, A0
ZJE(2021b) AT 5 X 9, AR B EK
PERHCTEKY — U DNFAET HIRE T, K& - B -
K e E ORI e BLE R T OT, ZhbH0
BA 2w TIRIE 2 W T, @A RESHE K —
DWEEERDD ZENTE D, 2L, BEAMEE X
BAGR D72\, R OB E BN EAL T D R
NEALT HERERETH A by b= R IEE
A HRTAREMEN D D Z L ICHEET HLER D H.
BI6 DA N L—IE O CTlE 283 m i) 5 B
WR72 VBRI RS — 2 e m T SRR AE L TR Y,
F 7oA CREE T TR A2 b VIR %2 B
T HREKROE RS PO ART SAD T T —
FRlE, FEEICBTDEEOREE T & ORERE
REEH T AR T, 2 ORELIANClE 200~210 m {131
WK N R D0, Zhbidr—v 7o
THaeZ DOE T OFLRIERDEALDFETIHA L T
WAHRREMENZ 2 b D . RIS, # 11 HoESEE
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D PO FE R TIE, 275~285 m T TR HEHL D
BHREREBLEZRLTEY, ZOXMICHREE
B KMERADFAE LTz 0 FLIFT R U K 3 AR kY
WCE L FET D AR H D, £z, 278~280m &
283 m i T, WEME I X A (B 124) & v
U R—BBIC L HHEDIK (B (b)) NR
S, B OO BRSO DMFET 5 Al REMED R
BNz, LLEDG, 275~285m Tt a4 s LT
FedEpi AL BEm g (XRMI BiE) 12 & 2 fLBE ]
% % He R 9 5 L, 2763 m, 276.8m, 280.0m,
282.9 m OGFEEIZHMR 2 BA (BRMAREDZ > 7 2,
FRt) DFEL, ToMicbE oz (57 3,
H) BT HZENbhotz (5 17X). &%
DT DHFEIZHONWTIE, 5.6.1 HiTHHAT L. &
17 X O FLEEE G T O H ik & 5%, gy — L oE
MRS FLEER I NR—TEFTA A= T ENRho Tz
HAZE®WT . ZhHDbDBHENA N L—OZE
(LRI 720 & ORI & R TIRIK & 72 0, FIRTHY
CEWBAMEE AT D AR N S D EE 2T ek,
IBERE T, 275~285 m fFUT TIRE DD ZkiX
Ronipiotz. £72, L1 TIE 200~314 m DX [#]
TETN~—RTORMEIZIT 72D T, B
HICBITTDIRKS 7 OKMEBRNGELND KD
TRREAM 72K - K O A R T E 72 o 7223,
280~285 m - U1 O Hif; Bl RF L2 955 K 23 B 2N L 7=
(FI140L/45) Z &0, Z OUEEEAE CFEANMEN
EWRZNGEET D Z LN RYIFED T — 2 5 b #]
FFCE 5. BAKREIL, BHITICEMRZERICE Y LN
KEH FIZHEAK LK EDBHEE Lz, UL RO R
W2 LY, 275~283 m T & KALAR AN 3 L 7R &
Bz, TOWEEELLIIC, ARL—TOREK
W% 2742~2844m ERE L=, 72k, A ML —F
DOFEIEEITIL, ALHEPNICILEM TS5 54m &
DIr— U T ERIBICIEAT D L& OME B ORE L
TARIKIN DD, AN —F ORI DOEEL G DT
AV FOMRDYICHRERELZOT, HiEKE
KT D FPHIIHD I S X R D 268.0~291.8 m &
"D,

554F2DA FL—FREDRE

L2150 T, A ML —EDOWE & BRI A~
7 kv (B 18 X)) 735, 103 m A543 o AR 7 S5 -
P, 127~128 m AFUT OB 2285« ERREN & 55
NS, 139~140 m £7 3T O 55 WO B8 - IR,
173 m fHE DTG - B 72 & O RS E R 1R
JEREWEKEE BT HREOHEME LTEZ LN
2. INHBEEEZFRLE L TERMEICE D IHEH
DFERZMERT D &, 127~128 m FE i b BEE 7R
KO 2R T2 LN, Z oKL
OMEMNE 134 m FFTE TRV TS L HICR 25 (5
11 %), ZOWEMTIE, wEMREIC X DIEEE (5
2K) Fv U AA—RBEICXLIBEDIER (FEIX
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(d)) bROHND. FLEEEETIE, 127~134m DX
MICEEOBANGFET S E1I9K). £/, 5.2.1
BCTHBH L X2, 127mAHiEicix2 B A ORE
MBI L DEENROEMEN DY, ZOEEEL
X127 m AHED B HEKPE KT S Z & THATE
Db L. AL —HROKREE AT
103 m 300 C b BB 72 A DNAFAET D 2 & 3 FLEE
BN ORERTETD, 2 DT v~ — Y
12, 118~127m KM TH L EAKEREMLE (8
230L/4y) Z & bR CRMETLIERER, 127~
128 m A5 0T 23S FE 69T i W KM 2 A LKA BN
BHMULIIEEELEZ-. COEEXE LI,
2k L—F OWEEXM A 125.0~1352m & RE L=,
WA FEX ML 119.6~1415m TH 5. 72¥, FLEE
EBOFE L TORLES1TRKEFH 19 XTIE, &b
A2 B e LTHBELET 7 1 o8 Rt)
NEENTNRNEZD, 32508 THT 7 OB
ZETedl 2 OV 115~120 m O X[ o FLEE 15 2 55
20 X2~

L1 EH21E, AL —FHBRICILNEGT T
DA ML —FKMIAKFR 7 E2FET L
WK EIT-oTZ. FL1L EHL2ICBWT, TR,
Pk E 12.6 L/ 43 T3 HIHE], H7K&E 16.0 L/ 43T 6 H[H]
AR Z AR D 72 3 B K & ke T & 7=, K
BOH A ML —F XM OFBKMEZFHNT 5 2 &L
LW, ERROEKETHEGE KN ATEE L b 7200
DOHJEKNA N L —F KB OMEIZFET D ES X
%. 728, HE)IFESHLR COHKRBOHKE
IZ0.1~1.0L/ R & RBIHIA LD & 1~2 477
<, BAKRRBRD S PRI H OB K EREITHK
1~3x107 m’/s L IKBEAMZ RIET HIEVMETH - 7=
kBiEns, 2023).
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56.1 FLEEZRREBICL2B8HDFEATY

ABLW A TIE, FLEEmGMSE & LT, L1 @ 201
~314m XM EFL2 (34~200m) TILHHH T FLEE
e (XRMIFRJE) %, L1 O 314~334m [X[H
TIEIBHTV (R7A—LTFL b7, BEEX) %
TNENEH Uiz, 2 fEOMRE &2 L7-B il
HIERDOBENTH D, FL 1 D 314~334 m X[ OHH]
1T 123 mm TH D720, VY — /AN 127 mm
@ XRMI frfg i T3, /INMLEROFLIH CHEH AT
REZR BHTV #fEf L7=. —J7, .1 ®201~314m
X EFL2 OmEIRIE, ZF1279m & 270 mm
THY, THHDORKREIWILETIE, BHTV O#BFIE
23— L L FLBERT O FLIN K R TR L W EE O
T PRGTERVATREENH D7D, 153~
533 mm OHEHIEE Tl T& 25 XRMI #iJE &2 L
7.
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{5 0> & R & we A B o 7o, LI 2 AEY) 2 fE A
U7 o R E e m b, FLEEmifG Tl A v h—7
DB TERENDDT, A T—T DR Z L
BEWE ) B HEAEY , Z OFR D & AR O[] &
TR ERNGAL EEAEME 2R T — R, FLEE
g EORER R, BEFIFMERERICHET
T DM, AREHAETIE, 940 m DIEIIAE REIEE
5 2 L LK 40 m AT O RVEREE & AE RS O HiE
BER A/ RTREGENS R DN b, AEH
ML CHH R > e A B mEITE T, FLIF2R0 5 6%
L7z 7B, FL1 &L 2 CHLUEEEG N E O W ERE
EXEIZEALTE S, 200m LAEIZFL2, 20l m
DRI o2 Zn T AW TRAZ FH AR -
7-.

AR A TIE, 1 ZIERIRE Tk & 7 EH LR
ZonTRANEE L, EBAOELIR O Mk
e EIZBW T RFFEN R o 5. FLEEHE )
Lt oI HOWT, BRIk, BZBIR
OBFRMECR AR A2 EHEL LT, kO3 >DF 7
W LT, TR SRR TR O g2 K& WA I2IX
T 1 GRE), 271 LD ERIRODERL
L DB AERLNI VBT 7 1ICHELT 5B
BENHHHEITIET 7 2 (), /NSWVB -
RHBRZ2IER - IBIRO K72 ERBD L L BEIT
Z73 (Ff) & L7-. XRMIMEIZ X 5 fLEEH
B RADHENXSSHOFE 17X, %19 X &5 20 X
\Zx L7, BHTV O FLEEE[ 1 D5 % 55 21 X2~ 7.
F77, 2EDO=H, L1 &2 THE L2 ToOFLEE:
g & B ORI OfE RO/ N & X 112w
T, TR B ESTIE, BRIROE 22 X E T
EHAT5. L1 L2 28 b8 OBREL, 577
E<ThHsd. Zorb, Fo7 1T 12M, 727 21
55 CH o7z

562 BHNEMAZRAW-EREEDMHIE
AR S TROIZBHDOHAACBREDER - BR
OB E ORI A FRERICIT T 5720, KR
T, Ex oRAmOIERILE $rE Fm) &
RTAE, SEVERATHNT, BROMEICE
FHR BT 2T DMIEZITo 72, T ORIE,
BHOBERANPKE S LD, BEPILHLE
BT HHERMEL 220, BERME D 90 O BZUTALIE
EATE RV AL CTRAEER TE RN E (B
EENEr) 2BEL-bOTHD. BROHEE %
MR 21213, BAEOBRMA Z W 4iiE
NEETHDLZ LITURIL VRIS TWD (Flx
I, Hudson and Priest, 1983; Barton and Zoback, 1992) .
Terzaghi(1965) 1%, BURME o ZFF>@AME IZX LT,
b LA ICEEICAIFN Y S GE IcEE T
HBHEOEE TS H7-0D1Z, 1/cosa OAfiIE % i
THZEERBELTCRBY, ZOMEFE AL
TWo., ZOMEZEMNT 5L, B o DBR 1
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&%, l/coso DHE (HER) & Ra3Inb. Larl,
BANILIE & ATICEL 72D (JEAHE o 23 90 FE (3T
<72%) &, Vcosall XAMEMMARKEL 2D IEK
WCHEShsMESESNERIhTWws (B2,
Yow, 1987; Davy et al., 2006). fEFRHANKEL 25
AORIEICE LT, Meller ef al.(2012) 1%, BZUEH
ERORMELMEL=y FORKEE L Ol E M
WD ZEMD, 1/cosa DOFIEZ A T 2HAME o
DLEREKI 84 E L LT,

ABRETIE, EAHADRKEWEAZ L LT, 80
PLED 4 {#, Meller et al.(2012) M EOw A FEE &
L7-84 EUEN1ETHY, EIEROBIIZLE~D
CEAOBIIISI VB THLDLEERD. WO T,
1/cosa Z HAWTZMIEIZB W T, @BRZRMIEE 725 7]
MDD D E A ORANBASKROBEEDOKRICE
ZDHEITNEZINWEEZT-DT, KEFETIE /cosa
OMiEZ 2 TORIMITERTL L L. 2721,
86 FEDfEAM DR 1 H (B 319.8 m) IZ2W\ T,
Meller et al. (2012) DFERE=HFZ L LT, BRA % 84
L L7 GEOMIEM (9.57) & Huwiz.

£, BENEMICRD L, BENALIEEAEE -
THEAET DIREOHP, S>E 0 17 M LIOoRTH
SR DY A T — T DFIET HIRERHANEL 72
Ao Bz IE, FLEE 279 mm O FLFH: TRERME 80 D,
ZANIFET DIREFRPHIIMN 1.6 m THDH. ZTDI=o,
B ORORE M OMEE £ THAICE, £/
HWPBHIECTHEIET DWREFPHICZE OFE 2 58l 5
IR DM AELITH) Z L2k, WREIINOMHEE N
DRFEE VI THRIENAREE D EE 2 BND.
L L, AFERTIEE0 X ) A E2iTHT, K&
HOFLORETZOHEEZRE LA OE®IC
B 5.
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TR ERIG L L m X7 8 OBk ORES
MO E 2 KICE & iz, F2 K, LD,
SmEEORIEE, BREOMEA, Em, BHE
DOIEMIT IO T HERm~DOFERERE D2 7 —[¥,
BroazlEmon—X2 47775 (10 ERE)
ond. BAEOBEE, HERA EERNOSMRIE, 3HE
HoOBLT 7B T L TRT. a 22—
0 —XX AT 7T A%, 50mXEEEAL LT, 39
~100 m, 100~150 m, 150~200 m, 200~250 m,
250~300 m, 300~334m D 6 XN/ T THER
T5. ¥, ETCORABIVTI V71 L208H
EENThXRE LT, BEEOERG MO FHEK
H~DOERBKREN, ToaryZ—XEEmon—X
AT T T REBRBREFURIE LD, IHIZ,
2SI, B2 TOBRMBIOT V71 L 20BRC
DT, ENENDEN LR OBEE AR &2 R
Z O OMEENE, 4B OB O 8RR k)
THEE (%) ThHDH. F2~25KDH L, HEA L
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AW OVRE S M OSAIX (5522 X)), 2 0%

ERBLOa 2 —K (F22K, F23 L 24D
(@), (D) IFMERAIC LD EZEH LaWiT —&
DFERTHY, FNLUSOXITHIE 258 L7k 5
Thbd. K 2~512, BEHE, v —XXAT 77
LB X OGER R OB AR OV T, A
WX AHEAEH T R L i LR 22 E 0
O T. MRERD &, HEHAOMEE ((F1X5
D L) IZBWTHEDEAIC XV @A OMEEN KX
IR DFBROFERTH DN, TNUSNOHEES
AN /L5 A 2D RO A A I o R TR &E
SELLRWEIITEDbNS.

F7, 22 MO TORKOHEEIZ OV THER
5He, RESKOYET 158 /5m THDH. BHFEIC
BEEER R Z U 315~320 m XM & BR< &, BEMEE T
VEEEIZ X » T 5~2518 /5 m B2 D #ti [ TEbT 5.
BT 4 T AN KD AL OTREESyEEE DS & <
TRNTz 8, BRBEIE ORI T O b & U X431
Lo TEEMITHRFT 5 2 &3 L <, SR NE
FEIZ L0 2T DAL 50 Thevy, 7272 L, 315
~320m KM CHRRKOBEMFE ZRTEHBEIX, a7
THERR SNT-# 318~320 m DZEE LA DENRTIZ
SR DOBANGFHET DO THD.

23X (a) & D) ITRTETORAEDE X D4AH %
o &, EMDE X2 TR 30~40 DM
TR KRKOEFRH Y, EMIALALH —Fr 78 T
BHAN 10~50 EOm & bRIBEICZ HDHZ 0D
ND. ZOERDOZHOFFEIL ()Xo —XZ A7
7T ATHHRTE, BEOERITEALH - HEEE
CALAE I - BEEETE O 2 DD KX < B B F AN s
TOHNRALE—HNDoGAAE IR D. AP AL T—HF
VIR E T 2 E0E, F 25 X (a) ORI TARTAE
B OMEESHH NS LHLNTH D, 727210, 2o
DOEBE L& E TR ERNOBRLFETD.
BEINHEILREHFEZRD 2 SO EBT 5 ERERT
ZEICE LT, BUHIAJE L O HE & VR O B
EHERTDLE, EIETHHALEL O, BIOE
et ClIra AL EMR ORI A HBE L, 78U 5
DAL & FEANS, BEVE S H AL - TR IE O A H O
ERIE & EEN DD, /o T, ARORMY
% 2 OO EM DR SJE D D 2 5 ORETE D R 72
EMEIFERIST D 2 N5, AH-FJ5 (2021a)
1%, 16 OERLE O RO\ & O L FEC R & F7 -~
ToAER, 2 CoRHADEmMO AT, &KL L
TR B 0 MUV AR 38 D HEIUY 7 2B 1) L2 T MR )
NhHHELTEY, ABHSOBETEH Z OMHE\MN
RoN7- 2 & ITERZE.

ATOBIOMERHICHONTIL, FE 22 MERDL L,
EREEZE L CTRANLEMAE TEEIZHMH LT
WB. 220~260 m K7 & TS ORI 22O
Y0 SMITIRESETYLT L —HETIZRN,
TRIE J5 18] CEEHE OB 17 2N BRI 2 B8R e
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WEBEDLILD. 525 X (b) DARBR CART R OB
FEAR N D, 40 FEDN B 60 FE AT O R BE DAL
Db EB L, BEL RS D BB D ICHEVEE
FEEIXIFIEHERITIR T 5 Z ERbnd.

WAz, TR TR OERA KRS WEE LT
Y71 E 208N HONWT, BROBEESCEN -« H
BAOSHEHRT D, £, o7 1L 2084
DOITBHEROFTIID RN &N 22 Mo
BEDKIN SN, ETOREDTTK 14% TH
5. B, BRAOHEZEAT DRIOBEETIX
12% L7725, ZOBEBEEORERD L, T
1L 20BHIHHEEXBICET L TCHEETDIO
TiE/e <, EEMDIEEHE CREMIZIZSE SN T
M+TdE92CRz25. 100~125mEMT, 71
&2 MM DOIREIZ R THIIICORZ S T 5
L9 THHN, L2DOA L —FHBEO-HITEA
TPUREE (127~128m) &R BZ b, AEN
SUCIXBABR R BN L < AT DIRE L AR &
WIBKPENHEE SIVDIRIE L I3 L EE 25
N5, 771 E208HOMEONARDRHEE H
24 X & 25 ML MERT D &, mAbicim AR
ROLEBLTEY, TOWIZHILE —TERITE O £
NN, 2ToBRRDERN LT 2 Emibiciwy
EBOEIERRLRLL NN, 2 ODEMOMEEIN KX
WIS, 2@ ToRADRTHEmEFRETHS. £
AR, 5525 X (b) D BALTRT XL 912 60~70
ETOBEENRKEL, 2 ToRHELEKT I LR
REANLND, R RKOEE Z R ERME D S EEN
DITHEVIZIE B 3 2 04 OE M X2 TO &
HLEEBUTHD. LLErs, 07182082,
ETOBRZ LRI TE 5 XL 9 & ORMIX
RonneEEz 5.

BT, 22 KIZRT 6 DOREXBICH)IT -2
VHA—RBLION—=XE AT 7T AERNT, BE
DA & ORE ST DOEALIT OV THER L=, EREKX
RO E L LT, FLIME OB UG LR E T
EKNTHILLBZONDN, Wy T 47 ADE
W O HER R 2 A RICRET D Z &R
HTHoT220, S0m XM EIEAL T LXKy E AR
FECIBRALE. 6 D OKRXBNOBIOHIT 82~
109 A OFHETH D, TNENDXEOERD X
WL T RT L) R B R MA R o, &bk
VN 39~100m X[ Cix, Em2APEALTE —HEg# &k
LV —FER A O 2 SO MICEB L, AT 30~
60 FEDFFHLIA DA BN OVRE L IhR D &
VMBI CTH D, UL & HTRE AL A OB R IE K
60m EHEE SN DD, Z ORERT TIXER DS
(B2 LN 722 e D, 2 DD RN 2 A
UL & FfE 72 B RE O TN E T DIV TR T
HDOTIHRVWEEZ D, 100~150m KEIE, dbH—
FEPE 2> B BAL S — PH R 75 o0 A= 1A 7S BH S (2 s Bl 9= 5
BT 4T RCE D EZDOXBIZT TR T
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H5. 150~200m XM Tk, EmAE—FEE S
WP O#PHCAL T — B H 72 SIRIE RSN AL 4y
T oA ROND. £, HERAITET 70 ELL
TCTHDH. 200~250m XL, FEdL»SAbIbHE —rE
PR O RN ABICEE L TR Y, Bk OEE XM
EREL BB lliEmMERT. Wy T 4T A
KL 0AEEEDNDIBENENBB L EZOWRE
W LTNA Z s, #BEOEWIC LY Fi#%O
REXMERRZEMNZRTAEREREZOND.
72721, 180~190 m X[z b O AENHETE Sz
ZOXMoBHD ERITFEILICEHB L2V, 250~
300m X CIE, HALH —VEmRPE & JbVE —rEE O 2
DOEMMPERT 5. HHEV 300~334 m X [T,
ALVE — RO ER NS AT 525, #ALE — PERIvE 7
ExomoEmoaHt L HFET D K318~
320m (28 A EEE O E kb o BT E —
WOERMMPLND, ARSI OBEE T H A7 — FH
FEMOBZINIFET HDT, ZOXMTEMMNILTE
— A B BT B RN 2 2B AL R A DO TFAE TS 1 TRl
AT 52 L3 LW EEbND., 6 DOEEXMIC
DELTRHADNE ZP TR, ST 2 EmN
KEICE W RELSERDZGERH D ERbhoT.
FOENE LI & XSO T TR T 5 Z & 23A]
RERVEE L H DA, HUE & OFEM 76 e AN EE L
AbdHV, HETHERNEEICEL > TELTDE
KITEER &2 T,

5.6.4 fit&

FFE 5.6.3 Hi F TIXILHZ R4 2 BEUZ O\ T OfiF
WrCdhHony, hEFAHOFLEERGICHIRR IR D b
NADGENLIS IIG OfFNT ATRE & 72 5 DT, A#l
WA OMEBZUZ OV CTRHICET 5. B &)IFik
BRSO FLBEE G TIX, WENC LD BRI TER
L 7= Drilling Induced Tensile Fracture (LLF, DITF &
T %) ORHEBZLNFRD HNTZD T, DITE NoAid 5
FRLDN SIS AL ZHEE LT OREIEhy, 2023). A
BRI BWT Y, FLEEEG ) bR % AT D
L ERAT. MRHE AW DERIZIE, BE)IF
V@R C DITF 238 E T ABRICHWZO LR U X
21T, DESK 1 m Ll Lo iy 22 208k o
HME 2 MR CTX 5 2 &, 2) [F—1RE T 180° HttL
e HPZ 2 DOMBRPBDO LN DL Z L2 EMEE L
2. L»L, 2200582 HtazITeRmRE T
o bNT, ABNS TIXDITE XA LR o7z
CHIET L=, 7, HET MO BRI TH DR T R—
NT VLA T SBEAELEEAICE, %
HEETE 508, ARBHLS CIIHMET M O FLEERREE § 58
DN oTz HEo T, AERLETIE, MREO
DITF R°R T R—/NT LA 7T 7 k& FAWTIG 0
DORETE TN CTE 2o 7z,
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6. F&H

FE R 7HEE =Y 7D DI ERBI A
HrEOLIH T KERABIH Ry NU—T D5 b,
2022 LI L 72081 BBl slc s\ T, 2o
DOIREIFLI: T HEME L 7= P8 OBEEE & b %
By FEEdi. L1 FEE334m) &2 (200 m)
DOFIT, B 2 EYICRE T D IREARET
D7 EOBEBIDTOIIHE L DA 9 EEO
R JeE & Sl U7z, W OFE B OB ERE 7 & O
PEEBL, 72, TNENORKEIZ LY ARBEIST
SEonicTr—FEmr LTz WiET—% %R i
MERIILLToX2IcELdons.

HARA v~ M@ 0> A3 7- 1 v~ BRI E DV E 5
MO, BT 4 TR a7 OBIENLHEE
L7-fefda - TERRE - OAER EDfL g &
BBEIFEANTH - BERE v U S—FE -
TAY MR FREORENG, LHEZEET S5 E
THE LR D AN OBREEICET 2 15W (FLNIEE -
HE - BAV NBEE) 220 TREETEZ.
60 m LIETHE O, BXAMEIZX DE WL L
HEREIZ X Dm0 P IEGEE OSSR G, £ 60m L
BIT R E UCHER AR SN AT 5 2 & 3
HTX7=. 50m X Z & D P FEGEHE O FHIMHEIX 50 m
DI T 53~58km/s EE#THY, T ETHEEL
7217 OB CEM L7 ERE & R, K
B AR RX VP EHES R LT,

AN —F%HETHREXMERET D720
2, HERE (R b VR, PIHEE), BX
K, FLBEE G B 07 DA DR 8 O 5 A A i
IR L, L1 EH2 oFENEN T, HRMIZE W
BAKMEEAET D EHECTE IHREXMEZ RO, A
N —TFREZOGKOFELRENG, K 13~16L/ 47
T3 ABLLE D@5 K S FTRE & 72 2 F2 B o HiUE K
WA RN L —TREXBOMBIZHFET S EEXLN
5.

FLEEE B IR E O WG AT - TRz O
T, A OB L 2RI 57201, &
HOMERM 258 L TRITE R EA T 2T D4
ExEEHA L. ME#EAZOETOBRHEDM XL,
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Table 1. Depths, latitudes, longitudes (World Geodetic System) and elevations of three

boreholes at Ayagawa-Sembiki station.

Latitude (°N) Longitude (°E)
Borehole Depth (m) | upper: deg.min.sec. upper : deg.min.sec. Elevation (m)
lower : decimal lower : decimal
34° 13' 00.75 134° 00' 17.06
Hole-1 334 34216875 134.004739 150.20
34° 13' 00.22 134° 00' 16.30
Hole-2 200 34.216728 134.004528 148.08
34° 13' 00.12 134° 00' 16.26
Hole-3 30 34.216700 134.004517 148.02
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Table 2. Site names, latitudes, longitudes, elevations and borehole geology of Ayagawa-Sembiki station and seventeen
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stations previously constructed by AIST. The Ayagawa-Sembiki station is shown in bold.
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Table 3. Overview of the borehole geology for Hole-1, based on cuttings and core observation.
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Table 4. Geophysical loggings conducted in two boreholes at Ayagawa-Sembiki station.
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36°N

Ayagawa-Sembiki
Station

Pleistocene
non-marine
sediments

Late Cretaceous
granitic rocks

B T REIRAOMER. 20 50 1 AR — AL ZAHER V2 (FEEEMRAHIER, 2022) EICHk
ATRT. A ERNCRE T B LS O TR FERR S BI R 2 AL TR

Fig. 1. Location of Ayagawa-Sembiki station plotted on the Seamless digital geological map of Japan 1:200,000 (Geological
Survey of Japan, AIST (ed.), 2022). The station is indicated by a red circle. AIST integrated groundwater observation
stations except Ayagawa-Sembiki station are also shown in the upper right of the figure by open dots.
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Fig. 2. Overview of the boreholes and observation instruments at Ayagawa-Sembiki station.
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313 m 314 m

3. 4L 1 DR 313.6~333.6 m DXHD =T HHE.
Fig. 3. Core photographs at the depth interval of 313.6 to 333.6 m in Hole-1.

41



LIPS

(LU N

55

NE

‘(Teatoyur ypdop w €€ 03 ) Z pue [-9[0H Jo eiep Sur33o] paurquod jo sajgold ydop aarsuoyardwo)) 4 ‘31
(B W yee~0) RIHOWEWIG YN CHZERHHO Y 1T Ky E

L Lodoldo etindedtasatalaenoralnrsa ooior

erelels

e AR

)
S el

~
(w1 i

gl

e h—-—-‘--—_“.. B ey
Wie e % N

D
0
s}

ove

0oce

0ce

oLe

00¢

N

06¢

08¢

N \“\-v-~«-¢

(1724

092

P !

0S¢

ove

A
N

\
n
{

0ee

T VT

VAN
-

0ce

oLe

00¢

061

T

08l

(A%

091

™ M A UIM‘NV Il

0sh

/5

ovl

"

ock

och

HeioH
2feldH

1

oLl

%TWF\ AT

N7

0ok

06

08

WAy

aend
Vi

0L

v

09

/
i

e

0S

v

I

ov

0¢

0c

ol

fep

wE - Ty

2
<
I
=

# ¥

0 07 <08l <06 o0
720l 0
I

) MEA

T WY X

124 kGl 0
000002 0

000y yoasr
009

BT
-39
(S22 7 1)

(WjiB) TEE

(GRSH - U— /%)

1aA

TN 5507

0 | ooor yyoosr 0

005- (F-1r4Y) $93¢

000} yoesr 0

[EDEE]

WossH 0
0
“mwm. m& Mﬁmmm%.
(B—174Y)
JLhAYCL (7R

0007 wpoas 0
L0 0
[ S
(FHEEY) g
SLhRYAL LR

)

R

T @EmBY

00001 u-gy ol

002

1dv 0

(NS)YEtH

L2ags o]

[«

&35 B

T GEnhEE

000014 u-g [}

ool

A 09—

(N7 WEH

oy ]

H R

42



“(easoyur ypdep w H¢¢ 03 00T) [-9[0H 105 314 sk dures oy [, °§ 1]
T(BX Wyee~007) [RYHESEWiAO 11E K S

D
wn
el

ove

0ee

GES

4
M

r0ce

oLe

Sa=—=__ =

082

0L2

BT 2 W BIE OB L b

-
(-

2
e
i
)
)

1
m Z <
092

1
SN

0€e

k) || T BRI

s

PE

Q ove
J
D

TN Ndas A VT (] T

0L, N A ol AN NQ O O PO o[ o P T d O

ﬂ 0ce
> ! 4
e 4 %w
4= 1 o1z
] - E m : 1 > W \M
. s E } E } IS — » 0oz
. . ol 3 L i 0] v 2 o | 000y wyoes o | wpesH o [ 0oL wpossn 0 @uuu.&uﬂ.ﬂuu-wﬁ. o001 -3 o | o0z tav ol
P HL ok T 000002 0 | o0s 005~ [EERITTES (d) 3 L ons/my b & o w
RS TR -~ - L — TS 5507 w/ss 00001 wpoesT T (@) BY (NS)GHH W2rluys
wE - ney —“DEINECS ETEE 0w Ry @y e g % = o " "
@-4m3) (SRS - A=Y 73) (e EEE PoP— — —@FEoaE | -5 o1 | oot A 05~
¥ w e TWY X AN Tan BE—=174%) = 007 i 001 F
= LARYAL LG] LY (1R —@EDEE (N GH NEWE

43




LIPS

B R

55

NE

*7-9]0H 10} §°31,] se owes Y[, ‘9 ‘31
RO SRl TY K9 £

Mm & 00¢
d . ;
| :
S S
> -
4
W | |
. '
b . g
FID O ]
oSk
ot i
o { . q
o P 4 N
o] > 1 Ip)p.
~o L 2
% ) F
Yo . :
¢ =
o 2 =
— | A )2 oL
—~0 P w .“
3 i &
[ p .
4
5 -
< | 2, A\
- ) Av /
— o X pi 0S
P ﬂ = \ w
2 { A : VHHHMH. D >
s | L ﬁA
S < | )
o) ™ 9
_0 Mw
< {
}
o k %
ENLN S
N K w. 0] o008 0806 0 T yg 2 0 ooy w/oesn o [ ooy wyest 0 [ 000 wjpoesr 0 w0l us o oz ol C
P TG4 1 00002 0 00§ 005- (F-101Y) §03¢ (Fd) 3 oseym \ w
AT e O BEE © e e N o[ 0001 wjoesr 0 T EEOEE (NS)GEH nEEE
o .1 B (BB B | e ——— il — X
O W a-42) wrsE 0Ty | S pnem | @R S — 0 R
# % _—— INYX VIRYAN % -7 4 IaA H—174%) () 007 w 052 -3
- LLrUL LK LhBYLC LR T@mnEE | (NDWSH i 2

44



PERSMIE) || T E BRI RIS 351 2 Wy BR I8 DOREEE & MRATs 2R

0
By
- B
50 ok
100
- e
OhE
200 Tere
DA
250 | - —— [ wm=
f e |
300 - f
: ——— _ :
e

0 50 100 150
Gamma Ray (API)

B, L1 OART o~ BREORERE T v T 4 T A - A TR L DI HE O k.
Fig. 7. Comparison between the result of natural gamma ray logging and borehole geology based on
cuttings and core observation in Hole-1.
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Fig. 8. Results of temperature loggings in Hole-1 and 2. The data obtained from two repeated measurements in each borehole
are color-coded and overlaid for comparison.
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Fig. 9. Results of caliper loggings in Hole-1 and 2. (a) Borehole diameter in two directions for the interval up to 200 m in Hole-1.
(b) Diameter in three directions for the interval between 200 and 314 m in Hole-1. (c) Diameter in two directions for the
interval between 314 and 334 m in Hole-1. (d) Diameter in three directions for the interval up to 200 m in Hole-2.
Diameter value for each direction is color-coded. The bit size is indicated by a black line. Note that the vertical and
horizontal scales are different for each figure.
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Fig. 10. Results of cement bond logging in Hole-1. From the left column, the casing depth, depth, travel time of the received
waveforms, amplitude of the waveforms, Variable Density Log (VDL) of the waveforms and cement bond index are shown.
The right side of the travel time column indicates a smaller travel time (higher velocity).

48



PERSAITRE) || T EBLIN R 30 1T 2 Wy BiAd g DOREEE & ATt SR

0
50 I \“___\“-_______ Long Normal
- Short Normal }
100
f >
(@]
’ ®
i) S
I = ]
—
— 150
il |
E |
Q_ |
8 |
\
200
~ A
> 5 |
250 =
’ e
300 P 7 l
f ‘Td ,
10 100 1000 10*

Resistivity (Ohm-m)

BT fL1 L2 OESMEIC L DIEHOME. o /vy a— b AIND2ODT =4 %
BT LTORT

Fig. 11. Resistivity results from electrical loggings of Hole-1 and 2. The data from both long normal and short normal
measurements are color-coded for comparison.
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Fig. 12. P-wave velocities obtained from sonic loggings in Hole-1 and 2. The red line represents the raw data, while the
black dashed line indicates the average velocity for 50 m interval.
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Fig. 13. Average P-wave velocities for 50 m interval obtained from sonic loggings at nine stations located in
Aichi Prefecture and the Kii Peninsula. The average velocities for each station are color-coded and
overlaid for comparison.
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Fig. 14. The same as Fig.13 for nine stations located in Shikoku (including this station). The data for this station is
represented by a black line labeled as AYS.

52



PERSAITRE) || T EBLIN R 30 1T 2 Wy BiAd g DOREEE & ATt SR

0 | ‘
J— AYS
——TYS
—— ANO
— —ITA
100 . MYM
——1ICU
— NHK
——TSS
— MAT
200
S
< 300
o
(]
)]
400
500
600
1 2 3 4 5 6 7

Velocity (km/s)

H 15 M. AERS H D WIXZ ST RS 2 AU IS T 9 BLHLE CRBIHLE 23 Te) O P EGHE D
50 m XEOFEE. ABPROT —5 2 AYS DL BIR TR

Fig. 15. The same as Fig. 13 for nine stations containing granite or similar plutonic rocks in the borehole geology
(including this station).
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Fig. 16. Waveforms (left column) and frequency spectrum (right one) of the Stoneley waves obtained from sonic logging in Hole-1.
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Fig. 17. Borehole images, fracture shapes and orientations obtained from XRMI logging at depths of 275 to 285 m around the strainer

interval in Hole-1. From the left column, it shows depth, static and dynamic borehole images, detected fracture shapes as sinusoidal
curves and arrow plots indicating the dip direction and dip angle of the fractures. Static images are generated using the same color
scale for the entire measurement interval. Dynamic images are output using a dynamically normalized moving scale for each 0.1 m
interval. The arrow plot uses a circle to represent the dip angle and the azimuth of the line segment to indicate the dip direction. In
both the columns of the fracture shape based on the sinusoidal curve and the arrow plot, the three classifications of fracture ranks (1,
2, 3) are color-coded as red, green and blue, respectively. For the classification of fracture ranks, refer to the right column on page

31 of the main text.
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56



PERSAITRE) || T EBLIN R 30 1T 2 Wy BiAd g DOREEE & ATt SR

= AETA4YY dL4Fsvy FTES@ Fa—Jayk
(N [ |
0 mmho 1000 | 0 1000 i
m i X L X Lo %0 1800 2100 07 |0
0° 90° 180° 270° O 180°  270° 0
X
- ]
- N
|+
I~ 1\ '/
S // \ - /
3 / N\ P
P4 N\
\_./ \
4 %
g~ > /-_-\\\ /
N o
b

FARE YW Ry

VAL it Y A s, R b

/
[

B9, FL2 DA b L—F KT OGEE 127 ~ 134 m O XRMIRRJEIC L 2 fLBEEE G35 K OO TBIL & 1 .
D RGITH 1T EF L.
Fig. 19. The same as Fig.17 for depths of 127 to 134 m around the strainer interval in Hole-2.

57



KRB B iRY RS- AR [T

2 m® RET49Y HAFIuy FESmE Fo—7aw b
m- 0°  90° 180° 270° 0° | 0° 90°
115 — Q\
"~ o -"'//_“ ]
R - *
]
';3
116 %ﬁ
1?\
] SEEE
117 E e
e Lh
118
°
1
119
LS ||
[
120

20, £L2 OTRFE 115 ~ 120 m O XRMI BEIC & D LEEEI B L URROR L mE. 3HHOT 7 OBRREET.
B S5 155 17 K & [/ T
Fig. 20. The same as Fig.17 for depths of 115 to 120 m in Hole-2. Fractures of three different ranks are displayed.

58



PERSAITRE) || T EBLIN R 30 1T 2 Wy BiAd g DOREEE & ATt SR

RE

FIRNLEA L

. —a
0 USEC 200
usec

o 80" 1| 20 0

320

321

322

323

324

325

326

327

328

329

330

21 . FL1 0320 ~330m XH D BHTV IZ L 2 FLEEE B L OMBEDIIR EME. EAhD, TE,

T2 VFa=F (R574979) FE®T Fo—Jow bk
I
0 : 1000
o a0 | e o
o ar 180" 270" O
/ ~
/
- \ L
; = )
- e U
] o .
: == y
= s —] —
k: “F
= £ = P o
e = — "
e
‘S || *
F* e ] LIN
B )
— - T |
=
‘f‘_ + —— ~ .1
& 5
; ’
rZ -~

ZA L GEW) LT 07U Fa—F (RE) OFLBEE(E, YA o h—T DR E L TR L= a2
OER AL R 2 RS T a—71 v b ERT.

Fig. 21. Borehole images and fracture shapes and orientations obtained from BHTV (borehole televiewer) logging in 320 to
330 m interval of Hole-1. From the left column, it shows depth, travel time and amplitude images of BHTV, detected
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Fig. 23. Distributions of the orientations for all fractures. (a) Lower hemisphere equal-area projection of the poles to fracture
planes. (b) Contour for the distribution of Fig. (a). (¢) Rose diagram representing a histogram of the strike of the
fractures after applying dip angle correction.
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Fig. 24. The same as Fig. 22 for rank-1 and 2 fractures. Red circles and green ones in Fig. (a) indicate fractures of rank-1 and rank-2,
respectively.
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(a) XRMI images for Hole-1 (206-313 m)
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Fig. Al. Borehole images and fracture shapes and orientations obtained from XRMI and BHTV loggings in Hole-1 and 2.
The view of the figures are the same as Figures 17 and 21. (a) XRMI images for Hole-1 (206-313 m). (b) BHTV
images for Hole-1 (313-334 m). (¢) XRMI images for Hole-2 (39-200 m).
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(b) BHTV images for Hole-1 (313-334 m)
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(c) XRMI images for Hole-2 (39-200 m)
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(c) XRMI images for Hole-2 (39-200 m)
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(c) XRMI images for Hole-2 (39-200 m)
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Fig. Al. (continued)
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(c) XRMI images for Hole-2 (39-200 m)
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Fig. Al. (continued)
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(c) XRMI images for Hole-2 (39-200 m)
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Fig. Al. (continued)
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Fig. A2. Frequency of all fractures at 5 m interval for three different fracture ranks (a) before and (b) after applying
dip angle correction.
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Fig. A3. Rose diagrams representing a histogram of the strike of all fractures divided into six depth intervals (a) before and (b) after
applying dip angle correction.
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Fig. A4. Rose diagram representing a histogram of the strike of fractures at all depths (a) before and (b) after
applying dip angle correction.
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Fig. AS. Frequency distributions of fracture strikes and dip angles for all fractures before and after applying dip angle correction. (a)
Strike. (b) Dip angle. In each figure, black circle represents the data before correction, and red one represents the data
after correction. The vertical axis denotes the ratio (%) of the frequency of fracture to the total number of fracture
frequency. Positive values in the horizontal axis of Fig. (a) indicate the clockwise direction from north.
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