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WFIE R B o3 (I8 3C) : Two precise spatial modeling methods for rock fracture
distributions with incorporation of location and orientation, which control the
permeability of geologic media, and for hydraulic conductivity distribution with
different scales from rock sample to whole rock body were developed. By integrating these
two spatial models, several important characteristics such as a relationship between the
high permeable zones and the configuration of rock fractures were clarified. These models
were also able to be combined with a numerical simulation of groundwater flow efficiently.
As the result, the effect of faults on the groundwater flow and the mechanism of chemical
concentration changes with the flow were estimated by the simulation. In addition,
prediction of long—term groundwater flow in consideration of the topographic changes by
the erosion could be implemented through the tools constructed by this study.

AT ERR
(EHHAL : 1)
[ERESEN LiEESE & &t
200 84 6, 700, 000 2,010, 000 8,710, 000
200 9% 1,900, 000 570, 000 2,470, 000
201 0% 1,400, 000 420, 000 1,820, 000
FIE
FHE
%t 10, 000, 000 3,000, 000 13, 000, 000
WEgEsyEy o HIEIE R L
B OSF - ME . #RETY / HER - BRI AT LT
F—U— R EAKRE, AR, WEME, Sats, KE, ZMETY 7, HERREE,
P(ATE =L

R BIRY AT AT DR EEMED
1 O THY, HFRACH T, FioH FK
DRBESCITRENIEEE DOAEIE N A < AFZE ST

1. WFZEBHAE L YO &
COKIZH T DO L Z &2 ENE0T O 28307
TEZETHENDZON?” Z OB ITH



W5, HITFAKIFHEICA AT, BIZES S
FBAERWFIZHET TR TWS b Tl
72\, W A B AT R KA O BER O ZE AL 3
B BB HD, TOL D M
KBIG %, HIER A r — 2k L TR 2 BR B 1
& (MERRR—V 7)) MHDF—HIT
FESWTHEE - IR S5,

BB G OFR ORI, KRS OHEE D
AR, aftRickE L CETETEE
T, BEOBEE > TWD, HEITIE, it
AEHTOR T ABEROBAEL, &LVl
FHPEEEEEY) O #E L5y, CO, DHITRTRE, AETE
B& O (LRI~ D EIR I FE 9 ik 5 o s,
REMRBT LD, FRIHELNE, KbHl
TOHMAZESTLIMBEE V2 D, RER BT,
BELE WD THEHORECTTEES IO
STOHEKBEEE THTDHZ ENARARE
AN THD,

AR DFE AN 2 LT 5 K113 THUE )
g Tho, BRHEEBHIND, BE
HOFBKBRGOEIRIZIL, BZD 3 Wi
Ll bz, NEARRE L0 ) KO T
& LELT Db HELYMED 2SR A &
EREETHTEL, ChbiaHATHZENE
BEThD,

2. WO HB

HEMCO 5B KELOTHIZE N T,
& D RN AT T 5B KRR DAY
BMEEZODICRGITHEE TE D200, TR
JE A T D8t L 70 D, BAKIRER O OFALLL
M B AERITR R X F#EA T O B LS
ATEERGy (JRARED), Wi S8 D2\ 5y
(B2, BRI BENDRL~A 71
7T w7 DIRNEMT HEy (fEEE) D 3
DXL TE D,

AW ClIIfE R E A 0 2 NET DRSS
TERICEDLNT- Mk EZ xR E L, £XK50Di%E
KIEEEHZBET S, L, JuESCH
— U U T ONLEOHIFIEND, BIREEND
BT — 20N S5 b Ty, £IT,
ZERIROF B S 2 Z 8 L7 m E A ke T
MZE-T, ZHDDOMERMEDO R E )
RKEWBKRET — X 2 GEHE L, 16
B RICBIT 2 HENOERE | km £ TOIA
FLH O K B S % WO 22 [ A fiFRE TR S A
WTBHIERE—-DHNTH D,

51T, 1 FEU ORI A r—)L %54
E L, ZoHE o)At nEl 2 EIc
KoM bR T D L L HIT, TR
5 H T AREEN DB N — BB S ST
LHFEORBEE _OHNET 5,

3. WDk

57 B U oD I AE = R (59 20 km X 20 km)
1 B ARJF - W FERH S Y, BRI
WFZEFTEr 212 U & L= R HE o B0

2D TV A BRI~ ThH v, B
JBE 500~1,000 m FREDOEER—Y o JHE
DA HECH A TS E S A, FRDSE T b IEER
BREICETIERN GO TS 7 4 —
ILRD1LOTHD,

T, hEfERAERESEY A FE LT
B, KEEEO KRG EMAT L L2 H
BE L, BANAE, BT, T — 2 T &
Ehe+ 5, S5, BEMICOE 204
DOEALEIREBIC L DML ZHRE TS L
EBHIZ, THITHE D IR AKREI O LK —
CERONTT D REEZRBT D,

(1) o BULE OB ARERE - b
EROXREER: (P ) & &iE KR %
B MEL, BYLORRE L 2 SWE L
ORRERD D,

(2) BRI DO BEZEE - fdm 5 T o KR EHI
E: RIBEROFLESCSHLERIH L, (D
ERIRRIT, < OB TP R LBk
¥ EWET 5, BAENBNDIRNERSSTHIA
FRICHE Z# T 5, £72, BULORREN
INSWEEEESZ R — ) 7 a T i bIE
L, 2O HHEDORRET S,

(3) TR T — % OFA & &k L 228 o3 A
ETIVOERK . T — X OALESCIEOARY)
BEMENERIC KR E VB KR T — & & A1
ANCHES L, HENLSRE 1 km £ TOIA
HiPH O K FEEAE S A B O 22 [ fREE T S
Nt D, ZZTIER—Y BBz kb
PR DA =R L, e 1) -
X D[P HHE — B ARGRE] OFEEE
A DED Z T, BAREDZE S
FEE & Exw 5,

(4) HFARDKE L BEED O DT -
W3, YUE, MHUIBIT D% < OEFEKHR
MHHTTAKZERRL, TR IRE %2
WET5, £72, "=V 7 ar7oaziE
WIZIEN BoNa —E 0 FEFEREEY, B X
VBHERET L8 ERET S, 2
b, BEWIC L D HERE TRAENERNE &
DEHITBELTI=DD, &) R & BE)
A=A LB LINTT D,

G)HTFRDER - IEEFHMNDOER . H
TANRRIHT — % Z v, #FAMD
EEh A T = X LD & BT T LV OfE
B (Tb b ERE e R KR & REZERE
HEBOER(L) 2179,

) BEEMOM FRKEKH Y I 2L —a T
0 s AO% . ER - EEERNOE
b, HIEZE(LY I 2L — 3 UEFAL,
BEMM T AR I 21—y 37
7T LERET S, TORALE LT, BIE
MBS ICH T D2 OKBEELE T IV
ERET D, KT I/TK LT, w5
Th 5 LIGAL AR O I & S RN O H
TAKFETERENR ED X 51 kL, Zhiz
o THIRIZTEHT A HI T KO RZ - & -



(b25FRERR - HS3 E D X 5 7RI b %
T D, BHLNIT D,

4. WFIEEE:

(1) HERFEFH 2 2 0 L 72 WFZE0EH S &
%5 3 WSy I 2L — g Uik
GEOFRAC Z kB L, fEAEIOEWRHEOHEE
WEZ2m SR E 2 A, BWAaRE Y —
IIEE Om & -500 m AT 2 80D, T
BICEBILTWD Z L, BIOAMER T
km > EZLHE /S A T W T TR AR

LTWBZ e ERHERITEL LI

-7 (® 1),

65 66 67 68 69 70 11

FRIA DD B o

710 X =
000 o0 G0 s tooon 1200~ F EI BTV

— > Fast(m) EEDBORE

X1 ¥Ial—3a BN

Q) EFMEDOBRB N I 2L — g LBELE 10
m BEHIETNANLOY =T A N HE
REDLETHE, V=7 A MHTIZEWD
BANFET DN HEETE, V=T A
v DB AT VIC R WRZIN ST L
TWD IR CX 7=, £z, HEHEWIREAE
TiE, BT aWiEE Y =T XA bR
DB TH - 7=,

Ihn ()@ OREITK LT G &
TR B X0 E 35 BlEmsCE (CFRk 21
) NG En-o<, BE5hET Y
VU RECELTCAY T T o OE WD
BREMNME LN LFHMETX D,

(3) iR HfT THF B T2 A - — L D BELE,
A, BEAZLE LT, HEALHENS -0 O
BHEE SN EBRESOBERERD D
L, AT 4 TR Eo®PEIZBWLTNE
FHITHLITE 52 &N bhotz, BESY
HOBEINIFITIAEAT 4T UEIT
EOFB, vk AT 407 U EITAOME
WD ERHALMIoT-, 2B DR
RN BAEFE DA — )V TRRE SN
2L —hTEDLHIITRD (K2),

N SCOEINYFTS
SHRBHDHE  SRINHORE SEEDLIAYF  LITBIESBE
= r G35 LOEE fLAERET S,
;] 5 ! g Simulated
ﬁ g annealingi& 0 & A
® f :
ot SRTMOBE
100m & (m) Distance h
. .
.
-/ o, esmESLHHO e
~. HEAHIZASES
\/ X D Emn AR .
i - x| LHfiE5ZE,

S BT LB KRR EOBRERA o AR

S EMBITHK | - <=
FEOEY L ~T—
K OEYET '\3/\\ ) ‘\\
ey L L
X 2 ATLE DR — /) TOBERIGA & TR
DET Y 7k

BAREH

W) BRI DT —Z pJiifFE @b I 2 b
—varBRAEE L, BRERE L BRI
BoMEAa2EE L= L 2 ATEDOMBEMN A
Hanz=o (K3), ZoERFEN6 T
= b— b SN BHEEIE KRR S 2,
P TNT =B L, 2RIk,
xSk DT KR E 7 VXTI
K oTHEET A EMA[REL 72 o 7=,

5 5 | !

BEIKIRE (log m/s)

1ol i i ; ;
BIEE (x10°m)

43 FKERER & AR BIR

(5) #EE & 7= AR AR BT B2 o i FE Y
0.5X10°m* £ TIXAAL, DR 5 FOm
BECHMIEEm 2T BN bhoT, F
7o, ALEE L 0 b AE P A R O FE K ERE
K&EL, RNERRIFHITIE S F1EE R
L2 eEMNTE L, BARRBOKRE )
M, AHURO R K EEMES D, BEO
RS AR T A IE W (FI<REWrE) @
JmE R TTH o7,

(6) RE 1 DFE KRB DO EAL & KD T= & =
A, MHIR O U =7 A 2 MIKEERST
HE T uy IHERE LUTHIEL, &K
PO EIIEEN W HICEZLN
7o ET7, BAREOREMHITLMEE, K
AWrE, ASWiEfhrolEici b3 sz &
RN, Wi IEKEOREEZ A LT
DI ENHRIE N,

N6 1) ~6) DR EXL TEHED
NFHEEE L VYR 21 EE T LT 4T
BN ENT-0T, BAREO R G
EOMHIZE L TAHY T U T 0 DOFE W
BREMNME LN LFHMETE D,

(N a7H o FPrzfni-sNERTIL, A
HENTIE W ERERENAMETH L LD
2, BRBROBGFHENEFEICHN, V=T
AV hOREBHFREFFLE (K4), Lo
T, HAaV U TANICHNT T v 7 BE
BB BB O FIIZFEL, KO
EXLTWDH EEZLBND,

AT HIZKERT &V D EAKFER
LT, XHRCT 2F v X » Ta 7 INE
DFE KBS E AL LIZE 25, Wuhr Z



v 7 DEEEEFR AR ORI 22 L & TE Ak
LTW5 Z EDBHEND BT,

x 10*

-6.3

———> North (m)

8000 10000 12000

East(m) s

B4 (@QU=TAL " HEENIaL
—varEtoERAEDE, b)V=T
A2 s DFNGAR, () 2T W IZiRE
FOWRENM & L

(8) YR 200 m & 300 m YL TOEBRDIE
AERERE R, AN SR bITWARRNE
FAUSIRBERDEEM L, BEEE TV &5
FITRHET 5 W) AR R,
X oT, BEWBZENIEIMNG T w7
L AFEL, BARMEOEWNY — U ZTERL L
TWbEBZLND,

9) UL ED IR A r— v CEERBIE) & JRAT
AIr—)b CEECa AR OB KER
Baia LB KRS AT T V& Bk
L, MODFLOW 7 FHVNCHL T /KA Eh o i i i
W AEIT o1, EHEIZ X » TH B L= /KEES
AT HIE &3t U, SERI O KBKER & H i
W L7ZDOT, a2l — 3 RO
FBED DD DAL, FBERIC XL HHIRBE T
TERDIRA L BB#) A T = X 50— % W
BN TET,

(10) fEFD—>TH 2 M F/AKFEIE T L)
DX, HEWE IS T A8 THEEH D
GERIZmN ) WENZ N &, EEH» s
HAIZ W29 WAL ERT S TWNWDH Z &
EMBH LN/ oTo, T HDREMNG,
H &5 W@ 13K 5 1 o s s LT K
PEOEEZ AT 5 EHEHITX 72 (K5),

F7-, AEWIRELAL TR FKBEIFEA A
VIRE DAL, RAKEEERE 5 R
7R AE R AR~ DL A K D K AL D e
LIZIERILCTHDZ R brotz, — I,
H & Wi LARE TiL, RRICHEET Na¥, Ca™,

ClBENBIHIZE L o TN D, Zhnb,
R BBEIR P TR B2 5 2 SO M K
RINFHAETDHEEZ BN, ZOHEITIAE
Wr g 23K DR RE R A3 5 & v ) kit
DR EZETIERYL E VWD,

(IDFIINC KB REICHS HIEELEEDY
AN, QicksyIar—yarEw50
I XIS T KBRS 2B s 22
I ED LB T DO EHE T
L&Dl oT, ZTHUTEEB O KR
A LICENCEATE 5,

LRI (X 10° mi/s)
0 1~

Elevation(km)

ST

4 North(km)

East (km)

K 5 #HEXN-EARGESE BIOHES
% KRB RE

5. ERRERLE
(BFFEAREEE . WFSE 003 M ONHLEERFZE 3 12
=Y

CERsRm ) (it 20 )

@D Katsuaki Koike, Spatial modeling
techniques for characterizing
geomaterials: Deterministic VS.

stochastic modeling for single-variable
and multivariate analyses, Earth
Science — Journal of China University of
Geosciences, #&#HiA, vol.36, no.2, 2011,
pp. 209-226.

@ Irwan Iskandar, Katsuaki
Distinguishing potential
arsenic released to groundwater around
a fault zone containing a mine site,
Environmental Farth Sciences, TFHiA,
vol. 63, no.3, 2011, pp.595-608.

@Katsuaki Koike, Chunxue Liu, Alaa Masoud,
Arata Kurihara, Kenji Amano,
Characterization of large-scale
groundwater environment in a granite
site by spatial modeling of fracture and

Koike,
sources of

hydrogeologic distributions,
Proceedings of 11th International
Symposium on  Mineral  Exploration

(ISME-XI), #&%if, 2010, pp. 123-128.

@ Kaoru Koide, Katsuaki Koike,
Identifying groundwater— and slope
movement—induced vegetation conditions
in a landslide prone area using remotely
sensed data, Proceedings of
International  Symposium on  Earth
Science and Technology 2010, it A,
2011, pp. 123-128.

® Ling Wang, Katsuaki Koike,
Geostatistical approach to spatial
heterogeneity of vegetation cover

around fracture zones, Proceedings of



International  Symposium on  Earth
Science and Technology 2010, it H,
2010, pp. 479-484.

O©rciER, HEroth, HFREE, X#RCT LI
L DLFEEAN CO2 BN A N T~ 7Bl
L D55 M, Journal of MMIJ, vol.126,
no. 12, 2011, pp.640-646.

DIEFESE, KATHRIE, 12 Fofst, X#R CT IAIC
L2 BEEABRAENBLIOEA~ MY
7 ADEHE - PR E DO 5HNT, Journal
of MMIJ, EFHA, vol.126, no.12, 2010,

pp. 647-653.
Hisafumi Asaue, Taiki Kubo, Tohru
Yoshinaga, Katsuaki Koike,

Characterization of temporal change of
deep resistivity around geothermal
reservoir using magnetotelluric survey,
Proceedings World Geothermal Congress
2010, ##HiA, 2010, Paper No. 1365 (5 p).
@ Hisafumi Aasue, Taiki Kubo, Masahito

Sasahara, Tohru Yoshinaga, Katsuaki
Koike, Three-dimensional geological
structure modeling for groundwater

system elucidation in a wide area using
MT  method, Proceedings of 11th
International Symposium on Mineral
Exploration (ISME-XI), & #t A, 2010,
pp. 130-133.

(0Koike Katsuaki, Chunxue Liu, Alaa Masoud,
Kenji Amano, Arata Kurihara,
Large—scale modeling of 3D fracture

distributions for hydrogeological
characterization, Proceedings of the
International Association of

Mathematical Geology (IAMG09), EFHiA,
2009, CD-Rom (pfd¥Katsuaki_Koike Full

Paper¥).
Ling Wan, Alaa Masoud, Katsuaki Koike,
Characterization of fracture

distributions and vegetation changes
around the 2008 Sichuan Earthquake
epicenter (China) by satellite remote
sensing, Proceedings of the
International  Symposium on  Earth
Science and Technology 2009, it H,
2009, pp. 391-396.

Mst. Mahmuda Parvin, Naoyuki Tadakuma,

Katsuaki  Koike, The effects of
precipitation and earthquake on
groundwater level changes: a

geostatistical modeling, Proceedings of
International  Symposium on  Earth
Science and Technology 2009, it H,
pp. 431-436.

OFepER, AKREAN, Kirialg, #HE, X
BCT Bk 2 BHEN ML —Y—BIT 7 1
Y 2 DAL & 3 Hr, Journal of MMIJ,

vol. 125, nos.4-5, & . 2009,
pp. 146-155.

WS, AAKREA, HPfh, HEFREE,
X #3 CT ¥EIC L B ZHLE AN O, fiidhds &
WETF R B % O S5 Hr, Journal of MULJ,
vol. 125, no.8, & F A , 2009,
pp. 437-444.,

@Akira Sato, Quantification of physical
properties of the transitional
phenomena in rock from X-ray CT image
data, Advances in Computed Tomography
for Geomaterials GeoX2010, #ZHifA, 2009,
pp. 213-221.

O RS, HBEY, E&3I &L, UH
o, BREAL LT AKRBIHNC L A0
88 o0 S B R T o0 25 i 8 B iR B
Journal of MMIJ, 2 %t f , vol.125,
nos. 6-7, 2009, pp.363-368.

O/huisa By, 2Ry, KEEE, SEE,
TR 72 U R I - WOVE 3 AT O ZE[RE T L
TER & FHMEDORGE : BRMRIC BT 58
W fEEE LTy —ARAET 4,
Journal of MMIJ, ##tA, vol.124, no. 12,
2008, pp. 700-709.

OFEEH, XKEFfin, 2IRY, i,
fERAE B IcRET IR ERR D%
1 0 A0 R e & HET 7 B A PR — i I 1%
JE W22 P JE L O s AE R s & D % L —,
Journal of MMIJ, ##iA, vol.124, no. 12,
2008, pp. 710-718.

Irwan Iskandar, Katsuaki Koike,
Modeling of groundwater pathway in a
fault zone by space—time analysis of
arsenic concentration, Proceedings of
International  Symposium on  Earth
Science and Technology, A& FiA, 2008,
pp. 409-416.

@AATHRIE, PR, X CTIEIC X 28RN
BLO~ M) 7 ANEH OB « ILBESR O
Ak, B 12 PR O SIFENY AR Y Y
DGR SCHE, ARef, 2008, Paper No. 8
(CD-Rom) .

RERE] (24 14)

O/hhva e, fEREERICIIT 5 IR 7§
A L OKBIREEDOET Y v, BIR - F#
#2010 (&R, 2010 4E9 A 15 H, &M
M IWN KPR v o R,

QOEHFE, FARBRICLDIRBERLE A
Wtk - S L OBRE M, BIR - EM
2010 (#8F), 201049 A 13 H, @M L
PN RPN R,

@/hhva B, B R e R o S ) K BRAE 1 o
ETFT VT ERBRAESH DD DB L,
GEOINFORUM-2010, 2010 /£ 6 A 22 H, AT
B PE RS EE R AT O v X — BIAE N A
Z « 1T @A HFZEHH.



D% HIRESE, LI 70 Hi BB BRI O 22 [
TV 7 = FAKAL E IR AR L
72— AR X T 4+ —, GEOINFORUM-2010,
2010476 H 22 H, HUHER PEMBIFER R EIAD
L o B —RIEE /S A A« 1T @S WFZEH.

ORI, BAESMDOYNTF AT —LE
TV 7 L KBRS~ DI, (Fh) &
Ti B P TN SRR AL 22 FEFRZEG 22,
2010 4F 6 H 11 H, REART fEARKFLY
.

@fELE, HEHREDERET Y V7 F
EOR — iR BRI BT IC BT 5
oA —, () & - FMPRETRE,
20104F4 H 1 H, HEER LR FAEREN.

@/l RV E—hEr T 7Iick
LT OB RS & O RE, (fh) &
Vi FBMFERFERS, 2010454 1H, K
TR U R AR EMT SR T

@FIIE, ZEEMITEZINNTEAR—Y 7
LToOWEOXEHE L ABX D, &
U5~ 44 2009 (FLIE), 2009 4E9 A 8 H, #L
BRT AbiEE K

@il 5 B, MR E R © D BRI
& MMEOHEE, EIR - FH 2009 (FLIR),
2009 4£ 9 H 8 H, ALWRT AbifpE K5

(0Katsuaki Koike, Large—scale modeling of
3D fracture distributions for
hydrogeological characterization of the
geologic media, International
Association of Mathematical Geology
(IAMG09), 200948 H 26 H, AX 7 %
— RRZ(CA, 7 AV ).

@ Katsuaki Koike, Spatial modeling
techniques for structures and
properties of geomaterials and their
contributions to earth and
environmental Sciences,
2009’ Mathematical Geosciences &

Geoinformatics Conference of China,
20094£ 6 H 28 H, HLIRZ R, HE).
@/hhva e, MERTORE A & B AKNE
D~ NVFAr—)VETFT ) T 5 —
#R42, GEOINFORUM-2009, 2009 4F-6 A 25 H,
HIC SR T iR R AR
@/, BRSMOYNVTF AT —LE
TV 7 L FKYEREE AT ~ DS, (f)
IR - B ERFRFERS, 2009 4F 3 H 28
H, T#EH TELK
@RAEASE, AW — B ZAREE ICB T
2 H TR O bR B & IR A O B
WA, REARBARKEMIRSIERRSE,
2008 4F 11 A 20 H, REARMIKATFLFS
i
(OKatsuaki Koike, Multi-scale modeling of
rock fracture distributions for
characterizing hydraulic properties,
33rd International Geological Congress

(IGC) - 0Oslo, Norway, session MAG-05,
2008 E8 H7TH, AAm RN g v
B H—.

6. AFFERERE

(D) WFgEfFRE

st FEBA (KOIKE  KATSUAKI)
REARREE « REEBE B SRRV SER) - 2%
FgeE &5 80205294

(2) WFge sz

g S (SATO  AKIRA)

REAR KR « KRBT H AR 2R - HEHA%
WMeE®& S 40305008

JEfE A S (ASAUE  HISAFUMI)
REARKRT: « KE2PE B ARBL =2 R - BhE
WMeE®& S - 70462843

K @5
MSIATEOE N B AR W 5EE 5 A -
M L5y WFFERH - PSR B
MoeE& 5 40421680

(3) HLHERTIEA
mL

@) Wt 11

2] #F2~ (LIU CHUNXUE)
ErFMRAE (PE) #HE R - BB
R - AR

77— ~AYU R (ALAA MASOUD)
S UARE (VT ) B HE SR
fizscis



