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Groundwater Flow Analysis at Kamaishi Underground Test Site (H9)
Michito Shimo*, Hajime Yamamoto*

Abstract

The current study was performed in connection with the second phase of Kamaishi underground
test project. Main goals of the study are (1) quantitative understanding of geohydrological
environment around 550 m level test site and (2) evaluation of applicability of continuum
modelling approaches for the semi-regional groundwater simulation in fractured rock masses.
In H6 study, data on fracture geometry, hydraulic properties and pressure observation obtained
in Karnaishi 1st. phase project were integrated for the use of the modelling. Groundwater flow
simulation using a homogeneous continuum model was performed as a first step of the study.
In H7 study, an Equivalent Heterogeneous Continuum (EHC) model, which was proposed by
Shimo et. al. (1996), was employed for the simulation of the grbundwater flow with in a 400m
X 400m X 250m region containing major drifts and boreholes. Heterogeneous as well as an
anisotropic conductivity profile was evaluated based on the fracture survey and injection test
results. 3-D inverse analysis was also conducted for more quantitative parameter evaluation. It
was demonstrated that (1) the EHC model is suitable for regional flow simulation in fractured
rock masses because of its capability for taking fracture geometry information into account
regardless of the number of fractures and also that (2) the EHC model can successfully
reproduces the flow rate and pressure distribution observed at the Kamaishi test site.

In HY study, which is described in this report, the previous model was further updated using the
information obtained in phase 2 project, such as fracture density in fractured zone. Sensitivity
analysis, on fracture geometry (hydraulic aperture, fracture radius, and fracture density) vs.
equivalent hydraulic conductivity, were performed and the scale effect on equivalent hydraulic
conductivity was studied using both EHC and DFN (Discrete Fracture Network) models. It was
shown that the size of REV, which is a size with unique average hydraulic conductivity, at
Kamaishi 550m level site was evaluated as approximately 40 m from both models. Standard

deviation of “equivalent conductivity”, for a scale smaller than REV, may be evaluated with
better accuracy using EHC approach by employing a smaller mesh size.

Work performed by Taisei Corporation under contract with power Reactor and Nuclear Fuel Development
Corporation
PNC Liaison :Shinichi Yamazaki, Geoscience Research Program, Power Reactor and Nuclear Fuel Corporation

* : Technology Research Center, Taisei Corporation
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42 BHFIEOHRE
421 FTHFR—WVWTVF—FIZEHHRE

(1) FhoH

KH-4~18FLOB TV F— ¥ DL BETEDAMSH 2 RET 5o KH-4~18FLOFLEH
HH, KH-4~9 (NIOWAEHMA) . KH-10, 11, 13, 14, 16, 173l (N7TIEKFHFA) .
KH-12, 15, 18FL. ($AEFM) O3 7/ V—FilFFohb, V- THBIZFBORILH
A FHA21CRT, SROEPoaPb L), F—J Yy FH{OFMIZE BT
FY VDR E, BRBFUSHEFELNTY S, —RIC, K—U Y TILADH
FAAICITILE E OREBADOK X VEREIEHANWICE (BEINLI T VTV TD
BOFEENTVEDT, TOR/Y FRXNTHIELZ (FOM. 1992) o

E(n)=E,(n)/n, n, =le-n| @.1)

TN, el BV Y FIOBM AR Mv, n BREOEMER T bV, En)
R Y FILATEHESN A BE MG, Em)  MERODHTH 5.
42,10 3 D2OHA I LTE 4 LROBEXTV. Tho 248 L TENH IS
AR LREY 422 QIR T. ORI LTRRDE Y F L5H (
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f(t)=A-exp(—A-t) (4.3)

I, MEL /S EHBEOERTH L, CORDIPLSN5 L HI2, BORESmITHA
757 FCEBELRD, EEOFEIEHETH S, T2, BEBEREFDIZRAT

HEZbhb,
F(t) = exp(—At) 4.4

B EXOFBELETAE t LEOBOREETH 5 —RTBRETEp.MITR
ATEHRINS,
P (t) = p,(0)exp(—At) (4.5)
A=) 7L ERET AU LOBOBEDEEND BTV FI—4#25KD5
ERTENE, pIERKICLVEFETE 5, ‘
N
PO=1 2
o i=1 % (4,6)
I N Bt LR OAEE. L FHlHEOR S, ni K= Y IHANDOEN
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KH-4fL~KH- 8L BTV F—~F{Z @.6) R x@EH L TRD72p,() % H-4.2.31TR
To COpYFE @) RICHTIIDAHEREFARFICERTTRT, ZOBFEIL, —
RIGCBEFED L CFEHRWROBIIRO LY IRk 5,
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Cumulative Fracture Density p 1(t) (1/m)
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Neg. Exp. Fit
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BENGEORE, LELEFSE, BiEAVE ML —XEF— 7 T, SEEEeiEo
BEOBAPVE T AV P —DDBRERELTHE-TBY, FOX I BF—55KD
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) BRADLHIC, BEFED 2 FFHICRMEFT S (Oda, 1983) o
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r’) 4.2.1)

T, p —RRBEEE., <>l AHOYED 2FFEHTH L, FiC, BEDE
ESAPBEOBESAOFEITIE, <?>=2<1>*TH b,
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4, FHEEL VL OPERBEOEKRBROSHZ Y I 2b—-2a b
BEMIkD, EfOEKREOFHERET A LICL Y, BRELFHLELHEE
TAHZEEL

LA OB TIE, HREREZENE V-V EE—RBD 22D~ IZHTFTTn A
f=, —RIPCIIKH-5ILOIFTRER. SN E Vv — VETIIKF-1fLOKBERER (KER
B) ORRERREL L. BELIIOWTEHEELZRD B Z L 2R AT, HILOEK
BT A 242712 R L. BARBOMECEY L BERET FE42.1127RT,

Kz, FHEEZ220mMOBTELERTHEONAT I 2L =Y 3 VIZE BEKE
BT A RERBERKIC SOy P LAEREH428IIR Y, T0J 7 7DEREDR
LIHBERDMAIENSINS Z LG h5, $7-, FHEELRELT BRI, &
MBS DINSVE (HE) PRELhoTVE, ZOEEIEBLT, K-4270
EHF—F 740 VT EBRBLFHEETROLFER, WA 7L EDIT, F
B emA R EE L L TR Oz, H-4290KEHME & SHEBEOREZ R T,

F-421 BREBOFHMEEFERE FLASKAGRRR)

Ky v 7 | AT ems | BEEE (ogk) ABRTT
KF-11L 7.96X 10° 0.84 EREGR
KH-57L 7.74X107 - | 097 - JFTERBRFR

(3) KEEMFOROERE
SRR BEOE EOROEEEEY) SABEMCED LR CEROREt
LT ERICB LB, AEOBRIIOWTE, KOLABERERE L2,
tg =0t (4.2.2)

EREHIER « 2RO B 720D, FlTikE L BMRAOEg % v TEKRERD & 3
2= avEffv, EhEEKRERERE LBT 5, BRENRIO =R P
Vo tThid, aldvIal—3a VERLEKBBEROLOZERICLI VRO S
Nnb,

SITH—HELENE V— yHOEAKSEEEKH-5L, KF-1TLORBER TRES
5, (QTRDL-EHERE Bm) THW., LREDFEIZL VaZROIER, KF-110
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EDEFH1I0~1007D1IEBETHY, EhE Y — YAFICHFLE T 5KP-1fLOFH
8 % AR OIEDS, —REBICE T AKHSILOM 2 & 25, LEDa% HWGE
DOBKRBEFIAOFTEMEFEREE & SICH4292RTH, FEEICRFL—HIFRS
N5,
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Hydraulic Conductivity, cm/s

Hydraulic Conductivity [m/s]

] )
107 = KF-1: 1.23 10° cvs oot

i Medién of }:(] :

KH-5: 1.25 10° cm/s

il

20
/ —e— KF-1 (Flow Logging)
A

o —o— KH-5 (JFT Test)

.01 .1 1 5102030 50 70809095 99 90.999.99

10°

107"

102

103

107

%

E-4.2.7 EXRFRESAOEIME (KF-1,KH-54L)

—e— K,m/s {r=2m)
—o— K, m/s (1=5m)
—¢- K, mfs {r=10m}
—— K, m/s (r=20m)

i T T T T — T

01 4 1 510 2030 50 7080 9095 99 99.999.99

Yo
(-4.2.8 FHEZFZLIIEKBEESHOEE 32— ay)

28~



Simulated vs Measured Hydraulic Conductivity Distribution
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EHCEF VD bBR o N2 ERBEBITHEBHIC—HT 5. LALEHFL, Avvaidg
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EHCEFNVEER L76o EBEHCEFMIZOWTIRA Y Y 2D —BOES (A v ¥ adA
A, AX) 2SR FT VO THER L. KIS, XHBREBRO—2OHEEIC
—EEHNKEIm, RAEROEICENKE O mES 2, £0MD 4 HEAEKERE
L7-BREG TS 2 TRERBN 4TV, RNIC X h Sl EKBEHE KD,
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T2, Q WEmYsl. AH  KEZE[mH0). L Y AKRO—ILOES [m], K Fif
BABHEIMSE)TH b, BB, YHROHAIIKD-ME & Fi7& L. —EJEFT"
ITKD-90ME & TR 2T & L7ze T, KD-90HE T 6 - ERIEERKFER
HREOHBEERLI/ZOTH S,

() FBIHER
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Hydraulic Conductivity [cm/s]

Hydraulic Conductivity {em/s]
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Standard Deviation of L.og K
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Equivalent Hydraulic Conductivity [cm/s]

Standard Deviation of Log K
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Equivalent Hydraulic Conductivity [cm/s]

Standard Deviation of Log K
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Equivalent Hydraulic Conductivity [cm/s]

Standard Deviation of Log K
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