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It is important for safety assessment of HLW geological disposal to evaluate groundwater
flow and mass transport in deep underground appropriately.

Though it is considered that the mass transport in sedimentary rock occurs in pores
between grains mainly, fractures of sedimentary rock can be main paths.

The objective of this study is to obtain the data of flow and mass transport properties in
fractured sedimentary rocks by laboratory tests, and to estimate these properties in larger
scale rocks, such as in situ test scale with considering both data obtained by this study and
one from in situ experiments such as packer tests.

In this study the following three tasks were carried out: (1) laboratory hydraulic and tracer
experiments using the rock cores of Wakkanai formation obtained at pilot borehole, (2) a
study on the tracer test and sampling technique for the larger scale (block scale: about
0.5m~1.0m) than core scale, (3) a study on the reduction technique of uncertainty of the
hydrogeological models using data from surface-based investigation.

Non-sorbing tracer experiments using artificial fractured rock specimens were carried out.
Potassium iodide was used as a tracer. The obtained breakthrough curve was interpreted and
fitted by using a numerical simulator called FRAC3DVSY, and mass transport parameters,
such as longitudinal dispersivity, matrix diffusion coefficient, transport aperture, were
obtained. In the study on the block scale tracer test technique, the sampling technique using
wire saw and tracer test technique using block samples were suggested. In the study on the
reduction technique of uncertainty of the hydrogeological model, availability of the
information other than pressure data, such as the temperature and salinity and all, were

presented.

This work was performed by Taisei Corporation under contract with Japan Atomic Energy
Agency.
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ToHEN B R TIE RIFE E O E R T ZEN o7z,
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3.2.4. X MoHr

X GERE CHDOEERREIE S O ERA ORE A RHZLE2 HRIEL T, REFALE, EHMIEIZE
D X RN EAT T AT OFEHIERIR L= 58055, B /KRER, WEBITREBHORE 0T
FEDE R SRR,

(1) et

X #REIHr(X- ray diffraction, XRD)IZ, S0k S & B9 215 REIGDT-D DI3HT 71 THY,
HEHZE EFN TV DR OFEHESBEEZ DT O DT IETII V. 2Ok, BEHH O DOELS
DEBIMEEZ R T 228, TR0 H THLZELFHRICL TWD.

FERIRICHAD X A Y ToHE, X MOEESE T H CHAL, AWVICTHLHI DT, IROSMAH
7= T MO EIHTHRO A FRFEEHE KL, IZFTHIHLH > TREES L.

2d sinB = nA

d (X, MR E, n T TFHBLHIEDONMAHDZAETHS. n=0, 1, 2," - OHEEZNEIL 0K, 1
W, 2R - DEIFTHREIFES, AN —EDBAXERE A LIZBEO R £ 0 (20)28LHIL, EoXn
LR RO HIND. ZOHMEIE I EDOREA OET, —2>OWEOEEO d EUTxtii
T HEPT X BROFEXRIFRENBEE TEIUR, TOMEEFRIETHIELNTES.

X BREHTIEZL O FERHY, BHE1E, BEKErE(powder diffraction method) 3 HIi5.
FTENE NI OEFT#RZ R L, BIHTBROALE LTREND AT DIRIE N eSid. DFED, X
FRIEIFTICEVIE DR E D FIHE Th D, BARIITIE, KRB ORI EZRIC > TREbe X #RIEldr
FEREZBLEE DZ L, RIMEEFET D.

W OB AREHTE TIEANEFAIEEH, HHWWDFH ANZELS LT fa i R0 O XH#R R4 1l E
T5. REFNIEZIVRBHI B EFNDIMFED R EN FIRETHY, ZOBEBIZOELHIENTE
2.

(2) REFFALE

REFNLIE, HOWDDIFAZ R T EAPEDZR KGRSO X BRET AT, 32D DI 7Lk
ZAWV, dapm DL FIZHT 5. BRICLEREHE, ROHWTT A I=0 AEGE AR L & —
(20x14X1.5mm)C DDA, BIEICHT 5. HGoNT-F —22Bmo X REHFT —Z L L, 48 S
NDE OFEIEZ D TET D. 72121, HEHIR A DOk L OGE I RERREECTHHT=D, &5
(ZE AL TG T 2 BN B 5.

(3) EHNLIE

TESNLENE, KONEICKOEEE R ORI OR L2 BB CE ML O~ Mt T o7 BHI A LT,
TF VLT Va— VAL EEEALEE ) ERALEE 2, T AR AT o T s R S LR D FEHT DWW T X
FRIEHTEZATV, ENENOFREREZ I THZET, BASNIIEMOEF LB BLEOGHBREZRET
LIETHD.

(@) W EHROHEE

Tt i AH DI A7 HO X MROTREE TSRO & A BB HLOT, AR ER, #2472
[EHrfR IR A TR D EBZITIZENTED. LonL, BT X MOMREL, M Eo A=
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T IR OFEFR (L AR - A B A &) , RS ARBE, WAk + DTk, RES, FAL, MESRME, B
FONRAE W 2RO X BRRIRE 2 E OBERIZIVRESID. ZDOEEREDDHIONTHRTHIEY
DT L - THERRY, FROFEY ThoTHE RN S, [FUHE dh i O B P i B 23— & O &7~
T LIRS, Bl 2R, FRIEA DI KIBIAL TN L DD T DITIRE S RESE DL DL H 5.
ZOIHEREITIE, BRELIDET DI OMPIRIE TORE R ML ETHHDIZ, ZIVEAD (HDHWIE
FAER B AR S) ZEBNREETHD. Fio, BRBARESTNMHDWIXE N EE DD ZENFHLV O
T, ABHH O J7 mPEOFE :ckéaﬂ%é%)iﬁ& THR. 2SO IRFUCZOXHRIBIPTIZ L DI O E Bl
— IR REIRFRFEH (2720, BRI E BRI 2 TO ZE IR EETH S,

AR ORE T, Kmﬁmﬁl (XS X RRIET T 2T — 2 & MR G AT B OEEREGI ) D
ZFNEET DL LS TRBIICE S DB B LZ O & H BEHEELT-.

() BT
X MR OFERO—EAE 3.2-3 12, XFFENTF ¥ — X 3.2-2 (T, LA RIS I OF Efb
RERT.
O AR ZARDRIE

ARG BA D[R E TR L = F L o 7 a— VAL D%k Bt 45 2 L2 K0 T -7,

AV E S AR O R BRI LV ESL N2 CuKa:20="5.0—"7.5" |53 4 3 D8 A3 BT
BN, =F L) a— LVALE A E CuKa:20=>5.2" (CH G EIL -2 81, BTk 1
G THDARTZARNDIFIEE T RET D, LTZoT, AATHARD, & —/NEREFETHEHE
ESND.

@ FRIEAEIAVFARDIRE

FRIEA ENA VA D IAFT DA, FIE D 002, 004 OEIFTHRED AV A 001, 002
DOEITHRNERDT2D, A VAL ERRTEA OFMBBNCREEN LTS, ZOII7RIGE I, [ATH)
DI L > TINHDRIPFTRR DAL EBIEEL, [FEEITOLEN DD, T, AV % 5]
THAEN2TERELT, VT GIENFREEINZ. DTIVARETIE, b4V SO RERIC
VTV EAE =TI — &, DAV FAROEHE M REZZEL, CuKa:20=12.3" DA Hr##E A
CuKa:20=8.4"1cZ{bT 5. —J7, #IEA1E, RLBEICIDEHTHRITZE LN ED D, fRIEA
ENFVFARDTERNEIR N ATHITENTED. 728, WAV T AMDERILEM DA Z—T1L—
MZEAEHTRRDZEAITDOWTIE, SCHk 12 22 S, FSCHRCIE, A EEmEL T, IR%E
A H =T —RLTZBED A F A RDRIFTHR DAL OB/ RS TND.

DT IO BARB 7L IEE LT, £, AKONEIC IO E I L 72 REE fa PR AR O 4L 12 50
—100mg & 10ml D7 IZRBREIZED, HITHR OB e 2%, =R T 1 AEETD. K
[ZiE DB IR L= 0%, EHALIEORIEICHWS.

SRR EHC R L CO TRV AT 7265 R, CuKa:20=12.3" (T D [E i OB B 03 42T
R oT2Ted, IAVFARDEEL TORNWZED MRS AT,

@ TUBEDFE

VA T DA /3—/L CT &A/3—v A IZLL T OERIZESWCRIEZI T2, A/3— b
CT 1%, ZVANMNTGAREN V<A RDOARBAIDOIRTD THY, EF#HIZIE CuKa:20=21.66 THfk
RE—INRBIND. — T, A3 A VTIERE THLO, BIHFRICIEAMERE — 788N T,
CuKa:20=21.66 % H LM IEFF TR AW T OEGEL (T e — R —27) D38,
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AE D43 HTTIE, CuKa:20=21.66 ([ZHAB/RE —27 2 BHNDZEN 0, MRAE ko BE 5 E e
SRR 72 U IS DAL e A X — L A A — )L CT— A DT, 473—/L CT D
=K ENDTENGTIND.

# 3.2-3 X BN FER—&

AEE 1
Aokt HeP g =2 77 5B GL.-341.40 m)
1 5E A
FERE A/ =L A
U TG F/3—L CT O
cNU <A bk
JUARMTA B
P U EA
REA A
ZE PR A
sl A
L5
.- BEiha ‘
BT Faha
ARAXTZA B A
K- e =
ERE A
HAY
%5
LB O Hi&E, A VE, A DEMME
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3.2.5. ZERREATHIE
AEDZERR A ETHZEE HIEL T, KREBENEICEDZEROMIALR AN EEIT-7-. H
B, BERLTZ G380 D, BAKRER - WE B TR RO Z b L8 h & -,

(1) HE H5 ik

IREREATEE, AKERAS HHER0 s 7 RS 6h LTl 23 K&, IRAUEAS NS WSO AFI L
FbOT, MR E B, BEERIICD, MILESAN, MFLN LR ERRE 2RO HZENT
5.

KEREANEICE DM@, BEREEFTRORay A—42— (4 —NR7 1V9520: I EHIFLEE 0.003~
500um) & VT T 72, 3EHE, KEE 2.5~5.0mm BICHFEL 7-30 % 105°C O IR T 1 R 71
ST D& V.

HIFLAR S0 B L OHIFLN L R EAE ORIV TR, AR T 5 — R L L T,
RIS y=0.480 (N/m), F5LOMElfA 0=140% A\ =, FIFLEELAKERICADIE S, RFEHES, #
fili /5 D BIRIL, Washburn O#ERIE L TRIEATF LA TWS. MIFLES, MITLAN LR TR, W,
AEBRRIT, LUFOBROSIELT.

D= -(Pi}/ -cosd

m , (3.2'1)

1

S, =— [~p,ar

7 €080 Yo , (3.2-2)

__ M,
Pa = V‘_[Mme]
“ow )| (3.2-3)

np =100V, - p, (3.2-4)

ZZIZ, D HLEA(m), Pmt AKERICONT T2 T (kg/m?2), vy KEROFENR T O M i /1 (N/m),
0:KERDOFEL R I COREflA (°), Spr HIFLAN LR HiFE(m2/kg), Vimax: /KERD I KALEED 2RI TE
ASNTZREO BV O K ERAEFE(MS), Vimin® KERD /DL D ZEBRUITEA SN2 RED L DK ER
KFE(m3), pa: Wl % (kg/m3), Ma: Bk i CoRUE B E(kg), Vo ML OEFE(m?), Mme:
KERD E f(kg), pme: KERODE E (kg/m3), np: A ZNHEIBRZ(%), Vsp: 22 BAFRE (FALE &4V D%
BriAfE) (m3/kg) TH 5.

(2) RIERR

3.2-3 IZA B DML AL A FBRRORRE, £ 3.2-4 ITKPREARBRFE RO —Fa%
AT K 8.2-4 K0, AEIOFERTIE, MIALFEEE 0.1pm (HELL T OZEROFNIG %L, BEEOHNE
R R LT RO R LT R e~ T
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60
50 |
£ 40
£ 30
R
i
HI
ﬁ% 20
10
0
0.001 0.01 0.1 1 10 100 1000
MALFEE(um)
3.2-3 JKERE AVEZ L DM FLER 70 AT I E G 2R
# 3.2-4 KEPUEARBRIR T
Vs PR REMILARE | BREMILLREE | SERE | BEEE
(G.L.-m) (mL/g) (m?/g) (g/em’) (g/em’)
1 34.060~341.00 0.32 81.83 1.33 2.30
60
® KHARGER AR
50 ¢ FREBHERER
* EABEHRGER
s a0 | * HRERBREER
&
B 30 |
R
T
He:
B 20
10 |
0
0.001 0.01 0.1 1 10 100 1000

HMALEZE(um)
3.2-4 HMFLAEE AT TR E ik 5
(BEAFET —%& DD LD L)
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3.3. FAKHER
BARERERIL, A 27 RREHNZOWTIIIN T Vo UL AEKRER, B2IEEHISOW T E/KIAE
KRB L 7=, PL R ICRRBR iSRS ROV T 5.

3.3.1. A HIRNREE R G L LT KRR (F T = b L R K ER)
(1) RBRI7E
ARV D= bV RGBS E O, 8L O, HER#EZhZ4, K 3.3-1,
HHE 3.3-1, K 3.3-2 (\RT. AMEBORBIL, IREE(LICEDKE~OFBEL BT 5720, HE
EIRE KNI DA A T 522 THH . MBRFIEEZX 3.3-31RL, BRFINEOFEMALLT
(k5.
O #eHEbh
Sl /SRRy L, 2EEN, BENO T HREELT).
@ EEOH
FBHMIE, BlEZ 5. 3BHR IR (IS OMIE, SEARATL, ENNLETSHE
TR 5.
@ MIBRAKIEOH
B OV E FEFREFENIC— R K EZ N Z, AKJEDR—EIZRAE TN T 5.
@ KIE IV AEAEH
VAT AR N O KT E OV AR H 720 ER-SH, KIEOREEMHB L%, 7LV 7 ORAIC
FOFBHIKE OV AZER S 5.
® KEELORIE, bk
EFWOKEDORRFZEAZRIE, FedkT 5.
® KJE A
IRIE DS LT G, FHIZ T 375,
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Down Stream

Reservoir Axial Pressure

Confining Pressure

From Pressure F
r Water Pump Transducers V&Z?clr Pump _l
Rock e
Specimen
 mrarm | e
1
-

| S . -

Up Stream
— ’ Reservoir

3.3-1 "oy b L AT K BB A A

HH 3.3-1 MU y=r b LA KR ERLE E AL
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byl

JKE

T

EgEEa BE R

A

t=0 R IRF
3.3-2 FL P MV AERE R

[EBR D] [FHAOHFEI]
BRls WIHIRR E
=iz IEfED AT

Ak Et > b
i R 2R O T E
EHE O A7 Iy
FET B 7K FE D EIT - AT - B
DE=H—
KDL EREAR
IKE LA
v BrRA A D
KR KEZAL DR E
(FEKHER)
IR -
T — X FEAT

3.3-3 MY MLV AE KRR TFIE
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(2) HABRE:

R SA 2 8.3 1 IR T . HIEIZOWTIE, K 3.3-4 (12779 HDB-1 4L X UV HDB-6 LD
FERRE DFER 1990 HEE L2 8RB 12 2E1, UBHEBUREEFR Y O£ /15 FIZeRE LTz,
RE, TOREISHOMIT, KEEHERIZL VRO DN TIENEE LEEHTHD. £
7z, FEBRUKEIZ DWW T, AN O MR E 2SR EE 7 IR KA LTV % EE L CTIRIE L
7.

TR HiR
BT 7 (m)%0.018 (MPa/m)

MIFAKE : % (m)*x0.010 (MPa/m)

# 3.3-1 Sl

BREGREE EE (MPa) RABAAKIE | 2L RJE
(G.L.-m) Hi EES (MPa) (MPa)
341.0~342.0 6.15 6.15 3.40 0.10
Stress [MPa] Stress [MPa]
0 5 10 15 20 0 5 10 15 20
O T T T T T 1 T T T T T T T T T 0 T T T T T T T T T T T T 1
100 | Y 100 -\
\ =@ mEmEs> L RG mEREND
\  HEELBERS . LESAER S
200 |\ 200 |\
N /ﬁ&fr% - 0.018 [MPa/m] ] B&#% - 0.018 [MPa/m]
300 | N 300 | '
Mo
(] m| b
— L . — 400 | \
z 400 y T o\
= = .
) g
8 500 2 500 |
°® O
N O
600 | N = 600 |
700 | 700 |
800 B DHEE LTSRS ) 800 T mmmo L i
------ 6v=0.018[MPa/m]xZ - - - - - ov=0.018[MPa/m]xZ
o KICHHFRBIC LR NS ® KIEBRHRBIC LN LGS
900 B O KERmERBRI LRSS 900 B O kEmmERERIC LSRG
(a) HDB-1 fL (b) HDB-6 fL

3.3-4 HMEPNIG T LTRE D BIFR
(HDB-1 1L, HDB-6 4L) 14115
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(3) ABrfE R
"o P b OV RAEAKRER DFENTIZIL, Brace 14108, /1% H\ /= Hsieh 15 1% H =, Zi1ub
D EELL FIZak 5.

(a) Brace 7t 10
Brace %1%, b FiAMENOKEZEDERERERNIZT 40T 4 T EEHZEIID, HKRREE
KB ITETHS.

hhy _ [_Vu+Vd KAt }

ViVa G181 (3.3-1)

22U, H: 7OVREE(MPa), he:  EFRAIZKEMPa), ha: FFERIKEMPa), Voo 7T RS o
K (m3), Vao Byl R A o 558 (m3), K: & ARE OB KEE (m/s), Al & A 30RO W i
(m?), t FEEFRG), { HAREOESM), Cw KOEHERmMYKN), yo KO (kg/m?), g
)N (m/s2)

Brace i3, E FAKMNOKESEE WS, IREREIZLDKIELI B BT RS
NAREZEHTH. LooL, SAWNETE D E TR &IZH X TEEALY DLW EIZEE SN
THY, iR REERE 52813 TER0.

(b) #=+E% V7= Hsieh 7% 17
HANITFREEBELTOKEZ(LOEREL T, IRAT/REND Hsieh DD H5.

ho_ 1 exp(—ag,)( B+ 7’ ¢/ B)
H 1+p+y [7 6/ B+ 7+ P B+ (B 4B+ B)] (3.3-2)
hy 1 exp(-ag) (B -7’82/ B)

H T pry ly il B +B+7 +7+ P B+(B +18+Blcosd, (559

ZIT, om TR THS.

tan ¢ = (12+ 7)é
7 B-8 (3.3-4)
EHFD q, B, Y ITERITCECT, L FOIHIZREND
Kt o, sAl S,
S, S S (3.3-5)
S.=Cr g (3.3-6)
Sd = Cwwadg . (33_7)

Ziz, H: 2L AEMEMPa), he: EFAIKEMPa), ha: FHRfAlkEMPa), Su: bRl i &g f
@E?‘éé]%(mz) Sa: FtMIETEEDOITE E(m2), K AA B oid K25 (m/s), A: & A alEk o Wrim
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Hi(m?), t iBEEG) |, {: SRR ESm), Cw KDOEMEmMKN), ywi KD E (kg/m?),
gt BN (m/s?), Voo BT OEFE(mS), Sv T EE(mMm ) THD.

Hsieh OfETIE, b FRMOKEZE 2 ZT7 10T 40 7 SELH720, IEIZRDKEZEDREIC
FoTRITRRZENELRT V. 22T, (8.3-2)RE(8.3-3) D EA A Z LI, IREICLDKEZEL
DEXYRNTUNTDHIENREZBND. O EE, ZZ T ZEEZ Mz Hsieh & EFERZEE
T%.

4 3.8-5 |2 Hsieh {EICLAENT FIEOBEEX 29, BARZMEHT FIEIXLL FOLB0THD.

O WEENT EFRMrEfEOKEEbEE R~y T 7L, ZOLED B(=B%) L,
aB2=1 DLEED t (=) %Z KD 5.

@ OTHKDHZB BLOt #HNT(3.3-5) LV, TR Ss 3k 5.

@ @ TRz Ss LOTRD- t ZHNT(3.3-5) b, Kzkb s,

hy/H and hy/H
o
&
T 117 T 1 1| |

L 1 1 1 1 1 I} 1 1

° o
s 2

hy/H and hy/H
o
&
T 11T T 71 1 I

L 1 1 1 1 1 I} 1 1

3.3-5 Hsieh {E(C LD fRHT FINEDOE &
FT7 oV FoVRAFRRBRIE THWEREH N T A —2 %23 3.3-2 IZ/”7. Brace 1EE&7EE

% 7z Hsieh IBICE DT RE AR 3.8-3 LT 3.3-6 D T7 HIT/RLTC. Wi ivh Bl g (X H
DI LD Bl ie—BR A5,
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3.3-7 IZ, BARBREEREDRARIZHOWT, SO RE, TN ETIZE ML BEEDE K
ARG R L2 L L7 b D2 R, T, A RO R, BEEOR RO ED T, SRETRE %K
BB O FICHIRZR BT RONIRNZEN 30D, Fiz, BEEOHENEZ 6t G L U akBrs L i+
LHERIREOHENERELLD LM WS D00, [ HEFREDFE KL RTZENTND.

#£ 3.3-2 FU P2 MUV RAEKRERIE CTHW BRI AT A—2 —&

HLAT BRI/ A — Bl
A (m’) 4.15%10™
2 (m’) 4.15x10™
A (m?) 1.96x107
I (m) 5.00%107
Cy (m*/kN) 4.65%x10™
vy | (KN/m’) 9.7890
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mAH2

K=9.827x10"*[m/s]
(hu-hd)/H=0.9978e -4
m]
oo
DDDDD L
0 oo
E DDDDD
01 T T T T
0 500 1000 1500 2000 2500 3000 3500 4000
t[s]
(a) Brace £
1
&K 2
09 | >
K=1.111x10"" [m/s]
0.8 | Ss=7.695%x10°[1/m]
t*=11000[s]
0.7 £*=0.4[-]
0.6 |
05 |
0.4
0.3
0.2
0.1 |
0
0.00001  0.0001  0.001 0.01 0.1 1 10 100 1000

ap? [-]
(b) ZJE#F\ /- Hsieh &
3.3-6 7 Y=l b L RFE KGR ER G R
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1.00E-08

BIKZRE (m/s)
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150
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250 | o o
AEHZE
300
R /
250 HARB (KHE)
& EXNE BREDIHE)
o EE BIEOMHE, BRI
400 mERECOKFEAMR, BREOHE)
OEMEEEAR, BREOME)
s50 mRE KT, BEOHR)

500

O#MARE (GREAR, BREOHRE)
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3.3-7 IR L FE KR D%
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3.3.2. BZLEEI A RS L UT-1E K ER (E/KIES K EER)

(1) BRIk
TERBHZE KA, BB — —F R CHEH T EZ AWV TEMUZ. 3R E OB 2 X
3.3-8 1T d . MBREE L, MN—V—H BREEON ——E AR DOV PR 7% EKIHDHRIC
BOBEZ-b0T, JEHHIOHEE DKIEFEE — EITR-TOIRIET, B 2B T2 EZHIEL-. R
BRFIEZ LU FICRT.
O RO
TERIL 7= R DM 2 ¥ 8.8-9 1T~ d . B E 3.1-2 TEELI7 my 7 fREE GUEE 3) o
i & PR E BHIC S Vas o —F U ML, K 3.3-9 @IZRT XL, IEKDOTDDOT 7%
HEOAHT D, Mssasiciy, BRSO —H—Z2E A TELIINE, BEHEICE DAYy N
BRIT=T 7V E F B ERIC IO Var v —F 0 M W CRED TS (I 8.3-9 (b). &biZ, =
SEEET DO EAHET 7 beax oy RIZIVFED T2 (K 8.8-9 (o). ZOREET, K
BRI LD E T o7z,
@ A, HEARBEL ORI T
KHBRE ORI E ] 8.83-8 IR T IOIZIEAM], HEKflD 2 SO/ TR IAT IO 'Y N
T5. 72k, FEOMN UL, EEASCHEIOBANICZT BRALZRWEIKFIZ T To72. fSE
CHE T, WM, PR LT %S,
@ AR, HEARMBI O EAKEES 7 DR AT
BV OFNLTESE T LI ARZ KR XV L, X 8.3-8 123 X512, HAM], HEKMloZ
NENOZ 7 EBOMTS. 728, X7 OBOMHFICEEL T, By 72 BBE &ICT )N
BALZZWIOEEEHAD.
@ JEKIEE KRB OB 4
A L OB O M S V7 2B L, @K E BT 5.
® EFIRREDOMER
PRI COMEZRIEL, MENSTHFIREBISELZILE2MHR TS, ZOLEOKIAZEL, fHEDORM
RO TE K ELREERET D,
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= A
vk oo A
1EKHR HwAO
AH(m)
T RE = 7 — SOEOPZA=
[ ¥ [
SF JL A v a—
1
—®—[: T (v ]
- = I\ [ 5 & —
0—-yr7
3.3-8 EKIE KB B
20.4 mm
o it e RSSO e
EEHH TIUILIR
Eaw
I :
BOER
AR—H—
(J£&:0.05 mm)
| |
(@) I AR OB Q (b) I AR DT
d | = PN
|r| (|
% Avk
.
L i
E_ _:I

(o) IEKHRE E TR DDA

X 3.3-9 fHEIRIER DA
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(2) ABrfE R
TEKEEE KGRBR CIE, BANEI D PRI B L CWAERE LA OBEDFH K ERE T
(m2/s)% LA FD(3.3-8) K TN(3.3-9) bk d 7.

r- 9
x-1 (3.3-9)

I = ﬁ. (3.3-9)
L

22U, T BROFBKERE (M), Q: fiEm/s), L: 0 ES(m), xt BREX(m), I 8k
AFL(-), AH: 7KIHZ(m) TH 5.

# 3.3-4 \ZEKIAGBKHAEAE RO —EE T, BROBKERIUL, 1.02x107 (m2/s) THY, Zil
N =T ] CEATEAR A TR ENB D iE0 = ICHAI42) IR 55K B O BRI,
0.052 (mm) T 7.

* 3.3-4 EKEAE KRB R T (BAGUER 3K 3)

e I BB JKEA 7= P BAEOFBKERE
(GL.- m) (m) (m3/s) Tt (m2/s)
B3 HEP B 341.70~342.00 0.32 1.32x10°8 1.02x10°7

3.4. WEBATHAER
WERBATRERIL, 227 NREHZ W CIE B IE A LD IR, RN YW Tid b —
PR A FZhE L=, DL FIZENE U OV TR T 5.

3.4.1. YEHEER
(1) RBRI7E
ARRLEE O LK 3.4-1, X 3.4-2 [T d . ARBRIT, SmILHIEICLAIEHGABR Th 5. Fil
JEREST, AAaREcusntz 2 SO cERER N ——IRIREKE A, 2 DDOEILND
o —H—JR EE DR BE A DILHAR I AZ RO LT ETHS.
LA, RBRFNEICIH - T, BRI TEA RS,
O BERIRIERK
PRI, X 3.4-2 1R J9IS, BREGUEIAZ B 30 mm, JES 5 mm O PHRIRICHEZL, &
HIARXVRBIIRICIVED b DO THS. 7ok, RO MER R ITFEI 725 X BEEE0 19
HEEEL, BEEATER R 1o ISR K AT T 72
@ ffkotyh
TERRU7-BERAIE, X 3.4-1, X 3.4-2 IR T T 27UNVBEOYEEEIVIZ, 2 DO/ TEARIATe L
Ny LTz,
@ HEIR DM
BRI ME, TR VICiA A Kk E AN EZ2 I TR TT 7.
@ JEEERBROBE
MERIRDO PR ZETE T, N—— O RiA A K E R —H —¥EiR (F7E BV A(KD KPR
1R) 2L, SEBGERBRZ BRAA L T=. ZORE, B/KARICEDER OB AE LWL, M —H—
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W BLOWAA L AKDOEREIZESIZ 50 mL &L, WA OKMEFRTICLE.
® WEBNMNFIRDOT > TV T BEOWA AL IKOMFE
BRI 4 HIZETIE, 2 8 H OB TRIE 'S 20 mL %7V 7L, 407
T BRI BOBA A AKERE R T LT, £, 5 B%LEIE, RO T 1E B O
FECYH AV aFE L. 723, MIER A DORAA L KOMFIZEVAECLHIROEEL, o7
Vo 7O REEDRENOHIEEZTTo7.
® T NDoHT
YTV T TR E ENDIVALAA PR EE ICP R0 e/t (8 & T IRAE:0.01
mg/L) IZLVRD 7=,

55mm

FL—H—+)L_—] NJAE )L

80mm

3.4-1 PR GRS E A

it 727K

Ve
r

(500mg/L)

3.4-2 JEHGEBRAEE B L ORI
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(2) HBRSAt

# 3.4-1ITHBREMO—Eard . b —Y—IEikIZ3 v b ) AKDKERZ A, he—3—
EEX, It A4 L DEEZ S SITHIE L. £, IWIREEX, 3 eA4 OBIbIZ L 501E
FERA~OFEZEZELC, KRED T 500 (mg/L)EL7-.

# 3.4°1 WS H—%
HH ELT PSS
AL AYT (KD KA
Fo—H—t/L [ | -§RE: T- 500 (mg/L)
<7 & 50 (mL)

. WA 7K
I E 2L

5 50 (mL)
R =iE (22~257C)

(3) RS R
B RZ N 8.4-3 IR T FLIVCRRBRRT R Z HV, LU IZB <505 IE TR R B 2 R 5.

O Rk
—WRITDIEH TR X%, PG Cpt, x=0, t=0, 0=x=H, BER 5 Cp(t, x)=Co, t>0, x=0,
Cp(t, x)=0, t>0, x=H OHL L T ZLI12dy, kXE55.

. . . sl —_ ¢ . 2- 2-
Cd:SrHCO{Det_g_2_OlX {( 1) .exp(_Den Vs t]H

Vm H* 6 xn* % 2 H? «

. (3.4-1)

ZZIZ, Cp: MBEAKFOR - —H—JREE, ¢ B, xt IR SO HEE, H: 3o ES(m), Co: b
L—H—t O —H—RE(mg/L), Cd: JEE/LFHOR —H —RE(mg/L), Sr: 7k Wi
f(m2), De: SERIEHARE(m2/s), Vm: JIE B/ HFOEEAFE (M) ThoH. F7-, a FINEFETHY,
a=n+p-Kd(n: #HELOFDREIRAE, o SEIOEEE (kg/m3), Kd: 2ERE(m3/kg)) TH- 25
D.

ERG4- DA, REBREEOH FORIEL CORWIIEIOIEE FEIRRBIZEITS Cd DOf%RE
BALERLTEY, HHFREOKRRINRIE L%, INEEHTE5. it-C, EREG.4-DiF, T
(R R(3.4-2) D IH T EHED.

Cd

_Sr-H-CO(De-t a]

Vm H*> 6 (3.4-2)

DFEY, ERNIHARENL, R IR E N OMEE NS, (8.4-2)UkRDEND. EBIZ, R
T DILHRRE AR AT HZONDFA LT TR > TR T

H' _De

6T, o (3.4-3)

Da =
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ZZ1Z, Da: AT ofEEtRE (m2/s), Tine: HIE L FOR —H—E823 0 L7 5EEH] (s) THD.

© iR R

FEMTIZ RO SR D T2 FERNTEIAREL, AT DILBARE B L ONUE R EA K 83.4-2 (T . FERILHSR
X, 1.79x101 (m%s) THY, BEAEOHENJE B A3 R L LT3R REAZIZ R ZFEOE L/ -7 (K
3.4-4). F=, ISR EDORDOIZDEREE RO DE, 0 1TV MEE/RDZENE, Lkl ~Dav{b
AF L DIERITIEF NS DEEZBND.

* 3.4-2 PGB R
BEfET —4 D10l L)

gy Ao . . A%
T e . e | DURRR | SRR .
| HfEA | B4 PEREREL | HREUREK Hilnes
Z Mot a () Ka (m3/kg)
De (m2/sec) | Da (m2/sec) ne ()
B SIHL
AHTE | HEWNJE | 1.79%10 11 | 4.03x1011 | 4.44x10°1 | 2.38x105 | 0.409
Ay L
9-2i1 4.19x1011 | 250108 | 1.67x103 | 0.00X100 | 0.426
9-1i-h | 2.94x1011 | 3.38x10°10 | 8.70x102 | 0.00x10° | 0.426
9-1i-v | 3.52x10°11 | 4.26x10°10 | 8.26x102 | 0.00x100 | 0.440
HEPN & :
2-2i 2.34x10°11 | 6.86x1011 | 3.42x10°1 | 0.00x100 | 0.414
3-4i 2.55x10°11 | 3.36x1011 | 7.58x10°1 | 2.40x104 | 0.384
4-2i 8.16x1012 | 3.84x1011 | 2.12x10°1 | 0.00x100 | 0.332
10-1i-h | 9.22x1011 | 1.76x10° | 5.23x102 | 0.00x10° | 0.486
10-1i-vl | 9.60x1011 | 2.97x1010 | 3.23x101 | 0.00x100 | 0.486
11-2i-h3 | 3.22x1010 | 4.63x1010 | 6.94x101 | 6.43x105 | 0.639
11-4i-h1 | 1.46X1010 | 2.93x1010 | 4.97x101 | 0.00x100 | 0.546
P PR 2.13x10°10 | 3.21x10°10 | 6.63x10°! | 4.91x105 | 0.615
i AT ' ' ' ' ’
F"Fmﬁ@ R
6-2i-h | 6.78x10'10 | 6.01x1010 | 1.13x10! | 5.42x10* | 0.598
6-2i-v | 3.30x10°10 | 1.58x109 | 2.09x10°! | 0.00x100 | 0.596
6-4i-h | 2.59x1010 | 1.56x109 | 1.66x101 | 0.00x10° | 0.534
6-4i-v | 2.08x10°10 | 1.29x109 | 1.61x10! | 0.00x100 | 0.537
B SIHL
] 1.15x10°10 | 2.60x10°10 | 4.43x101 | 0.00x100 | 0.524
gy L
7-1i-003 | 1.44x10°10 | 5.52x1010 | 2.61x10°1 | 0.00x100 | 0.447
A 7-1i-902 | 9.50x10°11 | 9.41x10° | 1.01x102 | 0.00x100 | 0.469
- 7-2i-2 1.17x1010 | 1.02x109 | 1.15x10'1 | 0.00x100 | 0.440
7-3i 2.32x10°10 | 1,70x109 | 1.36x102 | 0.00x100 | 0.457




EREEL R $De(m/s)
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100

90

80 -

70

60

50
40 ‘£H?09£9>e0
30

20 -

concentration(mg/I)

10 -

0 5 10 15 20 25 30
time(day)

3.4-3 LA R

1.0E-08 1

| o HmE (AHE) :
o S4B (B OHR)

10609 | o 75 PAFE (BEE DBIZ) = .

| o #HE EEOHR) *
o INC2000L K—h BB SR JE | £s°

1.0E-10 |
1.0E-11 |
1.0E-12 |

1.0E-13

1.0E-14 ‘ — ‘ —
0.001 0.01 0.1

ARREEEN, (-)
3.4-4 FAMEIRERE AT IR D BIHR
(BEAE 7 —5 DI LD L)
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3.4.2. P —H—iklx
(1) RBEE S IOHIE

M —H—3BL, a7 B OIEHERBR TR W Ege L E 2 IS A Lo B o b — 5 — 3Bk
EEEZHW U To. RBEEEOME AKX 3.4-5 |TRT . REEITAEIEZ R —H—1&/L GEAMD) &
HIEEL (BEKED D 2 DOB/LTEHRAGAR, "—H—E LI —EFfE T — —IEREEAL,
HE B VAU OFS IR FE ORI ZWE T DL D THDH. REEOFHEZLL I RT.

TEANTRENDIRLTHT T 7 OB

FE N DAL

ARFE DB T
ZIHDOREEND, ARBRIEIL, 4 BIO IR T & T CORREITONENSLIGHITH

kR IEChHDHENZD.

725, RREBRTIE, P —H =R OENTRD T R4 @G TR T 22 &M AT BRI U VR
YT ERAWV, JE RO EREICIE, A4 A—F—F W, E, BERER, A4 A2 —
(CEDHERFHH TN AT, IR o7V 7 0k 1 B 2 BOBEE T 7Y 7 %470, ICP I
XD — P —RESI B T o7z, £, WIE VNI S b — S — IR O FE 3 A — kRIS
THEDIT, JIE'ANIZ, FF, A2 —F7—IZL5MEPE T2, LUFIZREBRO RISV TR
2.

DO VIR T DORRE

3.3.2 HioEKEHKABRETE T LI, K 3.4-5 (- X9, IEAMOEEEZ N —H—7E AH
DIV DR TN EZ D, ZORS, WIE'AWIZK T/ ULIREE T, JEHAI S L7 2B TR
CFEE, VUV NTUN UM IEAAITE L ETORVE NIL, HENUD R ——IRIR Tl
=LTEL. ZORE, BER = VT NOTT Hhx a2 EICFE T 5.

@ b—H—EH~DNEZ

SlEfeEE B MMO NNV T ZACTEEE, EAMELVANORA A KEN ——IFiE (3
o AKDAKER) EANEZ D, MEERICIE, BBINZRD TRV E M Tl lc =7 R ALZRNES
WCHERET 5.

@ VDR T DIEE)

MBS D = SV T B RUA AR 2 R, SV VR T ER BN T 5. U URC T,
RENR, SV PO EATA L — O U T ETHEAG RS EITRBRN T, R T hhE)
ERITRE~OEANIITHT, FLAV T EICHEKL, SRR EORIEEZTT). HRITEN— IR
ST Z MR LT R R CRRBR A B AR 35,

@ F—H—HEROBH 4G

VDR T DRI RN — B2 oTe ZeZ MR LT 1%, {EAAID =573V 7 25808 5 )iz bl
R %, TNERIFRFCHEHR DO VT EBRRL, M —Y—BRZ B IAT 5.

PR SV T 2B T D&, JIE L NI - Sz KT PRl O HE LD Pk S, JIEBAVHNIC
3.4-5 DXH 7L E TN DPERSND. AN — P —IERIE, BN ERZ @Y, HlE 'L
WAPEH SR, HlERLVAOETEGRL, NS~ P EnD. 223, HEvLAIE, BEHEh:
M —H—DURENF N —ERIZIR DL, B, A2 —T7—ICLDHE T o7,

® HEBNMEEROIRERE RS IO 7V r
AF U A—=Z =L DG RIEIZ LY, SRERBHAAE %0 O E B /AN O FE IR R B DR R 22 b2



JAEA-Research 2009-060

ETD. Fio, MEROT-0, RBRBIAAY H2vD 1 H 2 [BOMEE T 5 mL OV 7V 7 %470, ICP (12
EaavibA A DRERE T2, 728, Vo7V T H%ITFERED A A K& R E VI
FeLiz. EBNLOWAL L KO FNZIVECDHINO BT, o TV T LI ER DO EEZ DR
FEMNBREIEAR ST o7,
® YT ADoHT
P TV U IS & EN53 b A4 (DIRE% ICP #5655 Y6 /0#r (E & FRR{E:0.01
mg/L) (2kVsRDd7-.

A A
/imm
TTRE = $rFyrsn
[ ] A ]
‘l; 0 [ | £
hL——BE e g |l
(KI) T o
8 BRAA K -
4 N [ ®
—H | N\ [ B
Trrm—l:]-ﬂ o—yvy
RE—F5—
N ORT

3.4-5 BRI — — 3B A

(2) ABRE:

R AR 3.4-3 1T, P——ERIRITIEBEBR L FERIS, Vb DY 2OKESRE V-, F
72, TEAT DI = —IREOREBIOEAT R, WERLVORE, VI VR T ORE, A4
A—H—DRIERE D, T 500 (mg/L), 33X q=0.0017 (mL/min)&L7=.

# 3.4-3 F—V—R Bl

B SE
3 b H U 7 AKD AT
R L—H—p LA | . JERE I 500 (mg/L)
« FEAVE © q=0.0017 (cm3/min)
HE ' L WAk
AT A—F LD BERIE




JAEA-Research 2009-060

(3) FBRAE Fedo L ORAT A SR

Mo—H —R B AE R AKX 83.4-6 RS, 2k, BB RIT, ~ N 7 RIEBUC LD IR IE D 8
T, WEREORRZO T vy b3, I LD EFLTWDLIENGn5. £, o7
Vo7 LT twiE D ICP IZKAMIERE b A A A—F — AR E DR BT, B —&LTHY,
TR EERE DS FEMEDS BN EDN DD,

HEH B ORI, RBR T CTIRE LR OARN L DL TS, RERET% O AR &
%, 2L TELT, EEORAKSELHERIILTUVRNIENE, REE T TR N L
ATREMENE 2B,

© fET ik

FREORBRAE AT, BB E RO KM% 5 2 T BT I LSS 7R B R R e et
BRAGEIRED T 4T 4 7LD, BEEOWERATH D E2S QNS #ibREk (G 2 f# T iz
ROT=. BAEFEHTICIL, 3 Wt E A TH##T=—R FRAC3DVS ver.3.49D:19% /-,

fENT S 23R 3.4-4 (R BERIV ST A—Z LU CH X - /KEEBR g, ~ N7 AEOE KR, ~
R ZE D S PEHAR SR, BRI, AR OB KRER, JEHGRER, AR TR RE22 B 10
T, ATV (X 8.4-7) 1%, BT A L= 3Bk R ST EO Wi o Bl AR B L2 BE E L,
BAEZHA TRHBELIZL D THS. BADIEL, EIOIE) NS 2 —H —DiEE =L 5 [V - fE(20
mm)&L7c. 7, MAFMOREIIZONWTE, EBEORBRIZZOEEET MMLLIZGE, Kol
IZBTDET NMEROREEZ T, BHANOGHBRICLOBITE IELGHE CEZRWATREMEN 85
72, 7V EOREHESZEBEORBHESIVE RV 250 mm &L, R A 2 EEEOREHE T
5% 50 mm HS LU, BAEITEEE CTET UL, 8ERSML, AhmA/KEEEER,
T Z ARFEAKREERE LT, 220, BRSNS ERESMICL b0 T, A mAE/KEEEEL
7=DIX, N7 A LRGN DR BB RI TH D20, fi#hr b, fiEE EE TN T
H5.

IRE, TAvT AV T RRITIZER T, W4T DEIEE L N OB LA 2 9 Rl B AR o
X, S BEIIMOE RO DOSLH D OESICRESHESTHDT(K 3.4-8, X 3.4-9),
W TSI L CIRETAIENTES. 74y T4 7 OFRIEEL T, 7, thifoEZIcEHL, B
BRATH QIRZEL, Z0%, FIHOSEE EAIZE B L, DHEDOREEZITH.

@ FRHTHE R

3.4-6 HICEMRCTRITEREZ T, AENE, RBuRH CRE LR OARNEILL THDT=D,
BIHFIZRT 8 7 —RITOWT T 4o T o T 24T o7z, R OfENTHE R OITHABROFTHICE B L
Toir—A, FRNTHE R QIL % 2, RS B OITBR ORI L4 DR L U RICE B LIz —A
ThD. 74T A T IZEVBONT-WERBATH DE, 28EI, T2 i30T 0.052
(mm), 0.02 (m), f#EHT#5 5@ T 0.056 (mm), 0.001 (m), FEHTHE @ T 0.052 (mm), 0.005 (m)T
bote. 122, A —H—ilBrix, P —— O BREREZHEL CTRY, MBRE Lo EL
biX, ATEOREE\COEEL G o720, SBRE I B LM ROIXSZHEEL TE 2L
LT 5.

FRHT S RO F L OBRHTE RO, WE BT DHEIEN T ELRICETHDHHY, 5 BRI RATRE 5
OWBENTHE ROD 4 fERELRDFER LI T, ZDZENb, REETIZIWT, BRI B
A Mg 2 3, BRENOTE AR DM SO BRI L > TR L TREMENE 2 5D, fRAT



JAEA-Research 2009-060

RO ROOELLEIEL T 20NLEMmO RN H DM, 4 IR ORI L% L0 Y
HI72 LRI H LT T i RO AR EE T 5.

FEMTHE R B DO, WERATH HiRIE, Al I L7z &K E KBRS D = AN IR
DI KEB AR LRI U CTH-o7-. — /RIS, BAKPEICE 532K DiglE, AREONEZAD
PRV 20131, WEBATH NRIE, FERRE DROEEL REZTH720, MER
1TB RO J7 23K ERBE R LS KELRDZEDHESILTOD, A ENI AN TOFAT ARGEC
HHT2D, W BRI 72> T DEE 2 HID.

3.4-10 1T, WERBATH MR E K EARBOBRE R T. R, o7, BEEOHE
IZBITHR — Y —BRAERE, JERA A (&0 80U R ERERS) [ZB W T, JRALEART— LD
BT L THEBIN N — P —3RBREE R 202 783, R ERERASE R CI, MEBITHOE e &

BARGEH T Oz e = 2T DRERAREN TS 1975, SEOMIRRRIE, ThEDASOBN
WEAELINE. F, FEED, BAEORBRERE SO ENI — 3 — R 1L, B,
e = 2T ~ = HIDMIIZAD LRSS,

SEEICHOWTIE, —IXICRAITRIRD 1/10~1/100 Dfix =TS DI TEY, TR RO
ZO/EEIFIE—FL WA,

60
[fEMTHER]
@ @ ©)
50 | |#&E{TEOME(mm): 0052 0056 0.052
HELE (m) - 002 0001 0.005
40
S
230 |
o
20 - BIEME(AA Y A—5—) ||
HIE{E (ICP)
— BRFHERQ
—‘ﬁﬂﬁ.ﬁ%@
0

0 50000 100000 150000 200000 250000 300000 350000 400000 450000 500000
B (sec)
3.4-6 ~—H—ikBRS R



JAEA-Research 2009-060

# 3.4-4 7oy il — Y — iR BRI A St —

~ K7 RER ~ )7 2R ~ N7 2
. FEACR | KEER O
SR R REREI ks | SR | A ammE
(cm3/min) (mm)
(m/s) (m/s) (%)
Ak 3 0.0017 0.052 1.11x101 1.79%x 1011 40.0
BREARAL | REBRSE BB B P AR FeA W MR
IR MERIOHEE | ERIOHEE | A RL0HEE R XHEE
rL—H—E AR (P=¢, C=C0) L —H—HEH & FRr (P=0)
P mmmmmmoemmoomoeooeoooooooooooooooooo ~=—=2/1 | 38.0mm
; ——
: ANDAMR BHE
// /;0.0mm
< >
250.0mm

3.4-7

R =4 — RO S GARF 3)




JAEA-Research 2009-060

60

50

(M ERTROIE)
40 CILREEDEILDIEECHE

30

C(mg/L)

MEHTHRORE
20 |

10

0 50000 100000 150000 200000 250000
2B IERE (sec)

() WIEB/L N
600

500 |

400

WERTHINIE

C(mg/L)
w
8

| . x
200 |
100 R
\
|
0
0 50000 100000 150000 200000 250000
#21BEFRE (sec)

(b) Aifita dh R

3.4-8 WERATE] DR RLSE



50

45

40

35

30

25

C(mg/L)

20

15

10

500

450

400

JAEA-Research 2009-060

[(HEER]
TILREEOELOWMEIZEE
(BEDEZICIFEZELIELY)

50000 100000 150000 200000 250000
@R (sec)
(a) HE &L
50000 100000 150000 200000 250000
#ZBRER (sec)

(b) it Hh R
3.4-9 BZLPNHETT M4y B R DIRE



Transport Aperture [m]

1.00E-01

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

JAEA-Research 2009-060

el L]

® AR DHARIER (HAE)

O BMENHEDHERMER (BB _

O BHEDHEDHBHIER (FE) e=10/'T

¢ Kamaishi In-situ Tracer Test (SF-1 Test) /

& Kamaishi In-situ Tracer Test (SF-2 Test) =) /_T A
& Kamaishi In-situ Tracer Test (D-zone) €=

e=1/T

Cubic law
o

<

AN THPAT AR R R L LT3R
Z OMUTRINBRZ G E LT

1.00E-12 1.00E-11 1.00E-10 1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05

Transmissivity [m2/s]

3.4-10 ARSI ER T M DRIR
(BEFF 57— % DID20L D)



JAEA-Research 2009-060

4. AR — BT OB

HUIE PR I BP0t T b sk COFTHA M FE BRI, K BR AR I 7 B A i 2 6 B 12K
BRSO — B 2 L, £ DOKEWEBATRMEA TN T 5. LInL2Rn s, JRALE TO
AR CITRE RSN R E kR 2 7 RHERME D, 20— T, AAREOEOREZEINRES
NL5b00, FAPEE W2 NIRRT « OEZBREMF 2R ICHIE T2 CREDOEWT —4
DEFFTE, 3 BOISNE B FA— M AT — VOB AR R E LT BN E i TX7-.
AL, M REE AR AW BRICEY, TR FE THREL T&T — DI RERAr—)L
~OFEAMEZ DWW TIRFT T 5L 612, R ERBRT —# M EM7E T 5 EELRFL QOB ERD
5. DD, JFALEICB T AR B £ 2 - KOS AR OB B0, KA G
BRIRE LT KRB ERBA TR FIEL IO ORI R E @ U2 7 A — LV ORER T — 2D bR E
R —= VDT T A= 7 FEIR E DR BB L7025,

ZDH56, KETIHE, Bt em 27—/ (K 1 m ) 07 vy ZROE AR R EL, TRed 2
SO B IZHOWTHREF1T).

O TuyZROBEAREORBUT L

@ FuvZROEAREE 2B KR — T — kB 715

4.1. TayZROEAREIOEREUG 15

4.1.1. RIS
ARETHHOMNRET D7 0y 7RG A ORISR EZ L FIZRE T
BRI MR AR M B FE e 2 — B R BTE N
SRBHEAR : 7 a2k
SBUBE ImXImx1m F2EE
BUEHIER: BB A A E T



JAEA-Research 2009-060

4.1.2. Y7V ER ORI
(1) A —Y—BIWEAT (FA LRIV 7 (R )

REATL, VA —Y =8I ET ARV 728D, KMEDPHLNT 7B A TERWEER 36 LUK H S5
ORI T 0y VAR I AT ThH5. [ 4.1-1 17T 5912, BBOEBEET A RV 7z X0 o)k
L, [KHZETAY—Y—IZE0YIMr3 2281250, 7oy 7 kOB ERINT 5 LN ARETH 5.

ZDTAV RV T H P LT A Y — Y — G B IR 13- )88 D BEAF i s O fif (R T2~
FiEEATH. FALETIE, KEOEFa 7 —MxtReL, T4 RV T, VA —y—gliLbic
HETKHIFL, MK G2 TRl TS, ARSI T AR R EL T, =7 AN, M EW S 23 Thi
TW5. AV AR, 1.0 m~1.5 m f2ETHS.

FEE

o e I |
% ) g

DEITR—2TFA (2)r JL AT D EE T B B @ RERD

=

TA — U EE

1. ]

A E R—) ooz GEET 14— —ih ®avsU—kZovs
@EITHR—) LT FET BB L

4.1-1 VA — =W (FAL RV 7 GEH) O




JAEA-Research 2009-060

(2) UAY—Y—UIlrHd (R =V 7 4 fLOFA) (FEEF5 3178560 5, HFFiTf 3730690 %)

(D LRI, TAY—Y =8Il LR =V ZHIFLIZEY, BEE B X OREZE NS R 7 oy 7 2 8RBT
LEMTTHD. (DEORERENL, BEIOHBEOUIMIIT AL NIV T EERET, 7ays 4 BOR
—U T AEG R ELT, ETOHEEYAY—Y —ICXEGHN YW 58 Th5. i TEEO#ENS
TAVRIN T EATORWEED, (DXL THOER TARTHLEEZLND. K 4.1-2 ([THFFOME L
R KO X 7E G YT A1 TH 721X, VA — DA EE2YIBiE G CEFE 20 ERHDHIED
D, VAY— DA EELIBMTEL IO A E A AT —)— (X 4.1-3) 2T 5. £iz, AIET—V
—DRESIE, 200 mm BETHLH2D, ZNARET 2R =V 7 fLE, 300 mm FREDEHFOT A
YRV TS KR ABRDOHIFLA LTS,

®Eﬁﬁh mp ij#ﬂ /ij

DREE Y AL (SIEE P BEEVINTT @B I

@Mr—U—E  OUERT G E GBI IR TEFENET & TR
G7oyoElik BT HE HEVFET Tt BRI LB
(a) MRIRTTIL (b) T A Y — Y —IZ X DRI Gk

4.1-2 A ——8IWr T (R—V> 7 4 JLOFH) O3

4.1-3 A[ES—)—



JAEA-Research 2009-060

4.1.3. WRAEHA b~ F M & H AT A RILE
LLFIZ, 4.1.2 BRI 7V 7 HATIZ W T, BRAEY A b~ 15 A4 L3 W A 7= B i g 72
AREA TS,
O HEBEF~D5 7
T A% —— Wi, S OARERIREL CHBESNZHATTHY, YIoxt gL, i
g 7V —hThd. 207, FEHIHCE 7R AE HUS O HERE S ~ D3 FHMEIZ DWW T FE 712
TRV ERDHD. B, BAENERL, SEO A S ERHER TERWIDREIT T, A=V 7 Hl
LU B O EIZ LY, BB R T A RN B DM, YIErE OFEL OIS K #EA £ U5 AR
PR BD. LIciio>T, VA —Y — B it om FHICERL T, B i3I B YL TEDIR R
EHERFT AN ARG LL TE BN,
© B OEE
AEHT, BRIOFIZIC B RBRE G UKL, MEBITRBICHEHINDZEND, xgll
TRMOVEIRE R LTDIREETRINT 22 ENEEL V. LG s aREtO TV 7icu g
Y —y — U BT A 355 A1, AL, BIWT, #EICERL C, ABhR 2t R AR T L Tl 22
NdD.
@ B
WRIE VR M WFFEFTIX, AX T A% TRy T2 WM T ADMRAF T 28R Ch D728, JLENT
DYEFEDOBRL, Bi@Ekt Rz T 20 ERH5.
@ RAFHIE
WRIE S A SOHERA L, B L3 13720 DD, RIS LA UB O fREE SIS, £,
AEHR I GRBR S £ T, B0 BMIRGERLELRD551E, BRLBTIEZEOR R EMRFIL TR
SHERHD.

4.1.4. HEEZBELREUTIEORSE

FROMEEEE LTV A Y — YUk T ay VBRI A DL ISR E T 5.

4.1-4, [} 4.1-5 [ZHEAEOMEZ R 3. ABRIUGIE, 1T 4.1.3 #iTHIT7-iEOITx
DR RE G ATETIETHY, RN B S fECR TR & T2 xR L, #5, =RAEIZ LD g
KR AHELTRAE T I T HIEAAEL TD. RERIUTIED AR IRE X HIL, MGLT 57 mys
ZIAL RV THIWL, 3B RREERS Ik D7=012, BFHZ /L ZVEICIVEET S, OB E L
FPHID IR KRERFHHET A —Y —TUIW O &, BV EIZLDEET IR AT A —%%
ERETDHIHIETHD. ZOFIEILLY, fRETIHTavrE2mOHI L, BT HIENAIEL /2.
4.1-4 | TYUEERNGERE T AN, X 4.1-5 XYLEREmE DK WIS 7 my 73R A B I 5
EERLTWS. LRI, B D OB ELRE DO BUTIEIZ /3T T, 22 BARR 78 B
FEZRT.



JAEA-Research 2009-060

[EBRNOERIT 25 5]

O BROME, REOESIMREEZERL, 7y OB Z R E T 5.

@ XMGET LTyl DREMETAL RV ZIZE0EIWT§ 5.

@ TFAVRIN T HE LT E T O 7 vy LJEEBEORICE N2V EF T332 (BT S U Tk
2R E T D).

® G7 a7 MMINZT A — =IO 0 &5 R =D 7 H (4 R)EHIFLT 5. 725, B—V
TR, AR = — AR E T D%, TARII IS AR REN (D300 mm 2
).

@ SMAIFEIRZ T A Y — > — 2L %.

SMEIGEISE O TU BRI R 7 — AR E LR 5.

¥ 272U, AMAGEIR O U A — > — B 515 (R—Y> 7 FL 4 AROFH) L, B EER W=D,
ANCARGE RREEZATOLEDR DD,

HEIOvY - ELAL

QP PUPTEE QRE@EZA I T QREBEELZIITHR

U{i'\”—‘/—ﬂlﬁ #ER7h—

@E— T IR O 1% —)—tiR GWER7 U h—RE
4.1-4 7oy 7 REHR T RO (KR HEIT 556)




JAEA-Research 2009-060

[BEm DRI 25 47]
O BHONE, FEO B SRl EBEL, 7 ay7 ORBEFHZRET 5.
@ JBLTHT DK ETA LRI ZICE0EIE$5. ZOR, KON R 2 5)
Wi 5.
@ FAVRIN T HFER LT E T D7 vy 7 LD B ORIZE V2V EFTR T 5. ZORE, % OfiF
KEEBELT, T700 -y —NELRHRE TS,
@ g7 ay oM, EmET7A LRIV 7208k 5.
® EmEFRIERIZ, ARV T2 I LT ERTICE N Z VAT T 5.
® ®BRTayIIMAOFEEIZT A — Y —8IRO80 0 &2 58—V 7 L (O 300 mm FEHE, 4 &)
ZHIFLT 5.
@ AMAITESZ D A Y — —I2 L0 k5.
AMAIfE s D DU BE L2 7 o — 2 iE Uk 5.
X 2L, MBSO U A v — Y —HIk iE (R—U 74 4 ROFH) 1%, BHERES RV
W, FANRGEEREZITOLER D D.

ELRIL

. 8

@EBEEILZILITH
T4 —— Gk

P AR

HEIEYY SALRYYLY

/A A
Z
é’u‘ﬁ%ﬁﬁ/ﬂ

QYT THER

QEBESIVEIILYT

@RmEmSA1UR))T
A7 h—

\\

SHIE BT %

GORBEEILZILITH

®R—Y T HIR

@71 —y—tIkR

@ A7T H—RE

4.1-5 7y ZBHERIUGIE R OMEE (BEE B IT 55 6)



JAEA-Research 2009-060

4.2. ZuayZROEAFEEE AW EiE KR — - — 5Bk 75

Ty Y A — VG LUK, Me—Y—aR (RACE SR, ENRER) 1T, BARMIZLLTOF
ECEESNDLDESE 2 HID.

O #GBaHDEE

©@ BHOME (R—I 7 HIFL)

@ Nyl —RE

@ FLEIEK, b—P—akBk (JFALERER)

® oy ZEEH( FE 4.1 TREL-FELEH)

® =WNBEK, b—H—ikBk (ENRER)

4.2.1. JRLEHE KN — Y —RER Tk

FRO~@DBHEDEENSFNE TOILRMEK, N —F =B ETOHIEICOWTRETD.
4.2-1 BIOX 4.2-2 (TRBOMEZ R T, ARRBRIEIL, YUERE R (SR 58285 LA
AHA DMK A T (BEFO D EET A5G A X EmA), 2 (b UIIEER) I L TR A ICR T 58
SRt R LU THIHL, "R 8L ET 2 AOR—V 7B T, BAKRER, h—3—ik
A EHiTHLDThD. A=V 7 OAEE, BRI OR =V T HINOBHEO HBIEEZHEEL,
BN, T 57 0y 7O RAHEIAIE T DIICRET D, 72k, ZZTHEATLR V7 1L,
BOT oy VBRI OTA LRI T D — % HiD (K 4.2-3).

BRI L O — V=3 BR O /KIE, ALK (B LI —H—A41R) A3, U8 BE ]~
T 2Z L2728, BERIEDEEH IV H TRZEL TWDAR =7 LniEAL, BEEIZUTW
FOR=V T HA~PEH T DI @K I AN EEL. £, FLEEEEEY, 7oy 7o Rr—ic
PV 1 m BREEET 5.



JAEA-Research 2009-060

Ry REEEE

K=o 5 H, K=YV T
(o) GEAR)

DL HRBR
FEE

MR (Fh A E)
4.2-1 JFALEFLFFEAK, b—H— Bk 5 B0 E (NS F 3585 5)

A= T A,

L2
()

TEE EEEEAR)

IOy iREEEE

A=y 53 HEBH
BEEX (A-ABTE)
4.2-2 JRNLEFLRELE K, B —t—3RBR 1= O (BE w7 b FE 3555



JAEA-Research 2009-060

AREBBRAR—L Y ARERBAR—YLY
o GAVFYU TR . (SAURUYL T AFER)

JEAR S DERID G5 6 BEE DO DS &
4.2-3 FLEFABRHAR =V 7 &9 7V 73R O IE BILR

4.2.2. FBNBKI ——ER 7L
(1) RABOHEM

FEWNFEKR —H—RER D HZLL TR,

O BRBHEZMNGLELT-BHOBEKELREL, WEBATHOE, /58RO
@ ~ N7 APEHC B3R A 50 T D F A

@ h—H—FBREFD~ N7 ZE DKL G346, M —H — R 534 O s

@ Ar—h RO (CHETOENFARTIE, 2 ecm~% 1 cm)

Tay il B e R REUTZENE KN — Y —3BRClL, a7 R Rt GE LR BR EERR IS, RN
DK, WERBAT ST A—ZORIFRC, ~ N7 AYLBIC LD BIES ROFHI A 7oL Lbls, a7 k%
RREUTRBRAE R LD I LY, AR BN~ N7 AEO RGN T 5K /T A—Z DA
— ARTFVEIC DWW CHERBZATD . A — UARTEIE DO RERRIZ, 4 14 O JRNLE N — H— 3 BR D G >4
ANED O EBITIHEIC B W CTEERM A LS, F2, RBRAr — &2 KELTDH288D, a7R’
B CIERATRE CTho 7z, BB O~ N 7 AN D IKIES R —H— R E S DOE=F) 74 Al g
2BHEEZBND. N IANDE=LY 7T —21%, B RO A W DIENTET L ORGE R E
IR TEDbDEEZBND.

PLFIE, T ay ikl e st Sl Uz ilBroi kOB SIS W TS5 L0018, B0 BEEK T2
Te DI BRI TR B IS OWTEED D,

(2) EANR—Y—R B EOREE

BT OEAREERRELTIZENN — Y —R B, MG eT o8RRI — T —FiRETEA
L, BRAZEIBL CHHEND N —V — IR DI E DR LB DY E AT ST A— 5% HL
BT HRBRTHD. B TIEL, BORRSCRER L2 E DiENTIHLH, KEH 4.2-4 BLUK
4.2-5 R T X572 2RO FIEIZTOND. X 4.2-41F, N —V—RIEOEABLOPEH I
RO FERE R ETORIEICEE ZEORBRFIET, BN —— B TIL, &b RS
ETHD. K 4.2-5 1%, F—H —OFE AR ENIE R E TOWEIZEE 2 L2 W RBR 7L T, Al
BEOaT et R ELTZ R — S — R T AL QOB FIETHD. AR G5, BE N



JAEA-Research 2009-060

WAECIRNZD, M i B4 T COMBITE L 72 G IETHD. £z, B, PRS2 ik
REZESENET L0, BF T, JriShicmika 7o 21T L, 2o 7NO BN — 3 —REA N
ETDH1ETHS. LUTIS, FlBRGIEICOWT, BERRGFHHE 25T 5.

(3) 7oy ikl et Rl Lz — Y —RBRICBIT AR E S
BN I AN BSRT, BHENOBIRICHRTIEFITRENBRSGTHLEEZDND. T0D
728D, < N7 APEHNC KD IE N o K B B SGHAM - 57260 121%, AR ORI 2 AT ReZe RV E<
TOHMENHD. ZOZEIZHEELT, Rt 2 FEOARERITIECOWT, Mgtd ~&EHEAZLLTIC
FE5.
O BlE % W =akBR 5 15
« Ne—H—F AR T DOEIR
MUK R B SR COMBRE I+ 556, KEZDOHIEAREE CHLZEND, EKIHESFEIETD
ARBRIT DR WA REMED B . LI23o C, MK 82— (E it £ C O e 8 A3 FT RE 72 i M
HEAR L TN EELR D,
- BLE N B
KT B CoOBRE £ 9856, B DY SN IR R E I E v — T D
FCTORMENE, ZTOMICAEUDEE N B REBRRE IR & Bh 5.2 5 RN S 5.
AUTIE, K 4.2-6 [ORT I, BEHDICT7 T o TR R T D2 L0, IREHIE A& FTREZ R
DHEH SIS ST AR E DRIENEZDND. 12120, 7I9 v BT8R, 7703 v 7285
TIROFLEELZT D20, TIITEIZLY, W77y v 7 iima s E T HIe0, Rf o
TEFEZRE ICOWTHRMN AL EL2D.
-« VI SO
WK B CORBRE £l 42358, F——1EABMBETOMO WIS A0S,
TEREEICEZ DB, MBSO A IR TRELRDAREENSHD. Fi, RBREH MR
DIEMMUARY Y N DR —H =R ~D AN Z FEIZOWTUE, RSN ETHD.
C RERUY—ORE
R IR &S CORBRE LM T 255, PEHESND — Y —IERORE 51X, FEFITHES
ETRDATREMEDS B, FT2, R Eh AR OIS BT, RO BEFEORHMEIZ I VT, JE
WICHELRD1-0, REE Y —1%, RREEI OB ER LRSS DOZHRMTHIENEEL
v,
© Fe— Y —REORBL AT
MR R CORBRE R T 254, KEN —F—IEROBEZIZED, h—H —IEE)
BANZ L EITRANRWATREME D D5 (B OB =T, BEUKIO AL TNL FTREMEDR® D) .
M —H =KL, BREIERMRE o —OREZBEL DD, FIRERRVARIRE (K& ) &
THOMENDD. Fiz, AT BN ONTY, SRRSO I #PE T, FTRE/RRVEHE Emxld
HTENHELL.
- BB LI OEEENOERE =7 D%
KT B CORBREE T 556, BN CRBRIE E N ICFRE L7 =a sy, w06k
WO —H —EIR DRI G- 2 D580, @it mERE OB A TR THX I R ELR D T HE
PGS . RERFHE O RICEEL T, Bt OfFICHEE N O =T & O k%SO TRt &%



JAEA-Research 2009-060

HTH5.

@ B A RO ER Tk

Fo—t—1FE AR 7 DER
R ORE 2 A ER T 1S R,

IR SR

R B4 CORBR A T T 2556, F—V—E ABMRRTO WIS OE N I DR ER
JE~DEEEDN, @it EREOG A IR TREABRDAREEDR DD, N ——JE ABMERIE, &
HADR —H —REZFLTHLERDDH. KT &S CORREE T 555, b—P—
HEABRIARTIC, BANICN —F =R AL, BHRNON —V—REN EH-T 5L, PIERRKEIC
KREREELE 52 DAREMENE . L3>, R, BBRBAARTOEAMZ L 7O R —H—
TR ~D NEEZ FTEIZHOWTE, BBV THS.

C O — DR

LREOBE A WD RRER T IE L [FIEE.

« FL—H—BEORE LA ORE

P—H—REIZHOWTE, BEEZHWORBRGIELFERRIS, N —F— OB EEEBEL,
AIREZR RO EE (R85 L) & DM BB 5. Fiz, TEAF M, RBREIEE OIS, KT
72%. LIzino>C, BAROREL, RBRGAFEOFF#iH T, AIRERIRVKFEETHIENEELL .

- WEORBMB L OEENOKRE =T D

FREORE A WD ERER AL [FIRE.

- YRS (RERIES 7)) OFEFEEREETT1E

®

AFETEL, BB DHE SV b — S — I IR A PR 2 o IR L, 2 7N RFE R
FEDEAERE T D80, PeHZ 7 OFENRERZ DL, X VNTOMN —H —REDAFIR
DOEEIZLY, MERBENRKEUE T ITDIEEERHD. 2070, JEHRlY 7 ORI, 3k
RESRRBEMHEOTFTHPH T, AJHERIBY/NSKTHMENHD. Fiz, e LISk
L— A, P2 7 N TR ICIR AL, X 7 NOIETRIEE 25 \CHE ST D0 ERD
5. DD, AF—F—CLDBIRRE DX R ARG T DM ERHDH.

HIEOMETEE
o —H—E DR

PRAEH A M, HF KIS E <& T2, FENEMER ——L L, KAWL HAL
MAT AIEHTEZ. Fe——WE ORIUIX, R A RO RIBRKD TSR0 L 2 i o
F, HFARFIZZLE TNV IEERIRT DL BN DD,

- IR EBRD EHEIZHOWNT

—JE, F—Y—BRa L 358, M—Y —WEA~ N7 AR 5. F1iC, REIZIED
R E E L= 81E, < M7 AR L 72 b — S — iRz e 323, 2 ofilfEs o i
(S TREI DY 2 T 20BN DD, LT2i> T, —DOEH TR IR R A I 352
LiE, EARICREETHS.



JAEA-Research 2009-060

THUIRE 75553y
l/ J—
B — i
e a=1
e o B e

4.2-4 Ty IR E R LT — Y — BRI IE OB EE (Bl 2 a5 1)

<O RER
EHhtH—
BELY—

N ORVT

4.2-5 Ty 7B it R L LT — Y — B T IE OB (Bl 8 & Ve W akBR 5 15)



JAEA-Research 2009-060

i
it
d.
\:
T

S
=t

St it
\" Sif
\J, o

< ®
X
1

7595 K

<)Y REB
EhtEY—
REEVY—

72933y
aLyia—

Ein=E
KLY RT _W

hL——%;

4.2-6 BENSHROWBLEZE LR HE (T 7 EDEN)

4.3. 5H%DOTIE

ARETIE, Tay I A r— /L O —H— B0 EHI AT, Frl2, 3B ORBUFIEL L E B L
ENIZBTHFE KN —H —H BT IEIZOWT, BEfFO FIEOFEI L RFHT ~ &I OV TREEL
7=, iREE B B LT RRHR BT AR B T RO & A R U A %IE, RIEY A TS S BEE T
—H2EBEIL, RV ANOREEZE LTz, X0 BRI IEORFEITY. £, Ne—3 —R B GIEIC
OWTE, BEFET — 2 & W= TR T 2 R L, % BR T ECRBR A2 ofaiEibico
WA 2T,



JAEA-Research 2009-060

5. Mt EMBOFET — 2T H S OKBEHUEARIE £ 7 /L D AN VAR TTIE OB

KRBV A IE T T /LS OW T, ALHRE W AERT CH LSO FRA T — 2 & F i L CASRE FE0E O (K8
TiEERGETLTC.

R FMEARIRDT-D1Z, FE ST —Z UL DIEROMHEFHICHOWT, o0 FlZzm@mL THRFLE. &
WIDOFET VL, FEOHBELRONT- I DR T R—A oD ERE W TIER L. JE ORI,
AKX vy 7 ay ) ODFEEBE L TITo72. SO THE RO R T, IRIROEE T — 2 L]
MO ET —2% AUz, 2 THEESNICE R, BARET VOFEKMEEZ2EEZELT 1 HIKE
SRELZFRIET L I0G, 10 fFIFE8 K& Lol RIS, HAKDBEWHUBREZMRITL, A7 H—L
IHDOYTIRE T —Z LR LT, HREIZ WL, BT AV 2RICEWB KR ET DL, BiE
WREWBEAMEEZLOEELIZE AL, BAMRE NI LIRENTZ. INEWRF— 2o T, 1
WILDFEHTEATVY, 2 DORT HR—ADLORE, 7], BEIOEEREIZOWT—EnGoniz. 2
DFERDD, 2 DORT H—/VIIZ, KRB KIEDO W EDFAET D RTREVEN B 2 DT DT, Wilg & R
TS NT KB ET NV ARE L.

IKERHVE RS £ T LSBT DRI OBAT R IR BLR O NI, /T A—Z OB E N EEE
L, $FEE, REEZENSELEEB 20015, 2L, HiEOKBEER /T A—2TNZ T,
(REREBGRE R T —H NN EEIND. PIFOMIRE SRR, rE7 LTI, BRodt
TESE D & B TE R D B R T & - LUE L TV, LU D, BT E T ANE T — 22
CRELEIRE ST — 22 EFE S TOUR, ITET U, /NEBEOEIIZ BLUZRBAL7Z0HEE
LCETNVEEDLVBEH TELTHAIEBE X DS, JHUTES, IR, BLOMIRE ST — 2,
HARFUIZB W TUIRER A — L TR W 2200 ORISR E KL TV A7 Thd. L
Tei3o T, BRIEIZ BV TR E IR AT — /L COK BRIV E RS ) 20 R O BRE A R D DL R o H &% 2 B
3

Pl EZEDEEDTTOUGH Symposium 2009 TH &G L7z [ &k,



JAEA-Research 2009-060

6. F&o

DI, AT BN o2t h Tl 5.

6.1. BB R REUTKEERBITRNET — 2 OB

BADORFEUIHBEPOMEBITERE AR T 524 HRUIZ, BERHEIF i #—I T
FIP O T SE i DB, SAy hR—) 7 O GL.-340.00 m~342.00 m Hi BV TEREL 72
HEWJE R Z VT, B AKRBRZ2 S NCWERBATRBRZ R L2, TOR R FOZENH LI >
7.

(1) BN
O ~hNIZ2EOFEKZENE, 1.11x10°12 (m/s) Th-o7-.
@ ZNETORNEERHTEOHENJE R [RFEE OB KR CTh -7z,

(2) MEBATRE
O ~NIAJEHR K
~ R 7 2D R AR L, 1.79%1011 (m2/s) THY, BEIEDOHEPN B R x5 & L3l
FERLIFZFRFEOfEE T
© sk
BAEA T HREI O M — P — B A VO 72 FRAC3SDVS IC XD fRNTHE B L D LD, 4y
BELLT, 0.0056 (m)ABEFLITZ. ZOREFRIT, (ERPDIERMIN TWEBE AT — L O REFR
E—HL TS,
@ WERATH Mg
BAEH TR O — P —3 R G R00, WEBITH DIEEL T 0.062 mm 2567z, Z
DOAFELE, FEARRED D = AN LM E L7 KERRH DR E[F % ThH 5.
FTo, BARERBEWERATH NIRBORRE DL, IEFITHELOTIEH DA, IEOFHRN LS
., 2T~ =3RRI O CHEARAZBERICHS.

6.2. 7wy — /L —H—RER T IEDORGT
Bt em~1m BEDT oy s A r— L xR ELTZENRBR T IEIZOWT, Fied 2 DOEABIZD
WTRRRT A T T2,
O ZuyZROEAREI ORI
Ty 7RO A AR OB H FTREZRBEAF HAf L LT, DAY —Y — Ul A2 25T, Zha
WRAE YA NOHERE A 2 D BEOFEA T U7, F72, [REIRE 72 BRI 28 B A fR 5
L7-.
@ TuavZRoEaREE O — —iR B 1A
HRBHOFENOERELCRBAE MG LR EBLOENN — Y —H B ETO—HDOF
EZFERL, FALE B OCENICBIT D — 3 — B T EOIKIZ O W TIR—REEIT o7, T2, 1]
TEY A NOHERE 2/ G L LT85 A DR EO T A1 T 72



JAEA-Research 2009-060

6.3. M EDOFAET —HITEESKEEMEREIE T L O AR M FEMEIRIB T IE DOt

HERE S D30 AT T DI e A — L CO M T KR EN G 2 332 FIERRE O —8REL T, -V
7 IS DIRE S ATCYE N IR E DA T — 728 DIKIET —Z SO T — 2 % K B HE 1 £
TIVORETE FAEIZONWT, TNETOREFOMIE CEMIN M NEEZEET5L6012, ZhbH0
F—=BZDFIVEIZ DN TR EEHT-.



JAEA-Research 2009-060

7. BHLIZ

AL TIL, AN ZELTHR S T OMEBITHE AR T2 B, BRE A T 4R
HOKREL-WERBATT — 2 ENRBRICIVIE TR THEEBIT, 5%, LVRERAT—L (B + cm~1m
) COENRBRE I T 57200, BEHREUT AR — —RBR kO G E1T 7. Fiz, HE
RGN0 A6 T DRI A — )L C O R KRB A3l 32 FIEB R O —BR L LT, KERHIE &
BT IVOREFNZF N0 TA—BEVANT v 7T HEEHIZ, BT VOREEEZR, KT 57200
T i R RIS FR L TR £ 7.

ENRBRCIL, 7 —F O TLRVIRA I HKE, MEBAT STA—SERFL, ZhETI
BALCET =22 LIZ. £, Tay s 27— L —H—RBR G IEORFHIRE WL, ey
AELOBR T IEL LT, B D2 7Y — MEEY O T DU A Y —Y — Il Bl 2L, [
BT A MRAE A SO HERE 2 2 T AR OBEIC W TP L 7=, 72, 2T o EesZ gL A
R BRI D FINEE IR R LTZ. £/, EBIT, 7Tyl A r— Vast Sl LR ERB L OV R —
P —RBRFIEEZRE T HEEDIE, HBRBAOBEDLRBROEHE TO—#HDOPIEZFER L.

HERE S 35040 DRI 72 A — )V T O T K BN G O Rl FHZ DWW TIE, A=V 7 fLikv o
I AR IR E A T — 2728, IKIET — 2SO T —5% T, KBEMERE T T L5 R
K7 B REET D HIEIZONT, ZNNETOREF DM CEMBINT R NEEZ LTI, &
NHEDT —ZDHHMIC DN TRV EEDT-.

L11%, KO KREARRr— L TOENRBRICHENT 2B T IEOR Ak L CiED, ZHETEML
T em AT — Vv OEAREE X R ELTZ ENRERE RO LY KER A — /L ~Oii FAPEIZ DN T
Bt 2E i, JRALERER T — 2 S Bl 52 32 5 hE et T,



JAEA-Research 2009-060

235 3CHk

1) R. Therrien, and E. A. Sudicky: “Three-dimensional analysis of variably-saturated flow
and solute transport in discretely-fractured porous media”, J. Contaminant Hydrology,
vol.23, pp.1-44 (1996).

2) MR T OB OFRA LR, HHEE A T 57 22(1989).

3) MABN, EEF: KIEAR DY A= — B L OYE A OWNERZERRHE A OWE ~DE A7, Hi
'H=2—2X 549 %, pp.61-68, 2000.

4) HAREZE, AL, FREN: “ESHEERN YUz LR KREBIEOBRR”, TARFERE 49
[BIHEIR GRS, pp.80-81, 1994.

5) EZIRZ AT, FURE  “AE R I L OEIK A TRIBRK T DA AL OIEBARF O RIE” )i F Hi
B, 30 &, % 2 5,pp.26-32, 1989.

6) REARAI, TREN:“BREAETLIEAZIIRELIZENIN — —RBRFEORE —~RZX
WEBHRZE R UM — Y —aBR L7, KRB 2 —# 5 37 5, 2004.

7 FRGEN, AR, FERAN “AREETOWCE R ORNEBITERICE T 209", BREHA
7 VG, INC-TJ8400 2003-028 (2003).

8) TEAN, FEARAI “AIAHTHHCE P OIMNEBATEGIZE T 2058 AD)”, 12V 5
FE A%, INC-TJ8400 2004-011 (2004).

9) TKEAN, REAA Bi)IIEE “ARAEH T OO DK - MERBATRIET — 2 OHUG - f#T, R
KIF A T 7E B 7 k%, JAEA-Research 2007-016 (2007).

10) FRGE A, REAAI, Rl —, SEETE, Al S, A “ARER T OHERDE DK - WER
ITRHE D728 O 7 — 2 B A% - f# 41”7, B AR+ ) 0F 92 B # A%, JAEA-Research 2008-029
(2008).

11) FrREA, BEARA, FERME ", RN, BHE: AR E T OHRE OKE - WEBAITRHE D72
DHOT —HEAG T AD”, H AR IR JEBH 1A%, JAEA-Research 2008-101 (2009).

12) {EAMRIL, SZILE, RAHRR, AsE: REBEOA 2= —a AZKIET DAV O
e PRED RSB, EIREHH, vol.113, pp.211-215 (1997).

13) HARE, AR, FT/REAN “BREEN Yo M OVAGE KRB O, LARFERE
49 [EI4FEIRGETH 23, pp.80-81 (1994).

14) (LR, FEEA, BREE, RE5LE, BEATRIS, AMEE, A58, RRARRI “DRIEEEH
JEFE 2 — 2B T DT A (HDB-1 £L) 7, #BREH A 7L BASE Btk (ZeRThFJE i iR A &,
KAL) , JNC TJ1400 2002-010 (2002).

15) [UAE A, TEE A, BRIFGE, IREHLE, 488, BT, e DRI g st
231 5 R A (HDB-6, 7, 8 fL) 5% HDB-6 L., BZBREH A7V BAFE Bk (Z5EmF SRRk
R, RaE kA1), INC TJ5400 2005-004 (2003).

16) W. F. Brace, et al.! “Permeability of Granite under High Pressure”, J. of Geophysical
Research, Vol.73, No.6, pp.2225-2236 (1968)

17) P. A. Hsieh, et al.! “Transient Laboratory Method for Determining the Hydraulic
Properties of ‘“Tight’ Rocks — I Theory”, Int. J. Rock Mech. Min. Sci. & Geomech. Abstr.,
Vol. 18, pp.245-252 (1981).



18)

19)

20)

JAEA-Research 2009-060

BB A 7 VBRSERERE: “ODENZ IS8T D i L~V HUR PR BE S Hi g AL 55 o Bt 6915
—HUE LA FEBRSE 55 2 RN D £ & oo —7, pfft 3 ML)y & AT A DL 2R Al BB A
7 VB HEAE, INC TN1400 99-023 (1999).

R. Therrien, E. A. Sudicky, and R. G. Mclaren: “User's Guide for NP 3.49, A preprocessor
for FRAC3DVS 3.49 : An Efficient Simulator for Three-dimensional, Saturated -
Unsaturated Groundwater Flow and Chain - Decay Solute Transport in Porous or
Discretely - Fractured Porous Formations”, University of waterloo, Ontario, Canada
(1999).

M. Shimo, H. Yamamoto, M. Uchida, A. Sawada, T. W. Doe, and Y. Takahara: “In-situ
test on fluid flow and mass transport properties of fractured rocks”, Proc.9th ISRM
Congress, Vol.2, pp.1401-1404 (1999).



JAEA-Research 2009-060

4k

“Uncertainty reduction of hydrologic models using data from surface-based investigation”

This manuscript has been authored by an author at Lawrence Berkeley National
Laboratory under Contract No. DE-AC02-05CH11231 with the U.S. Department of Energy.
The U.S. Government retains, and the publisher, by accepting the article for publication,
acknowledges, that the U.S. Government retains a non-exclusive, paid-up, irrevocable,

worldwide license to publish or reproduce the published form of this manuscript, or allow

others to do so, for U.S. Government purposes.



JAEA-Research 2009-060

PROCEEDINGS, TOUGH Symposium 2009

Lawrence Berkeley National Laboratory, Berkeley, California, September 14-16, 2009

UNCERTAINTY REDUCTION OF HYDROLOGIC MODELS
USING DATA FROM SURFACE-BASED INVESTIGATION

Kenzi Karasaki', Kazumasa [to?, Yu-Shu Wu®, Michito Shimo*, Atsushi Sawada’,
Keisuke Maekawa® and Koichiro Hatanaka’

'Lawrence Berkeley National Laboratory
Berkeley, CA, 94720, USA
kkarasaki@lbl.gov
*National Institute of Advanced Industrial Science and Technology
3Colorado School of Mines
4, .. .
Taisei Corporation
5Japan Atomic Energy Agency

ABSTRACT

Geohydrologic  model  uncertainties  include
permeability, boundary, and initial conditions. We
present some examples of using information other
than pressure data to constrain a geohydrologic
model. The initial model was constructed using
information from surface geology and a few
boreholes. Inversion analysis of pressure data implied
the existence of a low-permeability cap rock. We
then used river flow data and temperature data from a
hot spring as a basis for estimating the recharge flux,
which suggested that the overall permeability of the
modeled area could be one order of magnitude larger
than that of the base model. Next, we simulated a
saltwater washout process and compared the
simulated salinity distribution with the salinity data
from a borehole. We found that a better match to the
salinity data is obtained if the increase in
permeability is taken up by the fault zone rather than
uniformly by the entire model. A smaller-scale match
to the temperature, pressure, and density profiles
from two boreholes indicated that there was a low-
permeability fault in between the two boreholes.

1. INTRODUCTION

It is very difficult to characterize a large body of
heterogeneous rock sufficiently, and to build a
reliable groundwater flow model, particularly when
the rock is fractured, which is most often the case.
Available hydrological data are often limited and
insufficient, both spatially and temporally. It is
extremely challenging to scale-up detailed small-
scale measurements and to predict and verify large-
scale behavior. Unless there is an underlying known
property that extends over scales, measurements
conducted at a certain scale can only be used to
describe the processes at the same scale. Some
geostatistical tools may be used to predict the range
of the model outcome. However, the more
heterogeneous the rock is, the larger the uncertainty
becomes.

Building a geohydrologic model of a large area
involves many uncertainties from various sources,
from the conceptual model to the input parameters.
Model uncertainties include material parameters such
as permeability and porosity. Often overlooked are
boundary conditions and initial conditions. The most
important element of a reliable model is the correct
conceptual understanding of the geohydrologic
processes within the area, which comes only after a
long progression of model building, with much trial
and error. Although model uncertainties originating
from different modeling approaches have been
addressed (e.g., Ijiri et al., 2009), uncertainty studies
applied to actual field sites are limited. Most
numerical models have implicit limitations that may
lead to uncertainties that are inconspicuous and are
seldom discussed. Many numerical models do not
consider all the physical processes involved, which
may or may not be necessary. A complete THMC
(thermal, hydrological, mechanical, and chemical)
simulation is very challenging and a subject of
intense research at present. There are multiple
reasons for this, including the difficulty in estimating
the initial conditions and specifying the constitutive
equations (such as the porosity-permeability
relationship) that are applicable at a practical scale, in
addition to the scarcity of relevant data.

The conditions at the outer boundaries of numerical
models need to be specified all around, although they
are usually immeasurable in practice. Therefore, they
are often chosen for the convenience of modeling.
The surface boundary conditions are often set to be a
constant flux condition. Observations that can be
made in the field are often severely limited in type,
space, and time. One type that can be relatively easily
observed is pressure, which can involve uncertainties
of its own, such as gauge drift and borehole short-
circuiting due to packer leak. To measure pressure at
depth, we need to drill deep boreholes, which is very
expensive. As a consequence, only a limited number
of boreholes are drilled. Furthermore, the locations
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where boreholes can be drilled are often limited for
reasons such as physical accessibility.

Ideally, tests should be designed to directly stress the
system at the scale of interest, so that the observed
response is the result of the averaging of the inherent
properties up to that scale. However, this is difficult
if the scale is over a kilometer or more. Moreover, in
a very active tectonic environment like that of Japan,
faults exist ubiquitously, which greatly affect the
hydrology  around  their  vicinity.  Correct
characterization of large faults is crucial in building a
reliable geohydrologic model.

Large-scale groundwater flow models are typically
calibrated to the steady-state pressure head data. An
inversion scheme can be used to search for optimum
parameters. However, we rarely have enough head
data, and furthermore, head data alone are not
sufficient for building a reliable model. Therefore, it

N

% Toyothi HétSpring \\_ W

e

Horonobe Town — 7|

is very important to utilize all available relevant data
to constrain model uncertainties. In this paper, we
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show a progressive model improvement, in which
information other than pressure data, such as
temperature and salinity data, are used to constrain a
hydrologic model to help reduce uncertainties in the
conceptualization of a large heterogeneous rock
formation, using the data from the Horonobe
Underground Research Laboratory in Japan during
the ground-surface-based initial investigation phase.

2. HORONOBE SITE

The Japan Atomic Energy Agency (JAEA) is
constructing an underground research laboratory
(URL) in Horonobe Cho, Hokkaido (Figure 1), to
study physical and chemical processes deep
underground and to develop technologies that may be
applied to future geologic disposal of high-level
radioactive waste elsewhere in Japan (Ota et al.,
2007). At the Horonobe URL, eleven deep boreholes
(HDB-1to HDB-11) have been drilled, with depths
ranging from 470 m to 1020 m (Figure 2). After
various investigations, loggings, and pressure tests
were conducted, each borchole was isolated by
packers into several intervals, and the pressure was
monitored.

3. GEOHYDROLOGIC MODEL

Groundwater in the Horobobe area in general is
expected to flow from the higher hills in the east to
the Japan Sea in the west. Based on the information
obtained from early boreholes, geologic, and
geophysical surveys, Imai et al. (2002) constructed a
hydrogeologic model of the Horonobe area. The
original mesh of Imai et al.’s model was in a finite
element model (FEM) format, which was converted
to that of integrated finite difference (IFDM) for
simulations using TOUGH2 (Pruess et al., 1999).
Figure 3 shows the geohydrological model used for
the simulations. Heads observed in the boreholes
show an increase with depth, which can be caused by
several sources, including the topography, geostatic
load or gas generation. The initial version of the Imai
et al. model shown in Figure 3 failed to reproduce the
observed head data.

3.1 Static head inversion

Ito et al. (2004) attempted to assess whether the
topography and permeability structure alone can
explain the high heads at depth, by changing the
input permeabilities. To match model predictions to
observed data, modelers often employ a trial and
error approach, in which forward model runs are
repeated numerous times by adjusting input

Cap Rock
Surface
Mukanan Fautt-Core

Ohimagar Fault-Core

Guaternary
Y uuchi
Koetal
‘akkanai
Masuhoro
Old Rock

Figure 3. Numerical grid (top), EW (left) and NS (right) cross section of the geohydrological model of the
Horonobe area showing the borehole locations, surface elevation (top plot), and geological
formations (bottom plots). The model is 40km*x40km*5km centered on the Horonobe URL area
shown in Figure 2.
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parameters. This approach is often useful, because it
gives the modeler insights into which parameters are
more important relative to one another. However, it is
often very tedious and difficult to conduct in a
systematic manner. Ito et al. (2004) used iTOUGH?2
(Finsterle, 1998; 2008), which solves the inverse
problem by automatically calibrating a TOUGH2
model against observed data.

By assuming the existence of a low-permeability cap
rock, Ito et al. (2004) showed that the high heads at
depth can be explained. They also examined the
influence of fault properties on the observed data. In
one model, the fault is assumed to have a sandwich
structure, with a low-permeability core and high-
permeability damaged zones on both sides. In another
model, the fault was assumed to be a simple low-
permeability structure (base case). The head at
greater depth diverged between the two fault models

® Borehole data v Low permeability fault
O No cap rock (Initial) X Sandwich structure

T T T T T
0 — -
jLower Quaternary
g Caprock
5 ~1000F Koetoi )
[0
=)
-2000 - R
-3000 L L

Hydraulic head above ground surface (m)

Figure 4. Head inversion results for two different
structures of fault

(Figure 4). Because there were no data available from
the depth, the results were inconclusive regarding the
structure of the fault. Table 1 shows the calibrated
values of permeabilities, which we call the base case.

3.2 Use of River Flow Data

One of the important but very difficult parameters to
estimate for a geohydrologic model is the surface
boundary condition. This is especially true when the
model area is very large, i.c., several tens of square
kilometers. One approach is to use river flow data, if
there is a river that runs across the area of interest,
preferably forming a basin. Ito et al. (2004) used the
data from the Teshio River, which flows from east to
west within the modeled area, to estimate the
recharge rate, by taking the difference of the average
monthly flow rate between two measurement
locations that are approximately at the east and west
end of the area.

Table 1. Permeability values of the base case

Geological Hydraulic
; Epoch Model Units Conductivity
Period
(m/s)
Surface 2.0E-06
Quatenery Quaternery Sediments 1.0E-06
Pliocene | YuuchiF. 1.0E-07
Low permeability zone 6.3E-11
Neogene ) Koetoi F. 1.0E-09
Miocene -
Wakkanai F. 1.0E-10
Masuhoro F. 5.0E-10
Cretaceous Cretaceous rock 1.0E-11
Oomagari Fault core 1.0E-10
Faults
Nukanan Fault core 1.0E-10

Figure 5 shows the calculated difference between the
two locations for flow rates less than 50 m’/s, which
is assumed to be the maximum base flow rate. Based
on the figure, the flow-rate difference is
approximately 5 m’/s, considered to be closely
related to the recharge rate in the area. However, note
that the variance is very large; thus, it should only be
considered as approximate. The 5 m’/s recharge rate
for the area translates to roughly 80 mm/year of
recharge for the entire area. Using data from much
smaller sub-basins in the area, Kurikami et al. (2008)
estimated the recharge rate to be from 64 mm/year to
283 mm/year, or approximately from 5% to 20% of
the annual average rainfall of 1,400 mm/year.
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Average of flow rate difference

50 ]

Flow rate difference (m3/s)
o
T

30 40 50

Average flow rate (m 2'/s)

Figure 5. Flow-rate difference between two points
of the Teshio River. Broken lines indicate
one standard deviation.

The model calibrated to the measured heads
described in the previous section calculates only 8
mm/year of recharge. Calibration to head values
alone is only sensitive to the relative contrast (ratio)
of the permeability of each layer and not to the
absolute  values of permeability. Therefore,
permeability values can be multiplied by a constant
value for all layers and still maintain the same
goodness of fit for the steady-state head analysis.

3.3 Hot Spring Data

Adjacent to the north of Horonobe Town is Toyotomi
Onsen, a hot spring (see Figure 2). Hot spring water
has been produced since the 1920s from a depth of
~800-900 m. The water temperature is reportedly
around 42°C (Toyotomi Onsen, 2009). We use
TOUGH2 with the EOS3 module to simulate coupled
heat and fluid flow. The bottom boundary condition
is set at a constant heat flux of 20 mW/m® with no
fluid flow. The top boundary condition is set at
atmospheric pressure with 10°C, the annual average
temperature of the area.

Figure 6 shows a comparison of the steady-state
temperature profiles when the permeability of each
layer in the model is multiplied by a constant value.
Also shown in the figure is the approximate depth
and temperature of the hot-water production zone for
the hot spring (double-headed arrow). As can be seen
from the figure, the case with ten to twenty times the
permeability of the base-case model matches the
temperature of the production zone best.

— Base model
— Permeability X5
Permeability X20
Permeability X100

0_' T T T T -

—— Permeability X2
Permeability X10
Permeability X50

Depth (m)

-1000f 1

20 40
Temperature (deg C)

Figure 6. Modeled temperature profile at Toyotomi
Hot Spring for various permeability
multipliers.  The  arrow  indicates
approximate temperature and depth of the
source of Tovotomi Hot Snrino.

3.4 Use of Salinity Data

Salinity distribution in groundwater may yield some
clues as to how the groundwater has evolved. High-
salinity water is encountered at depths in HDB
boreholes. It is believed that the study area was once
under the sea before it rose to its present state. The
land mass was initially saturated with saltwater, but
as a result of rainfall, which recharges fresh water
into the ground, the saltwater has been gradually
washed out, particularly near the surface. We model
the saltwater washout process by using TOUGH2
with the EOS7 module to simulate nonisothermal,
density-driven, single-phase flow. As the initial
condition for the salt concentration, we assume that
the entire model is saturated with seawater (3.2% salt
concentration). By setting the top boundary condition
at atmospheric, recharge of fresh water takes place
from the surface. The boundary conditions are much
the same as in the previous case, with the strength
and pattern of freshwater recharge a function of
permeability and topography.

Figure 7 shows the simulation results after 2.5 Ma:
(a) the case with 10 times larger permeability than the
base case, and (b) the case in which the permeability
of the fault zone is 100 times larger than the base
case, while the rest of the permeabilities are kept the
same as the base case. The latter still allows a similar
amount of total recharge (~50 mm/year), but the flow
is localized to the fault zone. The high-permeability
fault model is consistent with the finding by Ishii et
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al. (2006), who suggested deep intrusions of fresh
water along the Omagari Fault based on the AMT
(audio-frequency magnetotelluric) surveys.

k

(C)) (b)

Figure 7. Salt concentration distribution after 2.5
Ma for the cases: (a) ten times the base
case  permeability, and (b)  high
permeability fault. Fresh water intrudes
deeply along the faults.

Figure 8 shows a comparison of the salt
concentration and the temperature data from HDB-1
with the simulation results. It should be noted that the
data were collected shortly after the drilling and may
not reflect true in situ conditions. The model with 10
times larger permeability than the base case matches
reasonably well with the temperature data after 2.5
Ma, but does poorly against the salt concentration
data. The permeability appears to be too large, and
the freshwater washes out the salt too quickly. The
high-permeability-fault case matches reasonably well
with the temperature and salt concentration data.
Note that 2.5 Ma is approximately the age of the
study area.

——— 10X Base (1.2Ma) HighK Fault (1.2Ma)
---6 10X Base (2.5Ma) ———- HIghK Fault (2.5Ma)

200

400

Depth (MSL m)
Depth (MSL m)
IS
8

600 600

80

0 10 20 30 40 50 10° 10° 10
Temperature (deg C) Salt Concentration

Figure 8. Saltwater washout simulation results.
Markers denote measured data along
HDB-1. Blue colored lines are for the
case with 10 times the base
permeability. Red lines are for the high
permeability fault case.

4. FAULT ZONE CHARACTERIZATION

Geothermal gradients or temperature profiles are very
sensitive to, and thus useful in, estimating water
percolation fluxes in the subsurface (e.g., Wu et al.

2004; 2007). In particular, temperature profiles near a
fault are often used to assess fault properties (Fairley
and Hinds, 2004a, 2004b; Heffner and Fairley, 2006;
Doan, 2007). Wu and Karasaki (2009) used the
measured temperature data to estimate both flow rate
and flow directions in two HDB boreholes at
Horonobe (Figure 1). It is suspected that a fault or a
set of faults exist at the Horonobe site, one of which
is the Omagari Fault as shown in Figure 3. The HDB
boreholes at the site are packed off into several
monitoring intervals using packers. Pressure and
temperature are monitored in each interval. Figure 9
shows the temperature profiles along the HDB
boreholes. As the figure shows, the temperature
profile along HDB-7 is different from that of other
boreholes—slightly concave upward, generally
indicating colder groundwater flowing downward.
The other profiles are all concave downward,
indicating that warm groundwater may be flowing
upward.

Depth (GLm)
(9] B w N -
o o o o o
o o o o o

(o2}
o
o

700

Temperature (° C)

Figure 9. Temperature profile along HDB
boreholes. The blue line is the
temperature profile along HDB-7.

Wu and Karasaki (2009) used the TOUGH2 code
with the modified EOS3 module to simulate
nonisothermal flow of single-phase water with
density dependence on mineral compositions, in
addition to pressure and temperature in the two wells,
HDB-7 and HDB-8. For each layer, the most recent
permeability value based on borehole tests was used.
The basic assumption was that the system is at
steady-state conditions for water flow, solute
transport, and heat flow. Aqueous mineral
concentration distribution was assumed at steady
state as a function of depth only for each well. The
water density is correlated to mineral compositions
by extrapolating and interpolating the measured
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mineral compositional data from the two wells, and
its dependence on pressure and temperature.

Figure 10 shows the simulated temperature profile. A
downward flow of 3 mm/year matches the HDB-7
data, and an upward flow of 6 mm/year matches
HDB-8 data. Note that the two wells, HDB-7 and
HDB-8, are close to each other, with HDB-8 further
inland. Head values in HDB-8 are ~10 m higher than
those in HDB-7. Comparing the simulation results
with the data indicates different flow directions, i.e.,
flow at HDB-8 is upwards (discharge) and flow at
HDB-7 is downwards (recharge). This finding
indicates a likely fault separating the two boreholes,
with the fault behaving as a closed boundary or low-
permeability barrier to flow across it. Figure 11
shows a conceptual model of groundwater flow
crossing a fault zone. A similar model was proposed
by Bense and Kooi (2004) for Peel Boundary Fault in
The Netherlands. The Figure 11 model most likely
applies to the Omagari Fault zone: upward flow
along the damage zone east of the fault (HDB-8) and
downward flow along the damage zone to the west
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Figure 10. Simulated temperature profile along
HDB-7(top) and HDB-8(bottom) for
various downward (top) and upward
(hottom) flow rates

Figure 11. Conceptual model of fault zone flow

(HDB-7)—and overall higher head in HDB-8 than in
HDB-7.

5. SUMMARY AND DISCUSSION

In this paper, we presented (through some examples)
the use of information other than pressure data to
constrain a geohydrologic model. The initial model
was constructed using information on surface
geology and from a limited number of boreholes. The
inversion analysis of pressure implied the existence
of a low-permeability cap rock. We then used river
flow data and temperature data from a hot spring for
estimating the recharge rate. The estimated recharge
rate was ten times larger than the original model had
calculated, which suggested that the overall
permeability of the model may be one order of
magnitude larger than that of the base model. Next,
we simulated the saltwater washout process and
compared it with salinity data from a borehole. We
found that a better match to the salinity data is
obtained if the increase in permeability were taken up
by the fault zone rather than assigning larger
permeability uniformly to the entire model. At a
smaller scale, we conducted a 1D simulation and
matched the temperature, pressure, and density
profiles from two boreholes. We found that there may
be a low-permeability fault in between the two
boreholes. A conceptual flow model across a fault is
proposed. Table 2 summarizes the model evolution.

Inclusion of additional processes in a geohydrologic
model, such as heat and salt transport, requires
additional parameters and may actually increase
uncertainty. For example, heat-conductivity and heat-
flux data are needed, in addition to the wusual
hydrologic parameters. Although the initial saltwater
distribution is unknown, the model assumes that the
rise and formation of the present-day Hokkaido
Island happened instantaneously. However, when a
model successfully matches temperature and salinity
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data in addition to pressure data, the model may be
deemed more reliable than a model constructed by
simply extrapolating or upscaling small-scale
observations. This is because pressure, temperature,
and salinity data reflect the results of the natural
averaging process that takes place at a large scale and
over a long time duration. Thus, we believe that we
now have more enhanced understanding of the large-

scale geohydrologic processes at the Horonobe Site.

Table 2. Summary of geohydrologic model evolution

Section| Data Used | Processes Findines
No. | (Additional) | Modeled &
3] Hydraulic Groundwater Lgr\zleabilit

' head flow P Y
layer
River flow  |Groundwater [Larger
32
rate flow recharge rate
Hot spring  |Groundwater 10x larger
33 overall
data and heat flow .
permeability
Fluid salinity, |Groundwater, [Localized fault
3.4 |temperature |brine, and zone
profiles heat flow ermeability
Pressure, Groundwater ..
Flow direction
temperature, [flow, heat, .
4 e . and flux in
salinity mineral
o fault zone
profiles composition
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