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the properties of sedimentary soft rock

( Document Prepared Other Organization, Based on the Trust Contract)

Hiroyuki Inoue , Takeshi Ishiguro , Masayoshi Kuji , Naoto Yoshino

Abstract

In this paper, authors examined the properties of sedimentary soft rock which might
affect the groundwater flow rate and flow path in the sedimentary soft rock. As a
general sample of sedimentary soft rock, we focused on the rock of HORONOBE area in
HOKKAIDO prefecture. Then, following four issues were examined.

1) a study of numerical flow rate analysis considering the difference of water density in
the sedimentary soft rock.

2) the hydro-geological modeling of HORONOBE area and a fundamental study of
water pressure and saline density in HORONOBE area.

3) a fundamental study of numerical coupling analysis about groundwater flow rate ,the
difference of underground temperature, rock pressure and deformation.

4) a study about best performance of numerical flow rate analysis program.

As a result, hydro-geological modeling of HORONOBE area using the information
before 2002 as input data was succeeded by using the basic geological model which was
made by IMAI et al,. And the applicability of TOUGH2 program as analysis method
considering the density difference of underground water in sedimentary soft rock was
verified. Then, we will be able to simulate underground flow considering the difference
of saline density and specific water pressure in HORONOBE area. In addition, the
applicability of TOUGH-FLAC program in which TOUGH2 was coupled with FLAC3D
and consider rock pressure and deformation was verified. The best numerical
performance of TOUGH2 program was studied in order to deal with large scale
simulations. Then, it was shown that efficient method of the best numerical

performance about TOUGH2 was possible.

This Work was performed by Maeda Corporation under contract with Japan Nuclear
Cycle Development Institute.
JNC Liaison Repository System Analysis Group, Waste Isolation Research Division,
Waste Management and Fuel Cycle Research Center, Tokai Works

Maeda Corporation
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2002
3.1-14 2002 horonobe-1 J21
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288355

2002
3.1-15 2002 horonobe-1

J31

E.§

it

T 1]

2002
3.1-16 2002 horonobe-1

Ja4

1] T RT3 T

2002
3.1-17 2002 horonobe-1
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Step.2
horonobe-1
3.1-18
3.1-20
SK-1
D-1
0 5000 10000

sa000

a0000

(SK-1,D-1)
(SK-1,D-1) (horonobe-21)
3.1-19 2002
(horonobe-22)
15000 20000 25000 30000 35000 40000 45000 50000 55000

3.1-18 SK-1,D-1
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/| Sk-1

L] i L [C T 11 e

3.1-19 SK-1,D-1
(horonobe-21)

/ SK-1

gLt}

3T |

-0l |

-2

=i

3.1-20 SK-1,D-1

(horonobe-22)
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3.1-3
SK-1
SK-1
100m (57km
x 57kmx 5km) 2002
1100m 200m 3000m
350m 35
3.1-3
horonobe-21 horonobe-22
-9.04 -10.62 -1.32
-605.70 -599.81 -559.32
SK-1
-1486.21 -1271.22 -1170.72
-3125.57 -3090.84 -3004.72
D1 -428.12 -369.67 -335.64
-967.49 -915.08 -873.04
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Step.3 2002 (HDB-1,HDB-2)
Step.2 horonobe-22 (HDB-1,HDB-2)
(horonobe-31) 3.1-20 3.1-21 3.1-23
HDB-1
3.1-22 3.1-24
(horonobe-32) HDB-1

] S0 (0oon  Th0on  E0000 25000 A BROO0  A0000 45000 S0000 S50

3.1-21 HDB-1,HDB-2
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1R

=1

-2hin

R 1]

-4

=5EE

TELE

3.1-22 HDB-1
(horonobe-31)

HDB-1

3.1-23 HDB-1

(horonobe-32)
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~a0

-

-0

2000

1

2

TJ8400 2004-013

18

3.1-24 HDB-2
(horonobe-31)

R hEL

3.1-25 HDB-2
(horonobe-32)
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314
HDB-1
HDB-2
HDB-1 200m
HDB-3
3.1-4
Horonobe-31 horonobe-32
HDB-1 -846.99 -457.63 -251.90
HDB-2 -42.84 -39.28 -14.16
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Step.4 2003
Step.3 horonobe-32
(horonobe-41) 3.1-26
HDB-4

3.1-28
(horonobe-42)
HDB-3
0 5000 19000

BEODD

sODDD

(HDB-3,HDB-4)
(HDB-3,HDB-4)

3.1-27 HDB-3 3.1-29
HDB-3
3.1-30
HDB-3 HDB-4
3.1-31 HDB-1
HDB-1

Z0ooD 25000 30000 SRR &0BD 45000 50000 55000

3.1-26 HDB-3,HDB-4
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/| HDB-3

m

=100

-Em

1331

5 0]

-5

3.1-27 HDB-3

(horonobe-41)

/ HDB-3

W

-1

= 1]

-BrE

-5

110 i) hLC

3.1-28 HDB-3
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A T}
fst! i
kil

gl R ]
gill} -
b1 1] mn
-l -4
- B 1]

] eI

3.1-29 HDB-4
(horonobe-41)

[[E1] L)

-l

- iy

-3000

-3000

-4 00

-4l

-Edul

il -Edii

3.1-30 HDB-4

(horonobe-42)
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/| HDB-1

nm

=100

-ihm

1331

=50
Y o
3.1-31 HDB-1
(horonobe-42)
3.1-5
HDB-3 5m
3.1-5
Horonobe-41 horonobe-42
HDB-3 -744.71 -318.49 -323.51
HDB-4 -9.21 -55.51 -64.69
HDB-1 -457.63 -228.69 -251.90
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GEORAMA
N
3.1-32  horonobe-42 3.1-33 2002
60x  65x 20 78000 3.1-34
20x  20x 10 4000 3.1-34
100x 100x 20 200000

3.1-32 horonobe-42
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I
1 Il ||,I.|

I'I'I'“

gy,
i '|||,| i il

3.1-33 2002
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3.1-34 (20x 20x 10)
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1000

=
= =
= =
= ™
| 1

=

=

=

o
1

=

=

=

=t
1

(100x 100x 20)

3.1-35
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2002
2002
2002
N 57km 50m
150m 1/1000
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LBNL
LBNL iTOUGH2 Finsterle,S., and P.Persoff 1997 ,Finsterles,S., and
J.Najita 1998 iTOUGH2 LBNL
TOUGH2 Pruess,K et al.,1999
iTOUGH2 |r| Gauss-Newton

Levenberg-Marquardt

‘l" = Z(Hobs - Hcal )2

Hobs Hcal
Apy
Ap, = (chéJk + 4D, )_1 J Cr,
k C,
r, J, Jacobian
g, =
Opy
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D, Jacobian
Levenberg
iTOUGH2
Apy
p
TOUGH?2
(EOS9)
D-1 HDB-1 HDB-2
TOUGH2

Newton-Raphson

100

-79-
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2002
2002
D-1 HDB-1,2
2002
78,000 1,000m
200m 50m 500m 3.2-1
z

200
150
100
75
50
25

-25

-500

-1500
-2500
-3500
-4500

3.2-1
2002 TOUGH2
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32-2 D-1

Surlace

Mulanan Fat-Cone

Ekaran Faul-Soe

Chrmagan Faul-Cone
{Crrmagan Faut-Side
Cuatemary

Yuuch

Foeoi

Wik

Bl s o

Cid Fock

Om
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(2002) 3.2-1
HDB-1 HDB-2 D-1
14 2004
D-1 1987 HDB-1 HDB-2
2002a, 2002b
14 D-1
Geological Formation Permeabmty (original) Permeabmw (Alternative model)
Priod Epoch (m/s) (m/s)
Surface V) 2.00E-06 2.00E-06
Quatenery Quaternery Sediments 1.00E-06 1.00E-06
Pliocene |Yuuchi F. 1.00E-07 1.00E-07
F.) 1.00E-09 Fitted with iTOUGH?2
Neogene Miocene Koetoi F. 1.00E-09 1.00E-09
Wakkanai F. 1.00E-10{ 1.00E-10 or Fitted with iTOUGH2
Masuhoro F. 5.00E-10 5.00E-10
Cretaceous Cretaceous rock 1.00E-11 1.00E-11
Oomagari Fault side 1.00E-08 1.0E-08? or 1.0E-10%
Oomagari Fault core 1.00E-10 1.00E-10
Nukanan Fault side 1.00E-08 1.0E-08? or 1.0E-10%
Nukanan Fault core 1.00E-10 1.00E-10

1) Fixed head elements 2) High permeability sandwich structure model

3.2-1

-82-
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Average and Standard
deviation of 10 cases in random
coverage.

D-1
D-1
3.23
—10+
0
5
2
=
S \
g
S -11f
o
:
e
2
[=2)
ks
_12 -
0.7
3.2-3
3.2-4
D-1

0.8 0.9 1

Coverage of caprock
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m Measured
® Caprock coverage 100% X Caprock coverage 80%
O Caprock coverage 95% v Caprock coverage 75%
& Caprock coverage 90% » Caprock coverage 70%
A Caprock coverage 85%
T T T T T T
0 - —
Lower Quaternary
L u i
B vyuychi
g -
£ —1000f .
Q.
[
a
—2000 .
-3000 | 1 1 1 1 . 1
0 20 40 60
Hydraulic head above surface (m)
3.2-4
D-1
70%
75%
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D-1
70% 75%
70% 75%
10
75%
100%
D-1
6.2x 10-1m/s 100%
(1.6x 10-10m/s) 1/2
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Measured
Calculated with low permeability fault
Calculated with sandwich structure

<« N

4]

T " T " T " T ' '
O -
Lower Quaternary
L u .
W Yuuchi
E
S -1000}
o
[}
a
—2000F
—3000
Hydraulic Head above surface (m)
3.2-5 D-1
3.2-5 100% D-1

D-1

1999 D-1

D-1, HDB-1, HDB-2
D-1 HDB-1 HDB-2
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3.2-2
(m/s) (m/s)
7.92E-11 -
1.26E-11 -
9.97E-11 9.97E-13
6.29E-11 9.97E-11
D-1
10-19m/s HDB-1 2
1/100
D-1, HDB-1, HDB-2
3.2-6 .3.2-8
0_ —

E

S

©

3

|

—-1000} .

—20000

Hydraulic head (EL+m)
3.2-6 D-1 °
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o
o
-

(w) uonens|3

—1000f

—2000

Hydraulic head (EL+m)

HDB-1

3.2-7

150
Hydraulic head (EL+m)

100

50

—1000r

(w) uonens|g

—-2000

HDB-2

3.2-8
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HDB-1 HDB-2
D-1
HDB
HDB-1

HDB
3.2-14 HDB-3 HDB-8

O -
E j
c |
S - 5 .
s a
> 1
Q i
w L
—1000r .
~2000—— - ‘
60
Hydraulic head (EL+m)
3.2-9 HDB-3
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T T I
oF i
£
c
e B T
<
>
Q@
w
—-1000f .
~2000 L
100 120
Hydraulic head (EL+m)
3.2-10 HDB-4
T T |
oF i
E
c
Re) B T
IS,
>
Q
w
—1000f -
2000 SRS S W VA
80 100 120
Hydraulic head (EL+m)
3.2-11 HDB-5
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T T T I
0 -
E
c
el i
©
>
o
wm
—10001
—200 - "
%O 100
Hydraulic head (EL+m)
3.2-12 HDB-6
T T T I
0 -
E
c
kel i
©
>
o
wm
—10001
—200Q——— AL .. N
%O 80 100
Hydraulic head (EL+m)
3.2-13 HDB-7
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Elevation (m)

-1000

-200 : : .
% 100
Hydraulic head (EL+m)

3.2-14 HDB-8

-1000m
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HDB-1

HDB-2

HDB-1

HDB-2
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TOUGH2
LBNL
- TOUGH2 -
FLAC3D Itasca Consulting Group 1997 TOUGH-FLAC Rutquvist,J et
al.,2002 TOUGH2
EOS9
4.2-1
TOUGH2Z
ﬁaud heat transport
r.F B, -
v Py Sy | TOUGH? element node | gkP

)

Coupling module ‘

Yy

:Cnuphnélnnduw

R
Tewe Pruae | 41 | FLAC3D node o |

Stress and strain analysis

FLAC3D

4_2-1 TOUGH-FLAC3D

TOUGH2 FLAC3D

FLAC3D
TOUGH?2
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Richard

0 . k,
E¢Sfp,f =div #p(grad(P( +ngz) (4.1)

H,
¢ S Py k
P
FLAC3D
ov
Pm8 = P at
(¢ A%
Ac'=H (o' éAt)  (4.3)
o' & FLAC3D
1 t
5—§(Vu+ (Vu)) (4.49)
o1 t
s=(vve'(w)) @9
E=E, T &, + & (4.6)
Eq &y Er
o =c6+1aP 4.7
P Biot 1.0

-05-
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TOUGH?2

Porosity, ¢

Mean stress, 0y,

4.2-2

Davis,J.P, and D.K.Davis 1999
¢:¢r +(¢0_¢r)eXp(0{O';\/| ) (4'8)
¢r ¢O 0 O-l'\/l

Leverett M.C.1941

k= koexp[c[g—ln (4.9)
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™ P ]ril i;* THII prel il phe
=] i} Y +f
TOUGH? e n-q{ ar & K ar —»
Pt AP s & AP S
/‘/, ! /'/X ! ./';J
< A A
AP AP -
AT Ak AT Ak 4
AP,— Apr i
o & &
& & P &
o | rd [ o~
Ve I Iy : 7
K A Rl F 3
FLAC3D . >
AE o & Ag gt gkl
Iy L)
TIME | |
| I
4.2-3
TOUGH2 FLAC3D
TOUGH2
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TOUGH-FLAC
1/4
3,000mx 3,000m 2,000m
1/4
3m 500m
TOUGH?2 FLAC-3D
4.31 4.3-2

4.3-1 22,320

- 08 -
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4.3-2
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20m
HDB-1 HDB-2
300m 300m 1000m 1000m
2000m 4.3-3
FLAC3D 2.00

Step 4066 Model Perspective
09:58:18 Tue Jan 20 2004

Center: Rotation:

X: 1.500e+003 X: 30.000
Y: 1.500e+003 Y: 0.000
Z:-1.000e+003 Z: 30.000
Dist: 1.100e+004  Mag.: 1

Ang.: 22.500

Block

3
2
1

Group

4.3-3
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2002
2002a 2002b
2002a 2002b
4.3-1
4.3-1
1.00E-09 0.622
1.00E-10 0.399
5.00E-10 0.25
E50 Bulk modulus |Shear modulus
1541 kg/m3 |947 MPa 0.328(917.6 MPa 356.6 MPa 1.58 MPa 17.6 deg 3.83 MPa 0.383 MPa
1890 kg/m3 |3960 MPa 0.22|2357 MPa 1623 MPa 4.86 MPa 26.1 deg 17.1 MPa 1.71 MPa
2238 kg/m3 |4792 MPa 0.22|2852 MPa 1964 MPa 5.88 MPa 26.1 deg 29.8 MPa 2.98 MPa
500m
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4.4-1 4.4-2 4.4-3

4.4-1

-102 -



JNC  TJ8400 2004-013

FLAC3D 2.00

Step 4066 Model Perspective
11:53:21 Tue Jan 20 2004

Center: Rotation:

X: 1.500e+003 X: 30.000

Y: 1.500e+003 Y: 0.000

Z:-5.000e+002 Z: 30.000

Dist: 9.795e+003 ~ Mag: 1
Ang.: 22.500

Contour of Z-Digplacement
-1.4815e-001 to -1.3000e-001
-1.3000e-001 to -1.2000e-001
-1.2000e-001 to -1.1000e-001
-11000e-001 to -1.0000e-001
-1.0000e-001 to -9.0000e-002
-9,0000e-002 to -8.0000e-002
-8.0000-002 to -7.0000e-002
-7.0000e-002 to -6.0000e-002
-6.0000e-002 to -5.0000e-002
-5.00006-002 to -4.0000e-002
-4.0000e-002 to -3.0000e-002
-3,00006-002 to -2.0000e-002
-2.0000e-002 to -1.0000e-002
-1.0000e-002 to 0.0000e+000
0.0000e+000to 3.9834e-003

Interval = 1.0e-002

Contour of X-Digplacement

4.4-2
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FLAC3D 2.00

Step 4066 Model Perspective
11:53:52 Tue Jan 20 2004

Center: Rotation:

X: 1.500e+003 X: 30.000

Y: 1.500e+003 Y: 0.000

Z:-5.000e+002 Z: 30.000

Dist: 9.795e+003 ~ Mag: 1
Ang.: 22.500

Contour of Y-Digplacement
-4,9191e-002 to -4.0000e-002
-4,0000e-002 to -3.5000e-002
-3,5000e-002 to -3.0000e-002
-3,0000€-002 to -2.5000e-002
-2.5000e-002 to -2.0000e-002
-2.0000¢-002 to -1.5000e-002
-1.5000e-002 to -1.0000-002
-1,0000e-002 to -5.0000e-003
5,0000e-003to 0.0000€+000
0.0000e+000 to 3.6009€-003

Interval = 5.0e-003
4.4-3 Y-
X- Y-
10cm
4.4-4
4.4-5 400m
Im
2
4.4-6 4.4-7 4.4-6
4.4-7 350m
1m
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FLAC3D 2.00

Step 4066 Model Perspective
13:26:49 Tue Jan 20 2004

Center: Rotation:

X: 0.000e+000 X: 30.000

Y: 0.000e+000 Y: 0.000

Z:-4.000e+002 Z: 30.000

Dist: 1.100e+004  Mag.. 10
Ang.: 22.500

Contour of Shear Strain Increment
Gradient Calculation
0.0000e+000to 1.0000e-003
1.0000e-003 to 2.0000e-003
2.0000e-003to 3.0000e-003
3.0000e-003 to 4.0000e-003
4.0000e-003 to 5.0000e-003
5.0000e-003 to 6.0000e-003
6.0000e-003 to 7.0000e-003
7.0000e-003 to 8.0000e-003
8.0000e-003 to 9.0000e-003
9.0000e-003 to 1.0000e-002
1.0000e-002t0 1.02166-002
Interval = 1.0e-003

4.4-4

FLAC3D 2.00

Step 7439 Model Perspective
13:26:34 Tue Jan 20 2004

Center: Rotation:

X: 0.000e+000 X: 30.000

Y: 0.000e+000 Y: 0.000

Z:-4.000e+002 Z: 30,000

Dist: 1.361e+004 ~ Mag: 10
Ang.: 22.500

Contour of Shear Strain Increment
Gradient Calculation
0.0000e+000 to 1.0000e-003
1.0000e-003 to 2.0000e-003
2.0000e-003to 3.0000e-003
3.0000e-003 to 4.0000e-003
4,0000e-003 to 4.7887e-003
Interval = 1.0e-003

4_4-5

400m 100mx 100m

400m 100mx 100m
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FLAC3D 2.00

Step 4066 Model Perspective

13:41:14 Tue Jan 20 2004

Center: Rotation:

X: 4.768e-007 X: 30.000

Y: 0.000e+000 Y: 0.000

Z:-2.813e+001 Z: 30.000

Dist: 1.100e+t004 ~ Mag. 50
Ang.: 22.500

Block State

None
shear-p

4.4-6

FLAC3D 2.00

Step 4066 Model Perspective
13:42:56 Tue Jan 20 2004

Center:

X: 4.601e+001
Y:7.969e+001
Z:-3.500e+002
Dist: 1.100e+004

Rotation:

X: 30.000
Y: 0.000
Z: 30.000
Mag.: 50
Ang.: 22.500

Block State

None
shear-n shear-p
shear-p

4.4-7

350m
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10cm

FLAC3D

TOUGH?2

TOUGH2

- 107 -
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PC-EWS-

11
51-1

10 [Mflops]

km

km 3

TOUGH2

(RIST)

2003

40 [Tflops] flops

1000
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5.1-1

40 [Tflops]

64 [Gflops]

8 [Gflops]

10 [TB]

16 [GB]

35.86 [Tflops]

87.5 [%]

12.3 [GB/sx 2]

5.1-2

(

EARTH Earth Yokohama, Japan NEC 35.86

SIMULATOR | Simulator [Tflops]
Center

ASCI Q LANL Los Alamos, USA HP Alphaserver SC | 13.88
[Tflops]

Virginia Virginia Tech | Blacksburg, USA Dual Apple G5 /| 10.28
Tech’'s X Mellanox [Tflops]

Tungsten NCSA Urbana-Champaign | Dell PowerEdge | 9.819
,USA 1750 / Myrinet [Tflops]

MPP2 PNNL Richland, USA HP rx2600 Itaniumz | 8.633
/ Quadrics [Tflops]

DO IF
5.1-1

-109 -




JNC

TJ8400 2004-013

e -

5 E(1)+F(1)
i B(2)+C(2) E
! E(2)+F(2)
| E(100)+F(100) |
N\ BL)+C() E()+F(1)
i\ B(2)+C(2) E(2)+F(2)
i B(3)+C(3) E(3)+F(3)
B(100)+C(100) \ \E(100)+F(100) 4

5.1-1

5.1-3
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5.1-3
DO DO WHILE IF GOTO
CONTINUE GOTO CYCLE EXIT IF
CASE CALL
4 8
4 2 1
5.1-2
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> Ts -
i Ts(1-a) Tsx a
: Ts(1-a) Tsxa
TP .
T, al-p)+p :
_ Tsa/B _ a Ts
T, of-p)+p T
5.1-2
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5.1-3
(CPUL)
CPU 5.1-3

CPUO cPUO| cpPul cPUZ cpPug

a I:> al a2 a3 a4
| | | |

| |

5.1-3
CPU CPU CPU CcPU
: 1CPU
1CPU CcPU
CPU
CPU
acPu cPU
CPU
CPU CPU CPU ccu [
4cPU cPU
5.1-4
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5.1-5

A

v

A
\ 4
A

Ts(1l-a ) Tsx a

A
v

Ts(1l-a ) Tsxa n
a
n CPU
Ts
Tp
5.1-5
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TOUGH?2
TOUGH?
TOUGH2P
TOUGH?2
TOUGH2P
TOUGH?2
TOUGH2P
TOUGH2P
99% TOUGH2P
CPU
TOUGH?2
5.2-1 TOUGH2P CPU
300
250 | \
_200
o
: \
150 \\
100 \\‘\
50 —
—e
0
0 5 10 o - - I 35
CPU

5.2-1
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5.2-2 1CPU
8[Gflops] 5.2-2
100 25

30
& 25 I >~ —e ?
o
—
LL
o //
> 20
o
o
i j
© 15

10
~N 5 o

0

0.E+00 2.E+05 4 E+05 6.E+05 8.E+05 1.E+06
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TOUGH2
TOUGH?2
5.2-1 5.2-2 TOUGH?2
5.2-1 TOUGH2
t2cqlf [t2ff ma28.f meshm.f
10 INPUT MC20A |MESHM
FLOP RFILE MC20B |RZ2D
DBCG pmin MC13D |WRZ2D
DCGS rand MC13E |PRZ2D
DCHKW |INDATA [MC22A |GXYZ
DGMRES |CYCIT MC24A |NCAR
DHELS |fgtab MC21A |PCAR
DHEQR |MULTI MC21B |MINC
DORTH |QU MA30A |PART
DPIGMR |phas MA30D |GEOM
DS2Y phasd MA30B |INVER
DSILUS |phasf MA30C |MINCME
DSLUBC |WF MA28A
DSLUCS |ttab MA28B
DSLUGM |gcor MA28D
DSLUI CONVER [MA28C
DSLUTI |WRIFI
DSMTV |FINDER
DSMV FINDL
LINEQ QINTER
QS2I1D [HINTER
second [THYME
TSTEP
MC19A
RELP
PCAP
SAT
COWAT
SUPST
TSAT
SIGMA
VIS
VISW
VISS
THERC
OUTDF
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5.2-2 TOUGH2
eosl.f eos2.f eos3.f eos4.f eosb.f eos7 eos7r eos8.f e0s9.f ewasg.f
EOS EOS EOS EOS EOS EOS EOS EOS EOS EOS
ouT HENRY |PP finds PP PP PP7r PP finds HENRY
BALLA |SOLUT [vISCO [PvTS [visco |viscO |vIScO |viscOo |ouT SOLUT
QLOSS |co2 ouT PP ouT ouT ouT ouT BALLA |NCG
VISCO |[BALLA |VISCO |BALLA |BALLA |BALLA |BALLA [QLOSS [SATB
ouT QLOSS |ouT QLOSS [QLOSS [QLOSS |QLOSS |MULTI  |vISB
BALLA BALLA fgtab VISH20
QLOSS QLOSS COBRI
HALITE
VISGAS
TCRIT
PP
VISCO
ouT
BALLA
QLOSS
TOUGH2 t2cgl.f
5.2-3
10 SECOND [INPUT FLOP RFILE [INDATA CYCIT
TOUGH?2 CALL
call call date_and_time
TOUGH2 User’s
Guide, Version 2.0 (Preuess et.al.,1999) sample rhp.inp

EOS3
5.2-3
CYCIT

CALL
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4.5

4.0

[
225
2.0

15

10 1
05 1
0.0

5.2-3 CALL

CYCIT CALL
5.2-4

1.8

1.6

1.4
~12 r
o

210 t
0.8
0.6
04 r
0.2
0.0

5.2-4 CYCIT

EOS LINEQ MULTI DO
DO TOUGH2
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GrADS(Grid Analysis and Display system)

2
URL
http://grads.iges.org/grads/head.html
Vis5D,Vis5D Stereo
3 Vis5

5

3
VisbD Stereo

Vis5

URL

http://www.ssec.wisc.edu/~billh/vis5d.html

AVS,AVS/ExpressRV
3 AVS/ExpressRV
URL
http://www.kgt.co.jp/index.html

ENVI/IDL

URL

http://adamnet.co.jp/scs/products/idl/index.html

http://adamnet.co.jp/scs/products/envi/index.html

GeoFEM & Hpcmw-PC-Cluster
GeoFEM
1/0
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PC Finite Element Method
Geo-FEM Hpcmw-PC-cluster
Hpcmw-PC-cluster URL

http://www.fsis.iis.u-tokyo.ac.jp/result/software/index.html

http://geofem.tokyo.rist.or.jp/tutorial/vis_tutorial/index Ja.html

TOUGH2 Hpcmw
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2.5%

Step.1 2002
Step.2
Step.3

Step.4

2001
2002
SK-1

HDB-2

D-1
75%

MACRO TOUGH2
40mm
10mm
2002

GEORAMA
(SK-1,D-1)

HDB-1,2

HDB-3,4
100m

2002
2002 D-1
iTOUGH2
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HDB-1 HDB-2

HDB-1

1/4

im

TOUGH2

TOUG2
CYCIT

EOS

TOUGH-FLAC

im

LINEQ MULTI
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TOUGH?2 LBNL
(Lawlence Berkeley National Laboratory)

TOUGH2P

- 124 -



JNC  TJ8400 2004-013

Battistelli, A, C. Carole, K. Pruess “ The Simulator TOUGH2/EWASG for Modeling
Geothermal Reservoirs with Brines and Non-Condensible Gas” , Geothermics,
vol.26, No.4, pp.437-464, (1997)

" JNC TJ1440 99-005, (1999)

Davis, J.P.,, and D.K. Davis “ Stress-dependent permeability characterization and
modeling” . Socfety of Petroleum Engineers, SPE Paper No. 56813. (1999)

PNC TJ1027 98-012, (1987)

Finsterle, S., and P. Persoff “ Determining permeability of tight rock samples using
inverse modeling” , Water Resources Research, \/ol.33, No.8, pp.1803-1811, (1997)

Finsterle, S., and J. Najita “* Robust Estimation of Hydrogeologic Model Parameters” ,
Water Resources Research, \/ol.34, No.11, pp.2939-2947, (1998)

" JNC TJ1410 2001-002, (2001)

" JNC TJ1400 2002-004, (2002)
“ " No.10 pp.105
134, (1985)
Itasca Consulting Group “ FLAC3D User’s Manual” , (1997)

” ( ), (2004)

14 " JNC TN1400 2003-004 pp.3-72 3-74, (2003)

" JNC TJ 1440 99-005, (1999)
VOL.6 No.3 pp.133 146, (1987)

Kukkonen, I.T. “* Thermal aspects of groundwater circulation in bedrock and its effect
on crustal geothermal modeling in Finland, the central Fennoscandian Shield” ,
Tectonophysics, No.244, pp.119-136, (1995)

Leverett M.C.“ Capillary behavior in porous media” , 7rans. IAME, No.142, pp.341-358,
(1941)

Pruess, K.,etal., ©* TOUGH2 User's Guide, Version 2.0" , Lawrence Berkeley National
Laboratory Report LBNL-43134, Berkeley, CA, p.197, (1999)

-125-



JNC  TJ8400 2004-013

Rutquvist, J., et al., * A modeling approach for analysis of coupled multiphase fluid
flow, heat transfer, deformation in fractured porous rock” ,/nt. J. of Rock. Mech.
And Mining Sci. No.39, pp.429-442, (2002)

“ ! No.12 pp.197 236, (1987)

“ (HDB-1 )
» IJNC TJ1400 2002-010, (2002a)
(HDB-2 )

" JNC TJ1400 2002-011, (2002b)

-126 -



