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It is important for safety assessment of HLW geological disposal to understand hydro-geological conditions at the 

investigation area, and to evaluate groundwater flow and mass transport model and parameters, at each investigation 

phase. Traditionally, for Neogene sedimentary rock, the grain spacing of sediments has been considered as the 

dominant migration path. However, fractures of sedimentary rock could act as dominant paths, although they were soft 

sedimentary rocks. In this study, as part of developing groundwater flow and mass transport evaluation methodologies 

of such a “fractured sedimentary rock” distributed area, we conducted two different scale of studies; 1) core rock 

sample scale and 2) several kilometer scale. 

For the core rock sample scale, some of laboratory hydraulic and tracer experiments have conducted using the rock 

cores with tailored parallel fracture, obtained at pilot borehole drilled in the vicinity of ventilation shaft. From the test 

results, hydraulic conductivity, diffusion coefficient, transport aperture, dispersion length and etc. was evaluated.  

Based on these test results, the influence of these parameters onto mass transport behavior of fractures sedimentary 

rocks was examined. For larger scale, such as several kilometer scale, the regional scale groundwater flow was 

examined using temperature data observed along the boreholes at Horonobe site. The results show that the low 

permeable zone between the boreholes might be estimated.. 
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3.3.2

1

3.3-8

 3.3-9  3.1-3 6

 3.3-9 (a)

 3.3-9 (b)

 3.3-9 (c)

 3.3-8

 3.3-8
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 3.3-8

 3.3-9

O

H(m)

O

H(m)
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2

Tf(m
2
/s)

(3.3-8) (3.3-9)

Ix

Q
T

f
(3.3-8) 

L

H
I (3.3-9) 

Tf (m
2
/s) Q (m

3
/s) L: (m) x (m) I

(-) H (m)

 3.3-4 7.30 10
-8

(m
2
/s)

0.047(mm)

 3.3-4 6
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3.4

3.4.1

(1)

 3.4-1  3.4-2

2 2

 3.4-2 30mm 5mm

 3.4-1  3.4-2

50ml

1 11 1 20ml

11

1 2

ICP 0.01 

mg/L
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 3.4-1

II

(500(500mg/L)mg/L)

=3cm=3cmII

(500(500mg/L)mg/L)

II

(500(500mg/L)mg/L)

=3cm=3cm=3cm=3cm

 3.4-2
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1

 3.4-1 KI

I

I 500 mg/L

 3.4-1

2

 3.4-3

Cp(t,x)=0 t=0 0 x H Cp(t,x)=C0 t 0 x=0 Cp(t,x)=0

t 0 x=H

1
2

22

222

0 exp
12

6 n

n

H

tnDe

nH

tDe

Vm

CHSr
Cd  (3.4-1) 

Cp t x H m

C0 mg/L Cd mg/L Sr

m
2

De m
2
/s Vm m

3

-  = n + Kd n kg/m
3

Kd

m
3
/kg

(3.4-1) Cd

3.4-1

3.4-2

62

0

H

tDe

Vm

CHSr
Cd             (3.4-2) 

I
-
  500 mg/L

50 ml

50 ml

22 25
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3.4-2

De

T

H
Da

int

2

6
                     (3.4-3) 

Da m
2
/s Tint 0 s

 3.4-2

1.15 10
-10

 (m
2
/s)

 3.4-4 0

 3.4-2 2003, 2004, 2007, 2008

���������������������

����



 3.4-3

 3.4-4 2003, 2004, 2007, 2008

, 1999

1.0E-14

1.0E-13

1.0E-12

1.0E-11

1.0E-10

1.0E-09

1.0E-08

0.001 0.01 0.1 1

ne (-)

D
e

(m
2
/s

JNC2000
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3.4.2

1

 3.4-5

2

ICP

3.3.2  3.4-5
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 3.4-5

5ml ICP

ICP 0.01 

mg/L

 3.4-5

KI

O

KI

O
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2

 3.4-3

I
-

500 mg/L q=0.003 cm
3
/min

 3.4-3

3

 3.4-6

ICP

FRAC3DVS ver.3.49 Therrien et al., 1999; Therrien 

and Sudicky, 1996

 3.4-4

 3.4-7

20mm

250mm

50mm

 3.4-8  3.4-9
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37

 3.4-6

0.033 mm 0.004 m

0.046mm 1995

0.005m L/10 L  m

4  3.4-10

=

De=1.15 10-10m2/s De=6.00 10-11m2/s

 3.4-4  3.4-2

X

 3.4-11

e

T Te 2 Shimo 1999

Te 2
1/10 1/100
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 3.4-6

 3.4-4

 3.4-7 5

P= C=C0) P=0

20.0mm

30.0mm

250.0mm

P= C=C0) P=0

20.0mm

30.0mm

250.0mm
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(a)

(b)

 3.4-8
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(a)

(b)

 3.4-9
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 3.4-10

 3.4-11

2003, 2004, 2007, 2008 Shimo et al., 1999

1.00E-06

1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E-12 1.00E-11 1.00E-10 1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05
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Kamaishi In-situ Tracer Test (SF-1 Test)

Kamaishi In-situ Tracer Test (SF-2 Test)

Kamaishi In-situ Tracer Test (D-zone)
e=2 T

e=10 T

e=1 T

Cubic law
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4.

FRAC3DVS 

ver.3.49 Therrien et al., 1999; Therrien and Sudicky, 1996

4.1

 4.2-1

X Z

25m 10m X=0m X=10m
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 4.2-1

 4.2-2

3
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Tt
T

4.3

Tt
T

2 4.4

(c) f

1/10 1/100

f 10m 1/10

f=1.0m

2

(a) n

n  3.2-1

 4.2-1 30 40

 4.2-2 3

(b) De

De  3.4-2

 4.2-1  3.4-2 (4.5)

 4.2-1 (4.4)

D* n (a)

 4.2-2 3 De  4.2-1

*
DnD

e
(4.5) 

D* 2.0 10
-9

 m
2
/s

(c) km

km  3.3-3

 4.2-1

1 10
-11 

m/s
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3

2005

0.005

 4.2-1

 4.2-1 2003, 2004, 2007, 2008

 4.2-2
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 4.2-2

 4.2-3

 4.2-3
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4.3

(1) 

 4.3-2  4.3-4

3

 4.3-5

t*

f
v

l
t

*
4.6

l m 10m vf m/s vf = Q 

/ tT Q m
3
/s tT m

 4.3-1

 4.3-2

vf

4.3-5

 4.3-2  4.3-4

 4.3-2  4.3-4 tT =Cubic Low

 4.3-6
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(2) 

 4.3-7 tH=5.00e-5m tT=2

T tH=5.00e-4m tT=Cubic Law

 4.3-7

(4.5)
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(a)

(b)

 4.3-1

tH=1.00e-4

t T
=

1
.0

0
e-

4

t T
=

8
.5

3
e-

4

t T
=
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71
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t T
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1
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0
e-
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t T
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8
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t T
=
1.

71
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(a) (b)

 4.3-2 tH=5.00e-5 m

(a) (b)

 4.3-3 tH=1.00e-4 m
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(a) (b)

 4.3-4 tH=5.00e-4 m

 4.3-5 tH tT Qf vf

tH=5.00e-4 m 4.3-4

tH=1.00e-4 m 4.3-3

tH=5.00e-5 m 4.3-2

tH=5.00e-4 m 4.3-4

tH=1.00e-4 m 4.3-3

tH=5.00e-5 m 4.3-2
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 4.3-6

 4.3-7

tH=5.00e-5

tH=1.00e-4

tH=5.00e-4

tT=5.00e-4 Cubic Law

tT=9.53e-3 T

tT=1.91e-2 2 T

t T
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4
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L
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t T
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53
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T tT=1.71e-3 2 T

tT=5.00e-5 Cubic Law

tT=3.02e-4 T

tT=6.03e-4 2 T

tH=5.00e-5

tH=1.00e-4

tH=5.00e-4

tH=5.00e-5

tH=1.00e-4

tH=5.00e-4

tT=5.00e-4 Cubic Law

tT=9.53e-3 T
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4
T tT=1.71e-3 2 T

tT=5.00e-5 Cubic Law

tT=3.02e-4 T

tT=6.03e-4 2 T

tH=5.00e-5_tT=5.00e-4 Cubic Law

tH=5.00e-4_tT=6.03e-4 2 T

n=30%

n=35%

n=40%

n=30%

n=35%

n=40%

tH=5.00e-5_tT=5.00e-4 Cubic Law

tH=5.00e-4_tT=6.03e-4 2 T

tH=5.00e-5_tT=5.00e-4 Cubic Law

tH=5.00e-4_tT=6.03e-4 2 T

n=30%

n=35%

n=40%

n=30%
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5.

5.1

Doughty and Karasaki(2002) Wu et al.( 2004; 2007) 

Bense and Kooi(2004)

5.2 HDB

 5.2-1 HDB

 5.2-2 HDB

( 2006)  5.2-2 HDB-7

HDB HDB-7

HDB

HDB-7 5

HDB

2 3

HDB-7 HDB-8
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 5.2-2 HDB

998kg/m
3

 5.2-3 HDB-7 HDB

 5.2-1 HDB , 2005b 16
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60

65

70

75

80

85

90

-100 0 100 200 300 400 500 600

H
e

a
d

 (
m

)

Depth (m)

HDB-1

HDB-3

HDB-6

HDB-7

HDB-8

HDB-9

 5.2-3 HDB 998kg/m3

5.3

LBNL TOUGH2 Pruess, et. al., 1999

EOS-3 Wu, et al., 2008

600

Total concentration

5.4

600m 1 5m

5.5

 5.5-1 HDB-7 HDB

HDB-7 43.75m
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400m 600m  5.5-2 HDB-8

HDB-8 70.05m 140m 600m

 5.5-1 HDB-7

Geologic 

Units/Layers 

Depth

(m)

Thickness (m) 

Temperature 

(
o
C)

Pressure

(KPa)

Yuuchi F. 45.35 97.71 8.55 549.27 

Yuuchi F. 143.06 48.74 12.2 1600.14 

Yuuchi F. 191.80 15.26 14.11 2099.64 

Yuuchi F. 207.06 15.04 14.62 2259.53 

Yuuchi F. 222.09 10.76 15.13 2414.1 

Yuuchi F. 232.86 98.02 15.55 2529.13 

Yuuchi F. 330.88 25.77 19.53 3522.07 

Yuuchi F. 

/Koetoi F. 

356.64 91.53 20.56 3790.36 

Koetoi F. 448.17 75.33 24.51 4709.45 
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 5.5-2 HDB-8

Geologic 

Units/Layers 

Depth

(m)

Thickness (m) 

Temperature 

(
o
C)

Pressure

(KPa)

Koetoi F. 65.48 31.74 31.74 680.89 

Koetoi F. 97.22 10.75 10.75 996.56 

Koetoi F. 

/ Wakkanai F. 107.97 69.01 69.01 1103.02 

Wakkanai F. 176.98 29.75 29.75 1784.73 

Wakkanai F. 206.73 73.74 73.74 2077.55 

Wakkanai F. 280.43 10.72 10.72 2734.68 

Wakkanai F. 291.15 100.48 100.48 2938.81 

Wakkanai F. 391.64 49.5 49.5 3944.4 

Wakkanai F. 441.13 32.33 32.33 4433.35 

 5.5-3  HDB-7 HDB-8

Well 

Depth

(m)

Total concentration

(ppm)

Density factor

HDB-7 41.61 4,698 1.003

HDB-7 131.13 9,928 1.008

HDB-7 320.52 29,107 1.027

HDB-7 343.42 31,572 1.030

HDB-7 398.90 28,850 1.027

HDB-7 442.20 31,094 1.029

HDB-7 496.25 28,440 1.026

HDB-7 506.64 29,230 1.027

HDB-8 63.15 3,255 1.001

HDB-8 101.87 4,204 1.002

HDB-8 283.82 11,469 1.009

HDB-8 344.45 12,395 1.010

HDB-8 400.79 12,014 1.010

HDB-8 449.14 13,066 1.011 

HDB-8 465.34 15,175 1.013
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 5.5-3 HDB-7 HDB-8

 5.5-1

 5.5-1  HDB-7 8

 5.5-4 (hydraulic conductivity)

(permeability) 1000.1(kg/m3) 0.0011 (Pa·s)

 5.5-4

Geologic Unit 
Hydraulic conductivity

(m/sec)
Permeability (m2) Porosity 

Yuuchi F. 5.70E-10 6.27E-17 0.55 

Koetoi F. 3.59E-09 3.95E-16 0.55 

Wakkanai F. 1.36E-08 1.50E-15 0.45 
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5.6

2 HDB-7 HDB-8

1.

2.

5.7

5.7-1 HDB-7  (1mm/yr, 10mm/yr, 50mm/yr) 

 5.7-2

( ) (3mm/yr, 10mm/yr, 50mm/yr) HDB-7

3mm/yr

 5.7-3 ( ) (0mm/yr, 3mm/yr, 10mm/yr) 

HDB-7

3mm/yr
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 5.7-1  (1mm/yr, 10mm/yr, 50mm/yr) HDB-7

 5.7-2 3mm/yr, 10mm/yr, 50mm/yr HDB-7
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 5.7-3 0mm/yr, 3mm/yr, 10mm/yr HDB-7

 5.7-4  (6mm/yr, 10mm/yr, 50mm/yr) HDB-8

 5.7-5 (

) (0mm/yr, 10mm/yr, 50mm/yr) HDB-8

 5.7-6 ( ) (0mm/yr, 6mm/yr, 10mm/yr, 50mm/yr) 

HDB-8

6mm/yr
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 5.7-4 (6mm/yr, 10mm/yr, 50mm/yr) HDB-8

5.7-5 0mm/yr, 10mm/yr, 50mm/yr HDB-8
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 5.7-6 0mm/yr, 6mm/yr, 10mm/yr, 50mm/yr

HDB-8

5.8

HDB-7 HDB-8

HDB-8 HDB-7

HDB-7 v.s. HDB-8

HDB-7 3mm/yr HDB-8 6mm/yr

HDB-1, 3, 6, 9 HDB-8 

5.8-1 HDB-7 HDB
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 5.8-1 ( )

, 2005b 16
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6.

6.1

GL.-232.45m 233.70m

1

1.77 10
-10

 (m/s)

2

1.15 10
-10

 (m
2
/s)

FRAC3DVS

0.004 (m)

0.033mm

2 T
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6.2

6.3

HDB-7 HDB-8 

HDB-7 HDB-8 HDB-8 HDB-7

HDB-7 3mm/yr HDB-8 6mm/yr

HDB-7 HDB-8 
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7.

HDB-7 HDB-8 

HDB-7

3mm/yr HDB-8 6mm/yr

HDB-7 HDB-8 

10cm m
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1024 10-1 d
1021 10-2 c
1018 10-3 m
1015 10-6 μ
1012 10-9 n
109 10-12 p
106 10-15 f
103 10-18 a
102 10-21 z
101 da 10-24 y

SI 

SI 
min 1 min=60s

h 1h =60 min=3600 s
d 1 d=24 h=86 400 s
° 1°=( /180) rad
’ 1’=(1/60)°=( /10800) rad
” 1”=(1/60)’=( /648000) rad

ha 1ha=1hm2=104m2

L l 1L=11=1dm3=103cm3=10-3m3

t 1t=103 kg

SI SI

SI
eV 1eV=1.602 176 53(14)×10-19J
Da 1Da=1.660 538 86(28)×10-27kg
u 1u=1 Da

ua 1ua=1.495 978 706 91(6)×1011m

SI SI SI

SI 
Ci 1 Ci=3.7×1010Bq
R 1 R = 2.58×10-4C/kg

rad 1 rad=1cGy=10-2Gy
rem 1 rem=1 cSv=10-2Sv

1 =1 nT=10-9T
1 =1 fm=10-15m
1  = 200 mg = 2×10-4kg

Torr 1 Torr = (101 325/760) Pa
atm 1 atm = 101 325 Pa

1cal=4.1858J 15 4.1868J
IT 4.184J

μ  1 μ =1μm=10-6m

10 SI

cal

(a)SI

(b)
rad sr

(c) sr
(d)
(e)

(f) activity referred to a radionuclide ”radioactivity”
(g) PV,2002,70,205 CIPM 2 CI-2002

CGS SI

a amount concentration
substance concentration

SI 

Pa s m-1 kg s-1

N m m2 kg s-2

N/m kg s-2

rad/s m m-1 s-1=s-1

rad/s2 m m-1 s-2=s-2

, W/m2 kg s-3

, J/K m2 kg s-2 K-1

J/(kg K) m2 s-2 K-1

J/kg m2 s-2

W/(m K) m kg s-3 K-1

J/m3 m-1 kg s-2

V/m m kg s-3 A-1

C/m3 m-3 sA
C/m2 m-2 sA
C/m2 m-2 sA
F/m m-3 kg-1 s4 A2

H/m m kg s-2 A-2

J/mol m2 kg s-2 mol-1

, J/(mol K) m2 kg s-2 K-1 mol-1

C/kg kg-1 sA
Gy/s m2 s-3

W/sr m4 m-2 kg s-3=m2 kg s-3

W/(m2 sr) m2 m-2 kg s-3=kg s-3

kat/m3 m-3 s-1 mol

SI
SI 

m2

m3

m/s
m/s2

m-1

kg/m3

kg/m2

m3/kg
A/m2

A/m
(a) mol/m3

kg/m3

cd/m2

(b) 1
(b) 1

SI
SI

SI SI

( ) rad 1 m/m
( ) sr(c) 1 m2/m2

Hz s-1

N m kg s-2

, Pa N/m2 m-1 kg s-2

, , J N m m2 kg s-2

W J/s m2 kg s-3

, C s A
, V W/A m2 kg s-3 A-1

F C/V m-2 kg-1 s4 A2

V/A m2 kg s-3 A-2

S A/V m-2 kg-1 s3 A2

Wb Vs m2 kg s-2 A-1

T Wb/m2 kg s-2 A-1

H Wb/A m2 kg s-2 A-2

( ) K
lm cd sr(c) cd
lx lm/m2 m-2 cd
Bq s-1

, , Gy J/kg m2 s-2

, ,
, Sv J/kg m2 s-2

kat s-1 mol

SI
SI 

SI 
bar bar=0.1MPa=100kPa=105Pa

mmHg 1mmHg=133.322Pa
=0.1nm=100pm=10-10m

M=1852m
b b=100fm2=(10-12cm)2=10-28m2

kn kn=(1852/3600)m/s
Np

dB       

SI SI

m
kg
s
A
K

mol
cd

SI
SI 

SI
erg 1 erg=10-7 J
dyn 1 dyn=10-5N
P 1 P=1 dyn s cm-2=0.1Pa s
St 1 St =1cm2 s-1=10-4m2 s-1

sb 1 sb =1cd cm-2=104cd m-2

ph 1 ph=1cd sr cm-2 104lx
Gal 1 Gal =1cm s-2=10-2ms-2

Mx 1 Mx = 1G cm2=10-8Wb
G 1 G =1Mx cm-2 =10-4T
Oe 1 Oe   (103/4 )A m-1

CGS
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