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Japan Atomic Energy Agency 
Horonobe-cho, Teshio-gun, Hokkaido 

(Received October 9, 2008) 

The Pilot Borehole Investigation of the Ventilation Shaft was conducted in 
Horonobe, Hokkaido, Japan from October 2007 to March 2008. Main purpose of the 
investigation is to understand geological, hydrogeological and hydrochemical properties 
of the formation where the Ventilation Shaft has been excavated.  

Hydraulic packer tests show that hydraulic conductivity lies in the range from 
1.1E-11 to 1.4E-7 m/sec down to 500m in depth. This heterogeneity mainly depends on 
the distribution and permeability of groundwater inflow points, which were detected by 
Fluid Electric Conductivity logging. High conductive zones were found between 263m 
and 290m, 355m and 370m of the depth in the pilot borehole. An effective method for 
reducing groundwater inflow should be considered for the deeper Ventilation Shaft 
excavation. 

Keywords: Horonobe Underground Research Laboratory Project, Ventilation Shaft, 
Pilot Borehole, Hydraulic Packer Test, Fluid Electric Conductivity Logging 
*1: Taisei Corporation 
*2: Geophysical Surveying Co., Ltd. 
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2.

2.1
1 PB-V01 PB-V01

45°02 43.73292 X:116238.989 m
141°51 34.50747 Y:-30775.516 m
60.000m Z:    60.000 m

1

2.2
2 PB-V01 PB-V01 520.5m

147.3m
1 150m

PB-V01

3 PB-V01
19 10 20 4
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3.

3.1

1)

2

2

4

 9.5 mm : 260
Rochester

GSC-DWL 

( )
 NEC PC9821 LS13 

 RO-300 
DWLS Ver.7.1 

EMFM-001 
(Century)

 AC100V ±10%  50/60 Hz 
64VDC 

LOG DISPLAY 

(Century)

48 mm 161 cm 
10 100000 S cm 

10 S cm 

(Paine )
0 10000PSI 
±0.6 FS

3.2
20 2 5 2 7 2

4
JFT 510m

1.5
500 S/cm

JFT

1 34m 2 44m
1 8L/min 2 16L/min
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15m/min
1 5 5

4

3 1 8L/min 4 2 16L/min
2.2 147.3m
150m
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3 1 130.4* 506.2m

(m) ( /min) (m/min)

2008/2/5 
18:05 20:45  

520m 
24.0m3

0

152008/2/5 6
23:30 0:21

131.1 506.0 
506.2 131.2 

0
15

15

H
2008/2/6 

1:00 1:51 
131.1 506.0 
506.1 131.0 

8
15

15

H
2008/2/6 

2:00 2:51 
131.1 506.1 
506.2 131.1 

8
15

15

H
2008/2/6 

3:00 3:51 
131.1 506.0 
506.2 131.0 

8
15

15

H
2008/2/6 

4:00 4:51 
131.1 506.0 
506.2 130.4 

8
15

15

H
2008/2/6 

5:00 5:51 
131.2 506.0 
506.2 131.2 

8
15

15

H
2008/2/6 

6:00 6:51 
131.1 506.0 
506.2 131.2 

8
15

2008/2/6 
6:55 8:45  30.0m 

0 0

520.5m 6-1/4 147.3m 9-5/8

34m 30m 10cm

* 130.4 131.2m
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4 2 130.9** 506.2m

(m) ( /min) (m/min)

2008/2/6 
15:48 18:10  

520m 
16.6m3

0

152008/2/6 
20:10 21:01 

131.1 506.0 
506.2 131.2 

0
15

15

H
2008/2/6 

21:30 22:21 
131.2 506.1 
506.2 131.1 

16
15

15

H
2008/2/6 

22:30 23:21 
131.1 506.0 
506.1 131.0 

16
15

15

H
2008/2/6 7
23:30 0:21

131.1 506.0 
506.2 130.9 

16
15

15

H
2008/2/7 

0:30 1:21 
131.1 506.1 
506.3 131.1 

16
15

15

H
2008/2/7 

1:30 2:21 
131.2 506.1 
506.3 131.1 

16
15

15

H
2008/2/7 

2:30 3:21 
131.1 506.1 
506.2 130.9 

16
15

2008/2/7 
3:25 8:24  40.0m 

0 0

520.5m 6-1/4 147.3m 9-5/8

44m 40m 10cm

** 130.9 131.2m

����������������������

���



3.3
1 2
10cm 5 6

5 1 8L/min

6 2 16L/min
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1
20 1m

50cm 11 7
5

EC(20 )=EC(T)/{1+0.025(T-20)} 

EC ( S/cm)
T ( )

7
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5

m

1 212.3 

2 214.6 

3 234.0 

4 252.0 

5 256.3 

6 259.0 

7 265.0 

8 273.0 

9 279.2 

10 281.0 

11 288.4 

12 322.0 

13 329.1 

14 357.3 

15 362.9 

16 397.4 

17 407.0 

18 469.8 

19 488.6 

19
4

2),3)
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4.

4.1

8

JFT 3.5
3.5

JFT

P1 P2 P3
P4 P1 P4 P1 P3

8
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4.2

4) 9
PB-V01

5)

9

(1) (PSR)
10

10
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3

(2) (PW PI)
11

PW PI

11
(3) (SW SW/SWS)

12

SW
SWS

SW 5

Shut-in

12
(4) (RW/RWS) 

13
RW

(RWS)

13
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4.3

0MPa

(1)
1000kg/m3

(m) (MPa) 0.009807 (m)

(2)
(PW,PI) (SW) Hvorslev

Cooper 6)

SWS Agarwal Hvorslev
Cooper Agarwal (3)

1)Hvorslev 7)

Hvorslev

21
12

2

/
8

/2 ssLn
ttL

rLmLnRwk

k (m/sec)
Rw
r (m)
m ( 1)
L (m)
t (sec) 
s (m)

t-Log s
t1,s1,t2,s2

T

T [ k L ] (m2/sec)

����������������������

����



Hvorslev 14
4.4

14 Hvorslev No.9

2)Cooper 8)

t-Log s
Cooper

Log t s/s0

Log t s/s0

0 0

0 0

Cooper

Lt
Rwk

0

0
2

LRwr
aSs 2/

k (m/sec)
Rw
r (m)
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L (m)
Ss (1/m)
t0 (sec)

[ S (r/Rw)2 ]
0 [ T t0/Rw2 ]

T
S

T [ k L ] (m2/sec) 
S [ Ss L ]

Cooper 15

15  Cooper No.13

3) 9)

Hvorslev Cooper
Rw R

R
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H
P1a

Ew
VwR

R (m)
Vw (m3)
Ew ( 2.3×1011gf/m2)

(m5/gf)
P 10000 gf/m2

H 0.01m

(3)
(RW) 2 Cooper-Jacob 10)

(RWS) Agarwal 11)

1)RW
t s

Log t s
Log t s Log t 1

s s
T

Log t s p t p

16
s = 0  t0 S

s = 0 t0 S

s
QT 183.0

02

25.2 t
r

TS

T (m2/ sec) 
S

s Log t 1 (m)
r (m)
Q (m3/ sec) 
t0 s 0 t (sec) 
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k
Ss

16 Horne(1995)12)

Cooper-Jacob 17 18

16

17 RW No.10
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18  Cooper-Jacob No.10

2)RWS
Agarwal ( tp t /( tp t )) Sr

Log( tp t /( tp t )) Sr
Log( tp t /( tp t )) Sr
Log( tp t /( tp t )) 1 Sr

Sr T
RW

Agarwal  (tp t /( tp
t))

Sr = 0 ( tp t /( tp t ))0

S Sr = 0 S

Sr
QT 183.0

02 ))/((T25.2 ttpttp
r

S

T (m2/sec)
S
tp (sec)
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t (sec)
Sr Log (tp t /( tp t))1 (m)

r (m) 
Q (m3/sec)
(tp t /(tp t))0 s 0 (tp t /(tp t)) (sec) 

k Ss

(2) SWS RWS
Q tp

Q = A (ds /dt) tp = Sr0 / (ds /dt)

Q (m3/sec)
A (m2)
(ds /dt) SWS 60 (m / sec)
Sr0 SW (m)

Agarwal 19 20

19 RWS No.3
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20  Agarwal No.3

4.4
2 14 No.1 No.14

1 No.1 No.4 19 12 28 20 1 17
355.0m

2 No.5 No.14 20 2 9 20 3 18
520.5m

21 6
No.2
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6
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PB-V01
3

21

No.3,4,10
No.10

4.5
7 4.2

7
PW SW SWS RWS
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22
No.6,9,12 GL+7 10m

No.6,9,12
GL+16 16.5m

23 PB-V01
64.55m 500

4.2 10-7 9.3 10-6m2/sec 380 444m
6.9 10-10m2/sec 14.05m 15.05m

5
10-7 10-5m2/sec

10-10m2/sec

22
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23

(skin effect)
13),14)

4.3

2

24

4
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263 290m 355
370m

(2008)15)

24 PB-V01
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5.

PB-V01

(1)
147.3 520.5m 19

(2) 147.3 520.5m 14 PB-V01
500 6.5 10-9 1.4

10-7m/sec 380 444m 1.1
10-11m/sec

(3)
4

(4) 263 290m 355 370m
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No.1

249.38 313.93mabh

Double Packer(s)

Test No.1
mabh mbgl

355.00 ( )
8.97 (m) 0.0825

247.85 (m) 0.0451
249.38 (m) 0.0179
313.93 (m) 64.55
315.45 (MAIN )(m3) 6.606E-03
281.66 (m3) 1.337E+00

P1 245.85 Rw (m) 1.413E-03
P2 245.85
P3 245.55

  INF FL-PSR PW1-PW2-SW1-PW3-SW2 DEF

T m2/sec k(m/sec) S ( - ) Ss(1/m)
7.42E-07 1.15E-08 2.93E-06 4.54E-08 Cooper

Hvorslev
6.92E-07 1.07E-08 2.93E-06 4.54E-08 Cooper

Hvorslev
Cooper

7.71E-06 1.19E-07 Hvorslev
1.41E-06 2.19E-08 2.93E-08 4.54E-10 Cooper

Hvorslev
Cooper

9.30E-06 1.44E-07 Hvorslev
P1 -8.39 mabh
P2 -8.25 mabh
P3 -18.01 mabh

low Model

2007.12.28 INF FL PSR
2007.12.29 PW1 PW2 SW1 PW3 SW2 DEF

265mabh

19 12 28 19 12 29

Test Name ondition

12 28 9:42

PW1

PW2

SW1

PW3

SW2
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No.2

167.78 232.33mabh

Packer(s)

Test No.2

mabh mbgl

355.00 ( )

(m) 0.0825

166.25 (m) 0.0451

167.78 (m) 0.0179

232.33 (m) 64.55

233.85 (MAIN )(m
3
) 6.606E-03

200.06 (m
3
) 1.337E+00

P1 164.25 Rw (m) 1.413E-03

P2 164.25

P3 163.95

T m
2
/sec k(m/sec) S ( - ) Ss(1/m)

4.90E-08 7.59E-10 2.93E-05 4.54E-07 Cooper

Hvorslev

4.22E-07 6.54E-09 4.71E-06 7.29E-08 Cooper

Hvorslev

4.27E-08 6.61E-10 2.93E-06 4.54E-08 Cooper

Hvorslev

P1 -5.79 mabh

P2 -7.78 mabh

P3 -11.63 mabh

low Model

2007.12.30 INF FL PSR

2007.12.31 PW

2008.1.1 P1

19 12 30 20 1 2

Test Name ondition

PW

SW

PI
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No.3

263.36 277.41mabh

Packer(s)

Test No.3

mabh mbgl

355.00 ( )

(m) 0.0825

261.83 (m) 0.0451

263.36 (m) 0.0179

277.41 (m) 14.05

278.93 (MAIN )(m
3
) 6.606E-03

270.39 (m
3
) 2.797E-01

P1 259.83 Rw (m) 7.293E-04

P2 259.83

P3 259.53

T m
2
/sec k(m/sec) S ( - ) Ss(1/m)

2.17E-07 1.54E-08 7.81E-07 5.56E-08 Cooper

Hvorslev

Cooper

2.32E-06 1.65E-07 Hvorslev

5.66E-05 4.03E-06 Agarwal

2.56E-06 1.82E-07 Hvorslev

9.47E-05 6.74E-06 Agarwal

3.06E-07 2.18E-08 7.81E-07 5.56E-08 Cooper

Hvorslev

P1 -6.46 mabh

P2 -6.94 mabh

P3 -14.33 mabh

low Model

2008.1.4 INF FL PSR

2008.1.5 PW1 SW/SWS

2008.1.6 RW

2008.1.7 RWS

2008.1.8

2008.1.9 PW2 DEF

PW1

RW/RWS

PW2

SW/SWS

20 1 3 20 1 10

Test Name ondition
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No.4

233.86 247.91mabh

Double Packer(s)

Test No.4

mabh mbgl

355.00 ( )

(m) 0.0825

232.33 (m) 0.0451

233.86 (m) 0.0179

247.91 (m) 14.05

249.43 (MAIN )(m
3
) 6.606E-03

240.89 (m
3
) 2.797E-01

P1 230.33 Rw (m) 7.293E-04

P2 230.33

P3 230.03

INF FL-PSR PW-SW/SWS-RW/RWS PI DEF

T m
2
/sec k(m/sec) S ( - ) Ss(1/m)

1.34E-07 9.51E-09 7.81E-07 5.56E-08 Cooper

Hvorslev

Cooper

1.12E-06 8.00E-08 Hvorslev

1.26E-06 9.00E-08 4.12E-05 2.94E-06 Agarwal

2.47E-06 1.76E-07 2.71E-11 1.93E-12 Jacob

9.28E-06 6.60E-07 Agarwal

1.16E-07 8.28E-09 7.81E-08 5.56E-09 Cooper

Hvorslev

P1 -7.93 mabh

P2 -6.72 mabh

P3 -7.92 mabh PI

low Model

2008.1.10 INF FL PSR

2008.1.11 PW SW/SWS

2008.1.12 13 RW

2008.1.14 RWS

2008.1.15 RWS

2008.1.16 PI DEF

PW1

RW/RWS

PI

SW/SWS

244.5mabh

20 1 10 20 1 17

Test Name ondition
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No.5

444.00 508.55mabh

Double Packer(s)

Test No.5
mabh mbgl

520.59 ( )
5.31 (m) 0.0825

442.47 (m) 0.0451
444.00 (m) 0.0179
508.55 (m) 64.55
510.07 (MAIN )(m3) 6.606E-03
476.28 (m3) 1.337E+00

P1 440.47 Rw (m) 1.396E-03
P2 440.47
P3 440.17

  INF FL PSR PW1 PW2 SW/SWS PI DEF

T m2/sec k(m/sec) S ( - ) Ss(1/m)
7.24E-08 1.12E-09 2.86E-06 4.44E-08 Cooper

Hvorslev
1.15E-07 1.78E-09 2.86E-06 4.44E-08 Cooper

Hvorslev
Cooper

4.90E-07 7.59E-09 Hvorslev
1.11E-06 1.71E-08 Agarwal
2.19E-07 3.39E-09 2.86E-07 4.44E-09 Cooper
2.73E-07 4.22E-09 Hvorslev

P1 -9.86 mabh
P2 -9.90 mabh
P3 -17.80 mabh

low Model

08/2/9
08/2/10 INF/FL-PSR
08/2/11 PSR-PW1-PW2-SW/SWS
08/2/12 PI-DEF-No.6

470mabh

20 2 9 20 2 12

Test Name ondition

PW1

PI

SW/SWS

PW2
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No.6

379.45 444.00mabh

Double Packer(s)

Test No.6
mabh mbgl

520.59 ( )
(m) 0.0825

377.92 (m) 0.0451
379.45 (m) 0.0179
444.00 (m) 64.55
445.52 (MAIN )(m3) 6.606E-03
411.73 (m3) 1.337E+00

P1 375.92 Rw (m) 1.396E-03
P2 375.92
P3 375.62

  INF FL PSR PW1 PW2 PI DEF

T m2/sec k(m/sec) S ( - ) Ss(1/m)
(1.78E-08) (2.75E-10) (2.86E-05) (4.44E-07) Cooper

Hvorslev
(6.60E-09) (1.02E-10) (1.43E-04) (2.22E-06) Cooper

Hvorslev
6.91E-10 1.07E-11 1.43E-03 2.22E-05 Cooper
2.56E-10 3.96E-12 Hvorslev

PW1 PW2

P1 -10.08 mabh
P2 -15.96 mabh
P3 -15.82 mabh DEF

low Model

08/2/12 INF/FL-PSR
08/2/13 PW1
08/2/14 PW2-PI
08/2/15 DEF-No.7

20 2 12 20 2 15

Test Name ondition

PW1

PI

PW2
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No.7

314.90 379.45mabh

Double Packer(s)

Test No.7
mabh mbgl

520.59 ( )
(m) 0.0825

313.37 (m) 0.0451
314.90 (m) 0.0179
379.45 (m) 64.55
380.97 (MAIN )(m3) 6.606E-03
347.18 (m3) 1.337E+00

P1 311.37 Rw (m) 1.396E-03
P2 311.37
P3 311.07

  INF FL PSR PW1 SW PW2 DEF

T m2/sec k(m/sec) S ( - ) Ss(1/m)
1.38E-06 2.14E-08 Cooper
7.22E-07 1.12E-08 Hvorslev

Cooper
3.10E-06 4.80E-08 Hvorslev
2.04E-06 3.16E-08 Cooper
8.97E-07 1.39E-08 Hvorslev

P1 -11.11 mabh
P2 -8.60 mabh
P3 -12.38 mabh DEF

low Model

08/2/15 No.6 INF/FL-PSR
08/2/16 PW1-SW-PW2-DEF
08/2/17

20 2 15 20 2 17

Test Name ondition

PW1

SW

PW2
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No.8

461.00 476.05mabh

Double Packer(s)

Test No.8
mabh mbgl

520.59 ( )
(m) 0.0825

459.47 (m) 0.0451
461.00 (m) 0.0179
476.05 (m) 15.05
477.57 (MAIN )(m3) 6.606E-03
468.53 (m3) 3.007E-01

P1 457.47 Rw (m) 7.163E-04
P2 457.47
P3 457.17

  INF FL PSR PW1 SW SW/SWS PW2 DEF

T m2/sec k(m/sec) S ( - ) Ss(1/m)
1.20E-07 7.99E-09 7.54E-08 5.01E-09 Cooper

Hvorslev
Cooper

5.52E-07 3.67E-08 Hvorslev

Cooper
4.44E-07 2.95E-08 Hvorslev
2.77E-06 1.84E-07 - - Agarwal
1.70E-07 1.13E-08 7.54E-08 5.01E-09 Cooper

Hvorslev
P1 -13.64 mabh
P2 -9.50 mabh
P3 -24.08 mabh DEF

low Model

08/2/18
08/2/19 INF FL PSR
08/2/20 PW1 SW SW/SWS PW2 DEF

PW1

PW2

SW

SW/SWS

20 2 18 20 2 20

Test Name ondition
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No.9

394.00 409.05mabh

Double Packer(s)

Test No.9
mabh mbgl

520.59 ( )
(m) 0.0825

392.47 (m) 0.0451
394.00 (m) 0.0179
409.05 (m) 15.05
410.57 (MAIN )(m3) 6.606E-03
401.53 (m3) 3.007E-01

P1 390.47 Rw (m) 7.163E-04
P2 390.47
P3 390.17

  INF FL PSR PW PI DEF

T m2/sec k(m/sec) S ( - ) Ss(1/m)
2.46E-10 1.63E-11 3.77E-04 2.50E-05 Cooper

Hvorslev
6.03E-11 4.01E-12 3.77E-04 2.50E-05 Cooper
1.81E-10 1.20E-11 Hvorslev

P1 -8.51 mabh
P2 -16.47 mabh
P3 -19.55 mabh PI

low Model

08/2/21 INF FL PSR
08/2/22 PW
08/2/23 PI DEF

PW1

PI

20 2 21 20 2 23

Test Name ondition
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No.10

355.80 370.85mabh

Double Packer(s)

Test No.10
mabh mbgl

520.59 ( )
(m) 0.0825

354.27 (m) 0.0451
355.80 (m) 0.0179
370.85 (m) 15.05
372.37 (MAIN )(m3) 6.606E-03
363.33 (m3) 3.007E-01

P1 352.27 Rw (m) 7.163E-04
P2 352.27
P3 351.97

  INF FL PSR PW1 SW/SWS RW/RWS PW2 DEF

T m2/sec k(m/sec) S ( - ) Ss(1/m)
9.55E-07 6.35E-08 7.54E-13 5.01E-14 Cooper
3.73E-07 2.48E-08 Hvorslev

Cooper
1.29E-06 8.57E-08 Hvorslev
5.36E-05 3.56E-06 Agarwal
2.10E-05 1.40E-06 - - Jacob
1.17E-06 7.77E-08 Hvorslev
5.51E-05 3.66E-06 - - Agarwal
5.63E-07 3.74E-08 7.54E-09 5.01E-10 Cooper
3.63E-07 2.42E-08 Hvorslev

P1 -8.30 mabh
P2 -8.12 mabh
P3 -10.73 mabh DEF

low Model

08/2/24 No.9 INF FL PSR
08/2/25 PW1 SW/SWS PC
08/2/26 RW
08/2/27 RW (WS) RWS
08/2/28 PW2 DEF No.11

PW1

PW2

SW/SWS

RW/RWS

20 2 24 20 2 28

Test Name ondition
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No.11

318.00 333.05mabh

Double Packer(s)

Test No.11
mabh mbgl

520.59 ( )
(m) 0.0825

316.47 (m) 0.0451
318.00 (m) 0.0179
333.05 (m) 15.05
334.57 (MAIN )(m3) 6.606E-03
325.53 (m3) 3.007E-01

P1 314.47 Rw (m) 7.163E-04
P2 314.47
P3 314.17

  INF FL PSR PW1 SW/SWS PW2 DEF

T m2/sec k(m/sec) S ( - ) Ss(1/m)
2.46E-07 1.63E-08 7.54E-12 5.01E-13 Cooper
1.30E-07 8.64E-09 Hvorslev

Cooper
3.13E-07 2.08E-08 Hvorslev
4.18E-07 2.78E-08 9.20E-07 6.12E-08 Agarwal

Cooper
3.04E-07 2.02E-08 Hvorslev

P1 -7.42 mabh
P2 -7.89 mabh
P3 -10.31 mabh PW2

low Model

08/2/28 No.10 INF FL PSR
08/2/29 PW1 SW/SWS
08/3/1 PW2 DEF 3.5

20 2 28 20 3 1

Test Name ondition

PW1

PW2

SW/SWS
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No.12

486.00 501.05mabh

Double Packer(s)

Test No.12
mabh mbgl

520.59 ( )
(m) 0.0825

484.47 (m)
486.00 (m) 0.0179
501.05 (m) 15.05
502.57 (MAIN )(m3) 6.606E-03
493.53 (m3) 3.007E-01

P1 482.47 Rw (m) 7.163E-04
P2 482.47
P3 482.17

  INF FL PSR PW PI DEF

T m2/sec k(m/sec) S ( - ) Ss(1/m)
Cooper

Hvorslev
Cooper

1.63E-10 1.09E-11 Hvorslev

P1 -13.00 mabh
P2 -16.56 mabh
P3 -15.62 mabh PI

low Model

08/3/11
08/3/12 INF/FL PSR
08/3/13 PSR PW
08/3/14 PI DEF No.13

PW

PI

20 3 11 20 3 14

Test Name ondition
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No.13

338.00 353.05mabh

Double Packer(s)

Test No.13
mabh mbgl

520.59 ( )
(m) 0.0825

336.47 (m)
338.00 (m) 0.0179
353.05 (m) 15.05
354.57 (MAIN )(m3) 6.606E-03
345.53 (m3) 3.007E-01

P1 334.47 Rw (m) 7.163E-04
P2 334.47
P3 334.17

  INF FL PSR PW1 PW2 DEF

T m2/sec k(m/sec) S ( - ) Ss(1/m)
4.27E-10 2.84E-11 1.51E-05 1.00E-06 Cooper

Hvorslev
4.57E-10 3.04E-11 1.51E-05 1.00E-06 Cooper

Hvorslev

P1 -7.98 mabh
P2 -9.91 mabh
P3 -11.51 mabh PW2

low Model

08/3/14 No.12 INF FL PSR
08/3/15 PW1
08/3/16 PW2 DEF No.14

20 3 14 20 3 16

Test Name ondition

PW1

PW2
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No.14

275.00 290.05mabh

Double Packer(s)

Test No.14
mabh mbgl

520.59 ( )
(m) 0.0825

273.47 (m)
275.00 (m) 0.0179
290.05 (m) 15.05
291.57 (MAIN )(m3) 6.606E-03
282.53 (m3) 3.007E-01

P1 271.47 Rw (m) 7.163E-04
P2 271.47
P3 271.17

  INF FL PSR PW1 SW SW/SWS PW2 DEF

T m2/sec k(m/sec) S ( - ) Ss(1/m)
Cooper

4.14E-07 2.75E-08 Hvorslev
Cooper

4.59E-06 3.05E-07 Hvorslev
Cooper

2.74E-06 1.82E-07 Hvorslev
3.53E-05 2.35E-06 Agarwal

Cooper
4.39E-07 2.91E-08 Hvorslev

P1 -6.54 mabh
P2 -7.86 mabh
P3 -11.76 mabh PW2

low Model

08/3/16 No.13 INF/FL PSR
08/3/17 PW1 SW SW/SWS PW2 DEF
08/3/18

2008/3/19 21

PW1

PW2

SW/SWS

SW

20 3 16 20 3 18

Test Name ondition
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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



この印刷物は再生紙を使用しています




