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The Horonobe Underground Research Laboratory (URL) Project is being pursued 

by the Japan Atomic Energy Agency (JAEA) to enhance the reliability of relevant 
disposal technologies for geological disposal of High-level Radioactive Waste through 
investigations of the deep geological environment within the host sedimentary rock 
at Horonobe Town in Hokkaido, north Japan. 

The investigations will be conducted in three phases, namely “Phase 1: Surface-
based investigations”, “Phase 2: Construction phase” (investigations during 
construction of the underground facilities) and “Phase 3: Operation phase” (research 
in the underground facilities).  

According to the research plan described in the 3rd Mid- and Long- term Plan of 
JAEA, “Near-field performance study”, “Demonstration of repository design option”, 
and “Verification of crustal-movement buffering capacity of sedimentary rocks” are 
important issues of the Horonobe URL Project, and schedule of future research and 
backfill plans of the project will be decided by the end of 2019 Fiscal Year. 

The present report summarizes the research and development activities of these 3 
important issues carried out during 3rd Medium to Long-term Research Phase. 
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10),11) 1.2 Mg/m3

0.1 MPa  4.1.1.2-4 12)  

4.1.1.2-1
 4.1.1.2-5

50 % 2 mm 20 mm 80 wt%
2.481 Mg/m3

1.369 Mg/m3

 4.1.1.2-6
 

4.1.1.2-1  
 

Mg/m3 wt% Mg/m3

Mg/m3  
60 wt%

40 wt% 1.2 Mg/m3  
13)

14),15) 30 %
1Ec 130 mm

400 kg 70 Hz 45 kN
12

1.201 Mg/m3

1.28 Mg/m3

27 % 137 kN/m2  
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1.2 Mg/m3

1.4 Mg/m3 16),17)  
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2)  

 4.1.1.2-4 18)

2012
1.85

 4.1.1.2-7
7)  4.1.1.2-8

 
 4.1.1.2-9  4.1.1.2-10

2 m
1 m

1 2
 4.1.1.2-11

A
8)

2 24
1

 
 

W/B 
(%) 

s/a 
(%) 

 (kg/m3) 

W HFSC424 Ex S G SP LPC SF FA 
32.5 47.9 165 195 98 195 20 760 837 B 1.575 % 

    (g/cm3) 
 LPC T  3.22 

 FA H II  2.32 
 SF E  2.22 

 Ex T LR 3.05 
 S  2.65 
 G  2.70 

AE  SP B   
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Step 1   

Step 2 25  1 m  
2  
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(4)  
1)  

 
 

2)  

1.85
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(1)  

19),20)

21)  
TIG Tungsten Inter Gas MAG Metal Active Gas

20)

21)  

21)  
 
(2)  

15),22)  4.1.1.3-1
 

 
1)  

4.1.1.1
: 70:30 wt% 1.6 Mg/m3

V1
3 5 1:1  4.1.1.3-2

1 8 8 9 8
1  

1.6 Mg/m3 1.8 Mg/m3

 
(i)  

V1
10.5 %

 
(ii)  

1.8 Mg/m3

299 kg 368 kg
+13 kg 312 kg +9 kg

377 kg 1.853 Mg/m3

+7 kg 306 kg
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2000 t 350 mm
300 t

510 t 800 t  4.1.1.3-3  
(iii)  

1 4  
4.1.1.3-3  

2 1)

 4.1.1.3-1

1.8 Mg/m3±0.1 
Mg/m3 299 kg±16 kg 368 kg±20 kg

 4.1.1.3-2  

1

 

2)  
4.1.1.1

0.5 MPa
350 m

50 mm
5.7 t

15)  
JIS G 3202 SFVC1
JIS G 0306 JIS Z 2241

 4.1.1.3-3  4.1.1.3-4
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600
 4.1.1.3-4 (d)  

1350 mm
13 kW 2

 
7  
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 4.1.1.3-1  
 

     

 JIS A 1203
 10.5 % 10.5 % - 

 

JBAS-107-91

 70 wt% 70 wt% - 

 
     

 
 

1/8 299 kg/  
368 kg/  

1/8 299 kg±16 kg 
368 kg±20 kg 1  

  

300 t  
10 MPa

 

350 mm

 

1  

  20   1  

 
     

  350 mm ±5 mm 1  

 
 

1/8 299 kg/  
368 kg/   1  

 
 

 
 

1 /  
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  JIS G 3202 SFVC1 
 

 
3S  

  N:875 ±25  
   

   
  JIS G 3202 SFVC1 

JIS G 0587 1  
 

   

(3)  
1)  

 4.1.1.3-1
 4.1.1.3-5

4  4.1.1.3-4  4.1.1.3-5
350 mm±5 mm

10.5 %
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1.839 Mg/m3 1.8 Mg/m3±0.1 Mg/m3

 
500 

mm
 4.1.1.3-6

-0.08 MPa -0.1 MPa 1500 kg
23)

pH

 4.1.1.3-7

400 kg 800 kg 2
 

 
2)  

JIS G 0553
 4.1.1.3-8

 4.1.1.3-9

0.8 wt% 900 

 
205 N/mm2

410 N/mm2 560 N/mm2 21 % 38 %
5.7 t 4

 
4.1.1.3-10  
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ID 
 (kg) 

 
(t) 

 
 

(MPa) 
 

(min) 

 (mm) 
  

(kg)     r 

1/8-001 312 800 18.4 20 351 351 351 350 702.2 311.5 

1/8-021 312 850 19.5 20 351 351 350 350 702.0 311.5 

1/8-041 306 710 16.3 20 351 351 351 351 701.6 305.5 

1/8-061 306 700 16.1 20 351 351 350 301 702.0 305.0 

1/8-081 306 600 13.8 20 350 350 351 351 701.4 306.0 

1/8-101 306 580 13.3 20 350 350 350 350 701.4 305.0 

1/8-121 306 500 12.6 20 350 350 350 350 701.4 305.5 
 299+13 or 7 300 10 20 350 5 700 299 16 

ID 
 (kg) 

 
(t) 

 
 

(MPa) 
 

(min) 

 (mm) 
 

(kg)     R 

S-001 377 800 14.9 20 351 351 351 351 822 376.0 

S-002 377 800 14.9 20 351 351 351 351 822 376.5 

S-003 377 700 13.1 20 351 351 351 351 821 376.0 

S-004 377 800 14.9 20 351 351 351 351 822 376.0 

S-005 377 720 13.4 20 351 351 350 350 821 376.5 

S-006 377 700 13.1 20 351 351 350 350 821 377.0 

S-007 377 710 13.2 20 351 351 350 350 821 376.5 
 368+9 300 10 20 350 5 820 368 20 
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(4)  
1)  

 4.1.1.3-1
 

 

1 8 9
 

 
2)  
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(1)  
2 1)

2

10),24) SKB

25)  

26)

AECL
27),28)  

 
(2)  

15),22)

22)  
 

1)  
4.1.1.2

URL 330 m 340 m
20 mm
40 wt%

V1  
29) 33.4 %

1.292 Mg/m3 1.2 Mg/m3

 
(i)  

V1

1.2 Mg/m3

33 % 39 % 36 %
 

(ii)  

 4.1.1.4-1 4 15
22 37
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100 mm

1 15
 4.1.1.4-2

65 mm  
2

JIS A 1214
18 24

RI Radio Isotope QTM
 

300 mm×300 mm×100 mm 30 % 1.4 Mg/m3 10)

 
(i)  

V1

30 % 2 % 32 %
 

(ii)  

30 %
90 % 1.389 Mg/m3 16.25 kg

7.1 MPa 30 mm/s 40  4.1.1.4-3  
(iii)  

 
2

 4.1.1.4-1

16.38 kg 1 % 16.38 kg±0.16 kg
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25 24

 4.1.1.4-4

 
 
2)  

20 25 
7)

 

Highly Flyash 
contained Silicafume Cement HFSC HFSC

29)HFSC424
=40:20:40 wt% LPC

350 m 350 m
4

28  4.1.1.4-5

URL

 4.1.1.4-2
28 9 1

13 25
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 JIS A 1203
  - % 03 % 03

 

JBAS-107-91

 40 % 40 % - 

 
     

 
 

16.38 kg 16.38 kg±0.16 kg 
±1 %  1  

  7.1 MPa  1  

  30 mm/s  1  

  40  ±2  1  

 
     

 
 

300 mm×300 mm 
×100 mm ±2 mm 2 /  

 
 

16.38 kg 16.38 kg±0.16 kg 
±1 %  2 /  

 
 

-  

 

1 /  
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 JIS A 1150 650 mm±50 mm 28 9  
 JIS A 1128 4.5 %±1.5 % 28 9  

  20  28 9  
  

    

 JIS A 1108 50 N/mm2( 91 ) 1 13 25
 

(3)  
1)  

RI QTM
 4.1.1.4-6 10)

1.2 Mg/m3

RI
QTM RI

1.2 Mg/m3 1.3 Mg/m3

1.2 Mg/m3

39 % 39 %
1.4 Mg/m3

65 mm

 
RI QTM

RI QTM QTM
RI

1.2 Mg/m3

 
 4.1.1.4-1

 4.1.1.4-3
16.25 kg  4.1.1.4-1

16.38 kg±0.16 kg

639
2 4  4.1.1.4-4
300.8 mm 300.8 mm 100 mm

16.230 kg
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1 %
 

 
2)  

 4.1.1.4-5

7 28 91
50 N/mm2 91  

11 4 
5 20 

12.7 16.2 
 

7)  4.1.1.4-7
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ID 
 

(MPa) (mm/s) 
 (s) 

 (kg)  (kg) 

0001-1 16.25 -0.13 7.1 30 40 

0100-1 16.25 -0.13 7.1 30 40 

1000-2 16.25 -0.13 7.1 30 40 

2000-1 16.25 -0.13 7.1 30 40 

5000-1 16.25 -0.13 7.1 30 40 

8000-2 16.25 -0.13 7.1 30 40 

8700-2 16.25 -0.13 7.1 30 40 

 

ID 
 (mm)  (mm)  (mm)  

(kg) 1 2  1 2  1 2 3 4  

0001-1 301.11 300.91 301.0 301.09 301.4 301.1 101.10 100.80 100.69 133.39 100.7 16.230 

1279-2 300.99 301.03 301.0 300.99 300.99 301.0 100.77 100.70 100.60 100.62 100.7 16.230 

2716-1 300.80 300.83 300.8 300.79 300.72 300.8 99.70 99.68 99.80 99.60 99.7 16.230 

4320-1 300.77 300.78 300.8 300.75 300.76 300.8 99.86 99.78 99.76 99.79 99.8 16.235 

6071-2 300.69 300.70 300.7 300.71 300.70 300.7 100.20 100.10 100.00 100.08 100.1 16.240 

7400-1 300.81 300.80 300.8 300.82 300.79 300.8 99.80 99.83 99.80 99.82 99.8 16.235 

8338-2 300.82 300.78 300.8 300.92 300.79 300.9 100.13 99.91 99.69 99.61 99.8 16.235 

8700-2 300.98 300.96 301.0 300.89 300.95 300.9 100.07 100.06 99.70 100.11 100.0 16.230 

639  300.8  300.8  100.0 16.230 

 

 
 

(mm) 

 

(%) 

 

( ) 

 

(kg/m3) 

1 630×640 5.0 14.0 0.015 

5 635×620 4.9 11.9 - 

8 675×675 4.1 11.8 - 

11 655×670 5.0 10.5 - 

13 685×685 5.6 9.8 0.013 

16 620×600 5.5 10.5 - 

22 625×625 5.1 13.4 - 

25 600×600 5.1 14.0 0.009 

28 625×620 5.5 13.5 - 

 650 50 4.5 1.5 20 0.3 
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(4)  
1)  

RI QTM

1.2 Mg/m3

RI
 

 4.1.1.4-1

 

 
 
2)  
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1
THMC  4.1.1.5-1

 

(1)  

THMC

19),30),31)

THMC COUPLYS32) THM
THAMES33)

34),35),36),37),38),39),40),41),42)

DECOVALEX 43),44)  
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(2)  

 4.1.1.5-1

THMC
COUPLYS COUPLYS THM THAMES

THAMES
THM

Code-Bright45),46),47)

THM   
 

(3)  
1)  

THMC 13
 4.1.1.5-1 48),49),50)

37),51),52),53),54) pH

55),56),57),58),59)

SKB

 
 

      

 

 13 31 10 

84  16   
 6   
   8 

 22   22 
 6   6 

 9   9 

FDR-V  
  15  15 

 12   12 
 6   6 

pH  9   9 
 9   9 

 12   12 
 262   262 
 2  2 
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 4.1.1.5-2

100 TEOP001
20 mm

 
 

 
 

 4.1.1.5-3

3
5
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34)

FDR-V  4.1.1.5-4

9 2
1500

 
 4.1.1.5-5

 
 4.1.1.5-6

2015 1 16

THMC
 

 4.1.1.5-7 FDR-V  4.1.1.5-8
FDR-V
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 4.1.1.5-9  4.1.1.5-10

 
 4.1.1.5-11

200
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 4.1.1.5-12 pH pH pH

pH pH
pH

pH

pH
pH

 

 
 

 

 
2) 60) 
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61),62),63),64),65)  

 
30 50 40 % 70 %

100 %

 
NUMO

66) TRU 267)

68)

2 21)

 4.1.1.5-13
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MCNP5 MCNP

MCNP5  
 4.1.1.5-14

30 50 50 %
 4.1.1.5-14 30

40 % 5 cm 52.3 Gy/year
65 cm 0.0766 Gy/year 100 
Gy/year

69),70),71)

 4.1.1.5-2
69)

71) CCD 70)

1 kGy 1 kGy
52.3 Gy/year

CCD
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Cell  SUS316  
Cell   6 MGy 

  1 kGy 
 PVC 0.1 MGy 

 

Filter Filter Housing   
O  NBR 10 kGy 

Bulkhead Seal  1 MGy 
Waterproof Epoxy  1 MGy 

  1 kGy 

 PVC 0.1 MGy 

 

 
 0.1 MGy 

  
 10 kGy 

   
  1 kGy 

 PVC  0.1 MGy 

 

 SUS303  
 IC  1 kGy 

  2 kGy 
  0.1 MGy 

 

 SUS316  
  1 MGy 

 
O   10 kGy 

  1 kGy 

pH  

   
  0.1 MGy 

  
  

 PVC PEEK
 0.1 MGy 

 
  1 kGy 

 SUS  
 PVC  0.1 MGy 

 
 

 SUS
  

 PVC  0.1 MGy 

   
  

  2 kGy 

   
  

  2 kGy 

3) THM/THMC THAMES/COUPLYS  
COUPLYS THM THAMES Dtransu72)

PHREEQE73) 3 THMC
COUPLYS

55),56)

THC  4.1.1.5-15 1000
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pH NaZ  4.1.1.5-16
20

1000
5 17 pH

pH 1000 10
7 8 NaZ

5

100

57)

58) COUPLYS
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COUPLYS THAMES

57)

58)

59)  4.1.1.5-17  4.1.1.5-3
 4.1.1.5-18 1 2

1.6 Mg/m3 3
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3  
4.1.1.5-18(d) 1 2
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4) THM 74) 

THM
 

4.1.1.5-19  
 4.1.1.5-20

 
 4.1.1.5-20(a) 5 TE010 TE011

TE012

 4.1.1.5-20(b) 5 PS006
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800 0.9
400 PS006

 4.1.1.5-20(c) 5 TP011

 4.1.1.5-21
3) THM/THMC

THAMES/COUPLYS
 4.1.1.5-22 FDR-V FD006

500
500

 4.1.1.5-23 1200
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5) THM 75) 

4) THAMES THM

THM

THM

CODE_BRIGHT

 4.1.1.5-24  4.1.1.5-25

JAEA-Research 2019-013
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(4)  
1)  

pH

 
 
2)  

 
 
3) THM/THMC THAMES/COUPLYS  

COUPLYS
 

THAMES

THM COUPLYS
THMC

 
 

4) THM  
THM

THMC

 
 
5) THM  

THM
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(1)  
1)  

1)

2)

3)

4)

 

2)  
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5) SFVC1 C:0.25 % Si:0.23 %

Mn:0.95 % P:0.014 % S:0.004 % 100 mm
5) 70 wt%

30 wt% 1.6 Mg/m3

300 mm 100 mm 12
 4.1.2.1-1  

 

       

 
 

 4.1.2.1-2 350 m
3.5 MPa

1 MPa 100 mL/min
1200

 
 

JAEA-Research 2019-013



 

 
 

(a)  
 4.1.2.1-3

3  

 

 
(b)  

EDX XRD
 4.1.2.1-4  
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 4.1.2.1-1 FeCO3

-FeOOH -FeOOH Fe3O4
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(c)

 
4.1.2.1-2 12

/

1 5 9
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m  

 0 80  90 170  180 260  270 350  

 4.1 3.6 4.1 3.8 
 2.7 2.5 2.4 2.8 
 7.8 4.5 5.2 12.6 

m  

 0 80  90 170  180 260  270 350  

 12.9 10.4 10.8 12.5 
 11.3 10.4 14.7 11.1 
 88.9 31.7 30.0 88.1 

/  

 0 80  90 170  180 260  270 350  

 3.2 2.9 2.6 3.3 
 4.2 4.2 6.2 4.0 
 11.3 7.0 5.7 7.0 

 
(d)  

1) 2 13 m
100  4.1.2.1-2

 4.1.2.1-2
Taniguchi et al.1)

5.51 m2

30 12 8.81×10-3 m2

88.9 88.1 72.0 58.4 49.9 36.9 31.7 30.0 23.6 23.6 16.5 15.2 m
Gumbel 0.99

0.255 mm  
 

F(x) exp[-exp{-(x- )/ }] 4.1.2.1-1  
F(x) x  

 
 

Pmax(mm) Xm(mm)
1)  

 
Pmax Xm+7.5Xm0.5 4.1.2.1-2  
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7.53×10-3 mm Pmax 2.13 mm

 
 
3)  

 
 
(2)  
1)  

6)

 
 
2)  

 

 
 

 
pH

 4.1.2.1-3 K

pH pH

 
pH  4.1.2.1-5

7) pH
 

 4.1.2.1-6

2
URL

/ ASTM Grade2
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8)  
12  4.1.2.1-4

1 12 1 2 5 6 9 10
0°

20 mm pH
50 mm 6 90° 20 mm 80 mm

 
 

   
 K   
  Wescor PST-55 

pH pH  pH Ocean Optics Inc.  
   

   
 

 1  2  5  6  9  10  
 45  

225  
 135  

315  
 45  

225  
 

 135  
315  

 45  
225  

 135  
315  

 

pH  270   78.75  
90 *1 

90 *2 

 112.5  
292.5  

  0  
180  

 0  
180  

 0  
180  

  45  
135  
225  
315  

 45  
135  
225  
315  

 45  
135  
225  
315  

*1 20mm  
*2 80mm  
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(a)  

 4.1.2.1-7
95 

15 20 1
5 9 1200 9

 
K

 
 

 

 
(b)  

6
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(c) pH 
pH  4.1.2.1-8 2 100

500 8.5 9 2
6 10 100 6 10

1000 8

pH 11 pH
pH pH 9) 8 9
pH

 
 

 

 
(d)  

EPt vs. SHE  4.1.2.1-9

(c)pH
pH pH

pH RHE
 4.1.2.1-10
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(e)  

1 m Ag/AgCl KCl

10 mV 1 mHz 100 kHz 1 2
1

1 mHz Rp
400 0.1 mHz

100 kHz  
Ecorr 6  4.1.2.1-11 80

40 40
80 -0.58 -0.61 V vs. Ag/AgCl

130  
6  4.1.2.1-12

80
Rp CPE(Constant Phase Element) Rs

Z  
 

Z=Rs + [Rp/ 1+(j RpT)p ], : , j2=-1 4.1.2.1-3  
 

 4.1.2.1-12
Rs Rp  4.1.2.1-13 Rs 10
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20 cm2 Rp

20 mV10)

80 4 40 k cm2 6 60 m/y 300
Rp 50 200 k cm2 1 5 m/y

60 m/y
2) 300

m/y 11)

400 0.1 mHz
Rp
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3)  

pH
K

pH

10 m/y m/y

 

(1)  

12)

cm mm

1 m 70 cm
 

JAEA-Research 2019-013



 
 
1)  

190 mm TIG
Tungsten Inter Gas MAG Metal Active Gas EB Electron Beam

12)

4.1.2.1

12) cm cm ASTM 
D1141 2.5 mM NaCl-2.5 M NaHCO3

12)  
 
2)  

ASTM A105 150 
mm 110 120 mm 100 mm

C:0.184 % Si:0.18 % Mn:0.95 % P:0.016 % S:0.006 % Cr:0.06 %
Ni:0.09 % SFVC1

40 mm TIG 2
 4.1.2.2-1  

 

 

 
 4.1.2.2-2

 
 

JAEA-Research 2019-013



 

 
1150 mm No.2 No.13

 
4.1.2.1  4.1.2.2-3

300 mm 100 mm
1 110 mm 12 110 mm

120 mm

H  
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5 EDZ
550 mm 1.5 m  4.1.2.2-4

L/min  
 

 

 

80 

 4.1.2.2-5  
 

  

 
3)  

990 13

 4.1.2.2-6
2 7

12 1.3 Mg/m3

 
4.1.2.2-7  
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 4.1.2.2-8

 4.1.2.2-9
4 10 40

dave dmax / dmax/dave

/
990 20 50μm 32μm

w1 w2 m1 m2
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 4.1.2.2-8  
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R  4.1.2.2-10
 

 

 

 
R 2 12

3D  
4.1.2.2-11  

3

R

R 5 mm
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  m  

 

R  

R  
 

1 -189 
2 -135 
3 -40 

 -121 

 
 

2  

1 -53 
2 -21 
3 -16 

 -30 

 
 

12  

1 -90 
2 -87 
3 -2 

 -60 
 -70 

 
 4.1.2.2-9

12)  
 

(2)  
(1)

 

 
 
1)  

4.1.2.1
5

 
 
2)  

 4.1.2.2-1
 4.1.2.2-3
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EIS  
 

 
1 12  

  1  
7  

  2 2 12  

  1 7  

ACM   
 

4 2 7 11  
11  

  3  

  3 7  

  
 

 

3 6 7 8  

pH ORP pH ORP 1  
 

30 %
0.45 Mg/m3 0.6 Mg/m3

 
 
3)  

EIS  
4.1.2.1

12 1
4.1.2.1  

Rp
3 2

2  4.1.2.2-12
Rp-1  
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±

 

 4.1.2.2-13 R
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 4.1.2.2-14
R p1 2

12 p2 p3  
p2 p3

3

p1 150
p1 3

3
3

 
p1 p2 p3

p2 p3
p1

p2 p3
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m/y
 

3 R
 4.1.2.2-15

400 2 m/y
16 m (1)

20 50 m R 40 191 m
121 m

1  
 

 

 

B
 

 4.1.2.2-14  4.1.2.2-11
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3 3
 

 
 

 4.1.2.2-16  
 4.1.2.2-17 270

+0.3 V vs. Zn  
 

 

 

 

ACM  
ACM Atmospheric Corrosion Monitor

Fe Ag
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Fe Ag

 4.1.2.2-18 ACM
 

 

 

 
ACM  4.1.2.2-19

10 m/y 140
 

 

 

 
3 1  
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4.1.2.2-20
 

 
T  

3 m× 3.2 mm 16 mm  
2 m 3.1 mm×4.8 mm  + 0.8 m 

  32 mm× 8 mm 
 SUS316  SUS304   

0.3×2  
200 250  

 80 MAX 
 

 

 
R

5 mm

 4.1.2.2-21 FEP

1.65 mm×2.8 mm
 

 
T  

4 m 1.65 mm×2.8 mm  
 0.4 m 

FEP FEP 
0.65×2  

200 250  
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 4.1.2.2-22 p1 p2 p3

80 
1  

 

 

 
 

4.1.2.2-2  4.1.2.2-23  
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 50 kPa 
 2 %RO  

 1 %RO  
 0.25 mV/V 500 10-6  

 -20 80  
 -15 70  

 0.5 %RO/  
 0.1 %/  

 10 V AC DC 
 2 8 V AC DC 

 350 1 % 
 350 1 % 

 
0.5 mm2 
4 1 m 

8 mm  
 120 % 

 1 k  
 
 

 

 

10 mm 6 29 mm 7 49 mm 8  
4.1.2.2-3  4.1.2.2-24
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pH Eh  
4.1.1.1

SUS
 4.1.2.2-26 pH Eh

pH 7 700
pH

Eh -500 mV Eh 1.3.2 1.3-3
Eh

SUS
 

 

 
4)  

5
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0.45 
Mg/m3 0.6 Mg/m3 1.6 Mg/m3

1
 

300 mm 550 mm

 
 

 
4.1.2.1 12 1

SUS

 
 

 

 

pH
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1 1),2)

3),4),5),6)

EDZ
7),8),9),10),11)  4.1.3-1

12)

CH4 CO2

13)

URL
350 m
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(1)  
URL

15),16)

15),16),17)

 
 

 
 

(2)  
 4.1.3.1-1

 4.1.3.1-1
9 11

18)

CA Component 
Additivity 19 15)

 4.1.3.1-1
D-05
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(3)  
D-05 11

150 
mm

1
De

Kd

1  4.1.3.1-2(c-1) GoldSim 20)

 4.1.3.1-2

Cs Sr 1 1
 4.1.3.1-2(c-2) (c-3) 1

 
 

 

 

15),16),21)  4.1.3.1-3
3

pH
I Mo Se

Cs 3
Cs I
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Ni/Co Am/Eu

pH

HDO I Mo Cs Sr

 
 

 

 

Sr I Co

 4.1.3.1-4(a)
GoldSim  4.1.3.1-4(b) (c) Cs Sr

Sr
 4.1.3.1-3
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HDO I Cs

Ni Co Eu

 
 

 

(4)  
 

Cs Sr HDO I
 

De Kd

 

JAEA-Research 2019-013



Cs Sr  
Ni Co Eu

 

 

 

(1)  

10 m
8)

SAB-2
17)

8) 22) 23)

 

 
 

 
 

(2)  
1)  

SAB-2
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X CT
2  
 
2)  

350 m
20

 
 
3)  

350 m

HDO I Mo Cs Sr Co Eu

18)

 
4)  

380 m 2
4.3.3

I HDO Cs

 
 
(3)  
1)  

 4.1.3.2-1
 4.1.3.2-2(a)

24)  4.1.3.2-1(c)

 4.1.3.2-2(b) 8
1/2
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1/4 1/8
1/8

Cs  4.1.3.2-3 b stag. b c stag. c
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2)  

25)

1

2 3

1  4.1.3.2-4 Path1
Path2 6

0.09 0.17 m 1/7 1/5 26)

27)  4.1.3.2-5  
20

 
4.1.3.2-6  4.1.3.2-7

14)  
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3)  

 4.1.3.2-8 (a) 28) Cs
SW34 SW35 Cs

Cs  4.1.3.2-8(b) 29)

 4.1.3.2-9 1)
 4.1.3.2-10

 
4.1.3.2-11

Cs

Cs
15)  4.1.3.2-12  
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4)  
 4.1.3.2-13

20 mL/min 200 mL/min

 4.1.3.2-14

ppb

3 350 m

 4.1.3.2-1
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(m) 
 

(MPa)  
 0.421 1.179 0.01 0.03 30 90  

 1.366 0.01 0.19 40 60  
 4.5 0.15 0.45 3  
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24 2)

/

6 2)  
 
(2)  

BTV
1

 

3)

JAEA-Research 2019-013



 
3

 
 

 
 
(3)  

 
(a)  

350 m

 
 
(b)  

350 m
1 m3/h

50 m3/h 
 4.2.1.1-1 350 m S1

 4.2.1.1-2 4)  

5)  
1) 4.0 m 1D  
2)

URL +1.0 2.5 MPa
+2.0 3.3 MPa

 
3)

 
4)  
5)

3D  
7 m3/h 85 %

3) 5)
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 4.2.1.1-3 6)  
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S1
 4.2.1.1-1 2 4 S1

2 4

 4.2.1.1-4
2 4
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MI
 4.2.1.1-5 7)

MI

km  4.2.1.1-6 7)

MI
7)  

 

(c)  
350 m

 

/
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1

 
 

 
(a)  

2009 8)  
 4.2.1.1-7 250 m 9)

X3 SFX3
4.3 μm 2.99 g/cm3 C:W 1:20

1:0.8  
 4.2.1.1-7 250 m 280 m

30 m 250 m 280 
m 30 m 8 6

680,000  4.2.1.1-8
20 cm 28 cm

80  4.2.1.1-8
 

265 m 270 m 50 cm 100 cm
N45W40S 10)

11) 1.14×10-4 m/s 3.25×10-7 m/s
 4.2.1.1-8 A7

A7
A7
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(b)  
 4.2.1.1-9

10-8 10-9 m/s 4 5
 4.2.1.1-9 12)

10-8 m/s
12)

1.5 m
12)

 

10)

 

 

(c)  
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(a)  

13),14) 15),16),17)  
 4.2.1.1-10

2 pH

 

(b)  
2

60 120
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4.2.1.1-11 17)

 
 

JAEA-Research 2019-013



 

80 % S-
60 45 % 60 % Si-45 Si-60 3

 
 4.2.1.1-12

250
480

0.1 mm
18)

0.5 m 30 kPa

3 30 kPa
 

3
 4.2.1.1-13 90 100 mg/L

3  
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310 m 346 m  
4.2.1.2-4 3 310 m 318 m  4.2.1.2-4 a

2 m
318 m 332 m  4.2.1.2-4 b

1 m 332 m 346 m
 4.2.1.2-4 c

 

1.5 m 310 m
346 m  4.2.1.2-5

 

 4.2.1.2-4(b)
318 m 332 m  4.2.1.2-4(a)

310 m 318 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=60 s

h 1 h =60 min=3600 s
d 1 d=24 h=86 400 s
° 1°=( /180) rad
’ 1’=(1/60)°=( /10 800) rad
” 1”=(1/60)’=( /648 000) rad

ha 1 ha=1 hm2=104m2

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

t 1 t=103 kg

SI SI

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

ua 1 ua=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  = 0.2 g = 2×10-4kg

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

1 cal=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

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 s A
C/m2 m-2 s A
C/m2 m-2 s A
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 s A
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

, A sC
, 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=100 kPa=105Pa

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

M=1852m
b b=100fm2=(10-12cm)  =10-28m22

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

CGS SI




