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Annual Report of Department of Research Reactor and Tandem Accelerator, JFY2006 
(Operation, Utilization and Technical Development 
of JRR 3, JRR 4, NSRR and Tandem Accelerator) 

Department of Research Reactor and Tandem Accelerator 

Nuclear Science Research Institute, Tokai Research and Development Center 
Japan Atomic Energy Agency 

Tokai-mura, Naka-gun, Ibaraki-ken 

(Received September 20, 2007) 

The Department of Research Reactors and Tandem Accelerator is in charge of the operation, 
utilization and technical development of JRR-3(Japan Research Reactor 3), JRR-4(Japan 
Research Reactor 4), NSRR(Nuclear Safety Research Reactor) and Tandem Accelerator. The 
following services and technical developments were achieved in Japanese Fiscal Year 2006. 

1)JRR-3 was operated for 181 days in 7 cycles and JRR-4 for 149 days in 37 cycles to    
provide neutrons for research and development of in-house and outside users. 

2)JRR-3 and JRR-4 were utilized through deliberate coordination as follows; 
a) Neutron irradiations of 628 materials, for neutron transmutation doping of silicon etc. 
b) Capsule irradiations of 3,067 samples, for neutron activation analyses etc. 
c) Neutron beam experiments of 6,338 cases days.

3)Concerning to the 10 times increasing plan of cold neutron beams from JRR-3, a pressure 
resistant test model of the high-performance neutron moderator vessel which had been 
designed to increase cold neutrons twice as much as the present one was fabricated. 
Various developments for upgrading cold neutron guide tubes with super mirrors were in 
progress. 

4)Boron neutron capture therapy was carried out 34 times using JRR-4. Improved neutron 
collimators were built to fit well to any irregular outline for cancer around the neck. 

5)NSRR carried out 4 times of pulse irradiations of high burn-up MOX fuels and 9 times of 
un-irradiated fuels to contribute to fuel safety researches. 

6)The Tandem Accelerator was operated for 201 days to contribute to the researches of 
nuclear physics and solid state physics with high energy heavy ions. The new utilization 
program of sharing beam times with outside users was performed by carrying out 45 
days. The beam intensity increasing program with a high performance ion source, in 
place of the compact one which has been working in the high voltage terminal, has made 
great progress.  

Keywords: Research Reactor, Annual Report, Reactor Operation, JRR-3, JRR-4, NSRR 
Reactor Utilization, Radioisotopes, Heavy Ion Accelerator, Tandem, JAEA 
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2.3.2
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0.08 0.20 S/cm
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2.3.2 NSRR

(1)
18

LED

(2)
1)

20

2)
NSRR

NSRR 10

8 1
2 18

pH 5.5  7.0 6.04 6.38 

( S/cm) 0.5   0.17 0.40

pH 5.5  7.5 5.89 6.29 

( S/cm) 1.0  0.20 0.59 

S/cm 0.08 0.20
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3)
NSRR 10

8 18

4) LED
MWB NSRR

30
LED

5)

(1)
1) NSRR

2) NSRR
18 NSRR 2.3.3

NSRR
18 10

3)
NSC-81Y-365K

17 6
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2.3.3 NSRR

(2006.3.31)
23 21 5 

0 0 0 

0 0 0 

(2007.3.31)
23 21 5 

(1)

(2)
NSRR 2.3.4

41Ar 4.8 109Bq 0.01

(3)
NSRR 2.3.5
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2.3.4 NSRR

41Ar
60Co 131I 60Co

60Co

(Bq/y)
4.8×109 0 0 0         

(Bq/cm )
<9.8×10-3 <5.7×10-10 <7.6×10-9 <6.1×10-10         

(2)
    

2.3.5 NSRR

1 2 3 4

44 62 94 59 125 

mSv
0 0 0 0 0 

mSv
0.00 0.00 0.00 0.00 0.00 

mSv
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(1)
18 2 1

5 19 9 21 100 2 12 9
3 29 101 201

2.4.1 2.4.2 1

2.4.1 18
1 2

 100  101  201 
 25  20  45 
 14  13  27 
 5  6  11 
 5  6  11 
 5  1  6 
 1  0  1 
 4  2  6 

2.4.2 18 1
%

 201  55.1 
 94  25.8 
 62  17.0 
 6  1.6 
 1  0.3 
 2  0.5 

(2)
18 2.4.3 17

18.0MV 6
2.4.4 40

19 26 1H 14N 16O 22Ne 40Ar
86Kr 134,136Xe ECR

Xe
O
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H Li

2.4.3 18

17-18 MV 6 days 2.9 % 
16-17  10  4.9  
15-16  72  35.1  
14-15  50  24.4  
13-14  18  8.8  
12-13  14  6.8  
11-12  4  2.0  
10-11  5  2.4  

9-10  11  5.4  
8-9  9  4.4  
7-8  4  2.0  
6-7  2  1.0  
5-6  -

2.4.4 18
1H 28 days 31P 1 days 

6,7Li 28 32,34S 13  
11B 2 40Ar 5  

12,13C 8 58,64Ni 13  
14N 8 76Ge 4  

16,18O 32 86Kr 3  
19F 9 100Mo 1  

22Ne 5 134,136Xe 24  
27Al 3 197Au 6  

28,30Si 4  

(3)
7

2.4.5
27 18
22%

85 33% 3.3.4
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2.4.5
18O  180 MeV 4 days 

40Ar  157-181 2  
64Ni  215-290 9  
76Ge  333-390 4  
86Kr  280 3  

100Mo  360 2  
134Xe  410 3  

18 12 14 15

JAEA-Conf

(1)
18

(H18.3.27 H18.5.21) 
(180° )

180° ( )
(BMTI-1)

 (FCCB-1,IPCB-1,CPSCB-1) 
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(H18.9.22 H18.12.5) 
1.2G 0.4 G

(10GHz ECR 14.5GHz ECR
)

(IPTL-1)

(#10 )
(

)

(2) RS

1) 18 4 24 RS-1 #3 #19 RS-2 #14 #18
2) 18 9 28 RS-1 #1 RS-2 #7A #9 #11 

(3)

1) 18 6 8
2) 18 11 20
3) 19 2 13

18 11 6 11 8
  RNB

10cm

(4)
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(1) SF6

SF6 53
0.44 MPa

18

18 4
No.1

18 7
SF6 SF6

6

18 8

18 8 31

18 8
8 22

18 10
No.2

19 2

(2)

16,400 2
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1) 18 8 10
2) 19 2 2

(3)
1)

18
5,113 4,951

            2.4.6 18

2,425
2,421

  2,688 
        2,530

  5,113 
 4,951

2)
  2 258.3

9

12

(1)
18 4 5 10 11

1 10

(2)
2.4.7

70 3 60Co 137Cs 237Np
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2.4.7

60Co 137Cs 237Np 60Co 237Np

Bq/
1.9×105 1.6×105 2.0×104 0 0 0 

Bq/cm3
2.7 10-3 2.3 10-3 2.9 10-4 0 < 1.5×10-10 < 9.9×10-11
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(1) 
JRR-3

17A

17

2.5.1

(2) 

DC
( ) 1

1)
: AC200V 50Hz 3
: DC330V 
: 133mm(H)×483mm(W)×635mm(D) 

 : 87%
  2) 

 : 45
 : 0.08

:
100k

±20V
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70dB 
 : 4000
 : 0.2mA/V max 

   3) 
         : 610mm(H)×483mm(W)×310mm(D) 

   4) 
 : DC28V 

(3)

1)
                 DC+0V +10V

0 +17A
0 +10A

2) 40ms
3)
4)
5) ±

6) 1
7)
8) 168

(4)
2.5.1

50kHz

51kHz 5V
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2.5.1

(5) 

( ) ( )

( ) 6033W 842W 

29% 91.5% 

40ms 0.8ms 

 200mVp-p 50Hz  2.4Vp-p 50kHz
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(1) 
JRR-3

3

17 1 19
2

HF V
JRR-3 JRR-3

JRR-3

 (2) JRR-3
JRR-3

JRR-3

JRR-3
JRR-3 10

JRR-3
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10
1
1
1
1

Xe,Sm Xe,Sm
JRR-3

(3) 
(2) JRR-3

JRR-3

2.5.2 JRR-3

1)
JRR-3

60
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19 JRR-3

2)
1)

JRR-3

(4) JRR-3
JRR-3 JRR-3

JRR-3 JRR-3

JRR-3 JRR-3
JRR-3

JRR-3
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(1) 
JRR-3

2.5.2
2.5.3

(2) 
1)

10 1

2)

2.5.4

3)

(3) 
1)

2)

(4) 

10
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2.5.4

10
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(1) 
JRR-3

15 JRR-3

JRR-3

(2) 
JRR-3

2 1

(PS) (MS)
1 2 3

JRR-3 1 2
2

JRR-3

(3) 
JRR-3

17
2

JRR-3
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JRR-3
(4) 

JRR-3 1

(5) 
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(1) 
JRR-4 6

19

(2) 
2.5.5

JRR-4

C5

(3) 
18 3 28 6 1

19 1 25 26
19 1 26

(4) 
2.5.3

(5) 
JRR-4

JRR-4

(6) 
JRR-4 19

19 3 7 JRR-4
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No.1

2.5.3

3,500kW

2.5 1017 n m2 s

 8m3 min 

 60 

0.1MPa

 117 
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(1) 
NSRR

17

(2) 
15mm

2.5.6
18

5MHz 128

4

50mm min
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(3) 
19

20

2.5.6
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180

DA 2006

20
20 LSB 7

DA
DA MSB

LSB 18
2.5.7 4

2R 2.5.7
16 2R 18 R(1+ )

2.5.4

2.5.7

2.5.4

20 1/2 (1/2)(1- /32) (1/2)(1+ /32) -1

19 1/4 (1/4)(1-3 /32) (1/4)(1+5 /32) -3

18 1/8 (1/8)(1+21 /32) (1/8)(1-11 /32) +21

17 1/16 (1/16)(1-11 /32) (1/16)(1-11 /32) -11 

R

20 bit

R

2R 2R

19 bit 18 bit 17 bit

R

R

2R

R(1+ )

R

R

R(1+ )

2R 2R
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18 3.1×10-4 V
0V -3.1×10-4=21 /31 =-0.472×10-3

18 R =5k R=10M 2.5.8
10M DA 18 10M

2.5.8

(b) 10 M(a) 

0.9990
0.9992
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f1 201(Hz) 20(Hz)

S 1.39 1

 3.24 Sy
Sy 118 (N/mm2)
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mm
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JRR-3 6
NTD NTD NTD-Si

CZ
NTD-Si

JRR-3 6 12

JRR-3 12 2
12

30cm 36cm JRR-3
9 (1G 7G 8T 9C) 12

2 6
NTD-Si 12

JRR-3 2
MVP

12 4.3.10

4.3.10
1G 1G

12

6
12

12

2%
30Si 4.3.11

6 6
1.02 1.089
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Si (NTD-Si)

JRR-3 NTD-Si
12

JRR-4 12 NTD-Si
JRR-4 NTD-Si JRR-4 12

NTD-Si
12 NTD-Si No.1

12 60cm
4.3.12 JRR-4 12

NTD-Si MCNP-5

1) 12
O/C 1.16

2)

O/C

3) 2)

NTD-Si

-10cm
2wt% 5mm

24cm O/C 1.11
3,500kW 12

1.0 1012n/cm2 s 4.2 1011 n/cm2 s 4.3.13

30Si(n, )31Si 31P 31P 5.62 107atom/cm3

s 3,500kW 6 65% n
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250 cm 12 550kg
17 JRR-4 5 800kg

1.7

4.3.10

4.3.11

12
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(1) 
RI RI

RI

RI
RI

177Lu 6.73 
498 keV 1.8 mm

208 113 keV 177Lu 176Lu(n, )177Lu 
177Lu 176Yb(n, )177Yb 1.91 177Lu

Yb2O3

10-20 mg 177Lu Lu Yb

177Lu 1) Yb2O3

1 mg 177Lu Yb 5 mg

Ln Resin, Eichrom Technologies
Yb Lu 2) Yb

Lu Yb
GBq 177Lu

177Lu
Yb2O3 1-3 mg 177Lu Yb

(2) 
97.6% 176Yb2O3 11-12 mg JRR-3 5

JRR-4 6 176Yb2O3 174Yb 1.93%
175Yb 4.2 Yb 1.9
177Yb 1 M 0. 1 M 

Lu Yb Ln Resin 50-100 m
Eichrom Technologies 177Lu Yb 11 mm, 
150 mm 2 M, 3 M, 6 M 3 m /min

10 m 177Lu 175Yb Ge
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(3) 
JRR-3, JRR-4 177Lu 175Yb 4.4.1

4.4.1 177Lu, 175Yb

Yb2O3

mg

90

MBq     MBq/mg Yb 
177Lu 105.0 10.4 2006/11/22 JRR-3 HR-1 11.5 175Yb 120.9 12.0 
177Lu 32.8 3.4 2007/1/18 JRR-4 S 10.9 175Yb 35.3 3.7 
177Lu 43.3 4.4 2007/3/1 JRR-4 D 11.1 175Yb 50.3 5.2 

Ln resin 2 M  1000 m Yb
3 M  30 m 6 M  100 m 177Lu

Yb2O3 5 mg 20 mg 4.4.2
Yb2O3 10 20 mg JRR-3 1 × 1014 n·cm-2s-1 10
3.6 – 7.2 GBq 177Lu 4

4.4.2 177Lu 3-6 M 177Lu, Yb
Yb2O3 5.0 mg 10.32 mg 19.72 mg 

2 M HCl 1000 m  1009 m  1218 m  1014 m
175Yb Yb2O3 11.4% ( 0.6 mg ) 16.4% ( 1.7 mg ) 11.9% ( 1.2 mg ) 12.1% ( 2.4 mg )

177Lu 96.2% 96.0% 82.9% 85.1% 

5 mg Yb2 3 4.4.1 177Lu 96%
Yb2O3 11.4% Yb2O3 0.6 mg

10 mg Yb2 3 2 M HCl 5 mg Yb2 3 1000 m
177Lu 96% Yb2 3 16.4 Yb2 3 1.7 

mg 2 M HCl 1200 m 177Lu
Yb 11.9 Yb2 3 1.2 mg 177Lu 83%

20 mg Yb2O3 4.4.2 Yb
2 M HCl 177Lu 177Lu

85% Yb2 3 12 2.4 mg
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0 20 40 60 80 100 120
0

10

20

30

40

50 6 M3 M2 M HCl

Yb-175

Lu-177

E
lu

tio
n 

yi
el

d 
/ %

Fraction number

Ln Resin Yb2 3 20 mg 177Lu
Yb2 3 2.5 mg

Yb2 3  2.5 mg Lu Yb
Yb2O3 20 mg 177Lu

2.5-3 mg Yb2O3

177Lu

1) K. Hashimoto et. al., J. Radioanal. Nucl. Chem., 255, 575(2003). 
2) S. Mirzadeh et. al., US Patent 6,716,353 B1 (2004) 

4.4.1 5 mg Yb2 3 Yb Lu
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ECR TECRIS
ECR

10GHz RF ECR Nanogan

4.5.1 2 10
4.5.2 10GHz

Xe
14.5GHz ECR

14.5GHz

ECR
RF 3

4.5.3 Xe O2

O2 20+ 24+ 12
A

Xe:O2 1 51
4.5.4 RF
4 6×10-3Pa RF

4.5.5 RF
SF6

RF 200W

10GHz Nanogan

4.5.1 14.5GHz
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0.52.21321Ar

0.83.6132631Ne

1211987654q

0.52.21321Ar

0.83.6132631Ne

1211987654q

1.07.8121415Xe

0.41.11.44.75.19.39.69.3Kr

27242221201918171615141312q

1.07.8121415Xe

0.41.11.44.75.19.39.69.3Kr

27242221201918171615141312q

4.5.2
Xe 1 A 27+

1.5 10
1.5

10

4.5.1 10GHz

4.5.1 14.5GHz ECR
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 Foil Stripping results

electron stripping at 16MV
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4.5.2 10GHz

4.5.3
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10 12 14 16 18 20 22 24 26 28

0.1

1

10

4.5.5 RF

4.5.4
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CB-ECRIS
100nA Ba

ISOL (SIS-II) 520W 1500
BaO Pa

BaO

(SIS-III)
V

Ba (EI ) (SI )
520W 1500 Ba+ (

IP=5.2eV) 950nA(EI), 200nA(SI) EI
EI Ba2+ (IP=10eV) N2+ (IP=15.58eV)

EI SIS-II

800W 2000

SIS-III EI BaO
Ba CB

1994 5MV/m
4MV/m

6
30 S/cm 7MPa

2005
4.5.6

L37 L40 4 4.5.7
L40 Q -Eacc 3MV/m

X 4W 3.6MV/m
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X 4W 6.5MV/m
4.5.2 L37 L40 4W

4 4.3MV/m
5.9MV/m

4.5.6

         4.5.7 L40
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4.5.2 L37 L40 4W

2004 Low
2005 2006

4.5.8 Low 3 2 1/4
129.8MHz 6% opt=0.06

opt=0.10
4.2K

4.5.9 1
Q :8×107 4W :2.0MV/m

Q :2×108 4W :2.8MV/m
Low 2

opt=0.10

4.5.10 Low
1.23kHz/(kgf/cm2) =0.1 0.27kHz/(kgf/cm2) 4.5
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4.5.8 Low

   4.5.9

JAEA-Review　2007-040

−　��8　−



 - 169 -

   4.5.10
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(2) 

J R R - 3
J R R - 4
N S R R

J R R - 3
J R R - 4
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(1) 
18

18 4 21

1

1. JRR-3

18 4 27

2

1. JRR-4

2. JRR-4

3. JRR-3

4.T2-3

18 5 22

3

1. X-IV

7

2. JRR-3 JRR-3

3. JRR-4 JRR-4

4. NSRR NSRR

5.

6. JRR-3

18 6 1

4

1. JRR-3

RGM-78

18 6 20

5

1. JRR-3

18 7 6

6

1. JRR-3

192Ir

18 7 11

7

1. JRR-3

192Ir RG -79

18 7 27

8

1. NSRR

2. JRR-4

18 8 8

9

1. JRR-3

RGM-76H
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18 9 13

10

1. JRR-3-

VTR-132 133

2. JRR-4

3. JRR-4

18 9 20

11

1. JRR-3

2. JRR-4

3.

4.

5. NSRR

6.

7.

18 9 28

12

1.

2. JRR-3

3. JRR-4

4.

5. NSRR

6.

7. JRR-3

JRR-3

JRR-3

8. JRR-4

JRR-4

JRR-4

9. NSRR

NSRR

NSRR

NSRR

10. 

11. JRR-1

12. JRR-3

13. RI
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18 9 28

12

14. JRR-3

 JRR-3

JRR-4

 JRR-4

NSRR

 NSRR

18 10 17

13

1. JRR-3

RGM-77H VTR-134

2.

3. NSRR NSRR

JRR-3 JRR-3

JRR-4 JRR-4

18 11 30

14

1. JRR-4

18 12 14

15

1.

18 12 20

16

1.

18 12 27

17

1. JRR-3

2. JRR-4

3. NSRR

19 1 9

18

1. NSRR

2. JRR-3

19 1 16

19

1. mfSANS

19 2 6

20

1.

2. JRR-1

3.

4. JRR-3

5. JRR-3
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19 2 6

20

6. JRR-4

7. NSRR

8. JRR-3

9. JRR-4

10. NSRR

11. JRR-3

12. JRR-4

13. NSRR

14. .

19 3 19

21

1. JRR-3

2. JRR-3

VTR-136 137

3. RI RI

4. RI

19 3 23

22

1. RI RI

2. RI JRR-1

3. RI JRR-4

4. JRR-3

5. JRR-3

6. JRR-3

7. JRR-4

8. JRR-4

9. JRR-4

10. NSRR

11. NSRR
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(3) 
18

1) 

2) 

3) 
JRR-3 JRR-4
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(1) 

18 4 12

18 4 14

59

28

18 11 28

18 12 6

133

 48
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(2) 

18 4 27

18 11 22

40

39

18 10 17 18

19 1 11

119

16
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 (3) JRR-3

18 5 12

18 5 15

18 10 25

18 10 26

18 10 30

JRR-3 55

 9

55

 8

 1

18 6 5 42

19 2 8  JRR-3 JRR-3 56

18 4 13

4 14

18 4 24

5 15

18 10 3

10 18

18 12 4

12 6

1

2

1

1

18 9 19

18 9 21

18 10 5

18 10 23

18 11 28

18 11 29

JRR-3 37

 3

 2

41

40

 1

18 5 1

18 5 8

1

1

39

 3
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18 6 1

18 11 20

 4

 4

18 11 24

19 3 6

JRR-3

L17

JRR-3 L17  2

 2

19 1 15

19 1 16

38

 3

19 2 7

JAEA

41

18 8 16 JRR-3 42

19 2 8

RI

RI

RI

41

18 4 3

19 2 7

19 3 23

19 3 28

JRR-3

JRR-3

42

41

36

 3
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18 4 5

18 5 23

19 1 9

19 2 8

JRR-3

JRR-3

42

42

41

41

19 2 7  JRR-3

JRR-3

41

19 2 7  JRR-3

JRR-3

41

18 10 17 10

19 1 4

19 2 8

JRR-3

JRR-3

41

41

18 4 5

18 4 6

18 4 7

18 4 10

18 4 11

18 4 14

18 4 20

18 4 27

18 11 22
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41
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18 10 17 JRR-3 JRR-3

JRR-3 JRR-3

41
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(4) JRR-4

18 4 28

18 5 10

18 10 27

18 11 2

JRR-4 26

 7

23

 9

18 6 26

18 6 27

18 7 3

26

 2

19

18 4 10

5 23

18 10 5

11 2
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 1

19 3 22
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18 9 11
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(5) NSRR

18 4 26 NSRR 40

18 4 17

4 28

18 4 24

4 28

18 7 5

7 6

 5

 1

 1

18 4 13  X-IV X-IV  4

19 3 2

19 3 8

34
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(1)
1)

(MEXT) 18 18 12 18
19 3 28 3 (MINT)

1 NSRR

NSRR
JRR-3 JRR-4

SRAC MVP
MVP

MINT (TRIGA-Mark )

Final Research Report

2)
18 18 9 22

18 12 22 3
1

JRR-3 QA
QA
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QA
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3)

18 18 11 6

19 1 31 87 CIAE 1

JRR-4 BNCT
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