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During the modification of Japan Research Reactor No.4 (JRR-4) to convert the 
enriched uranium-silicide fuels to low-enriched one, the JRR-4 utilization facility has 
been also modified as follows. An irradiation pipe (N-pipe) of 12 cm in diameter among 
irradiation facilities has been changed to a larger one of 15 cm in diameter. A 
pneumatic irradiation tube has been modified for activation analysis of short-lived 
nuclides. A neutron beam facility has been installed for medical irradiation. 

This report describes the result of characteristics measurement for the 
irradiation facilities at the initial and equilibrium states of the core filled with 
low-enriched uranium-silicide fuels. It was confirmed that the utilization facilities of 
S-pipe, D-pipe, hydraulic and pneumatic tubes had the performances as equal as those 
before the modifications. We have achieved the irradiation uniformity of less than 5% 
for the N-pipe. 

The maximum neutron flux was about 2.2 1013 m s at the new neutron 
beam facility and about 1 1011 m s at the prompt gamma-ray analysis facility in 
the reactor pool. These performances are satisfactory for the purpose of medical 
irradiation, basic examinations for medical irradiation, etc. 

Keywords: JRR-4, Modification, Utilization Facility, Neutron Beam Facility, 
Low-enriched Uranium-silicied Fuels, Characterization Measurement 
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Table.1

12cm
33cm
8cm

cm

r h cm2 g

P-20 1.00 1.00 2.20 2.37 20 21.2 10.9 

P-30 1.00 1.00 3.80 4.00 30 31.4 16.9 

P-40 1.00 0.90 5.40 6.24 40 40.4 22.1 

T-10* 1.00 5.00 10 2.7

T-20 1.00 1.00 2.20 2.40 20 21.4 11.2 

T-40 1.00 1.00 5.40 5.50 40 40.8 21.8 

S,D-20 1.00 0.96 2.20 2.36 20 20.1 10.7 

S,D-40 1.00 1.00 5.40 5.60 40 41.5 22.1 
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No mm k/k k/k
257.0 0.2007 S,D-0 254.5 0.2039 0.0033

257.0 0.2007 S,D-20 262.4 0.1937 -0.0069

257.3 0.2003 

S

S,D-40 265.4 0.1899 -0.0104

257.4 0.2002 S,D-0 256.2 0.2017 0.0016

257.5 0.2000 S,D-20 264.6 0.1909 -0.0091

257.6 0.1999 

D

S,D-40 273.4 0.1800 -0.0199

257.8 0.1996 N-0 257.2 0.2004 0.0008

257.8 0.1996 
N

N-si 254.0 0.2046 0.0049

257.9 0.1995 T-0 258.5 0.1987 -0.0008

258.2 0.1991 T-10 276.7 0.1760 -0.0232

257.9 0.1995 

A

T-20 283.0 0.1684 -0.0311 

257.9 0.1995 T-0 257.7 0.1998 0.0003

258.0 0.1994 T-20 263.4 0.1925 -0.0069

258.0 0.1994 

B

T-40 268.9 0.1855 -0.0138

258.0 0.1994 
257.9 0.1995 0.0001

258.2 0.1991 
800 272.5 0.1811 -0.0180

227.1 0.2410 P-0 227.6 0.2403 -0.0007

227.6 0.2403 P-10 237.0 0.2274 -0.0130

227.5 0.2405 P-20 238.3 0.2256 -0.0149

227.5 0.2405 P-30 242.1 0.2204 -0.0200
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k/k
C1 C2 C3 C4 C5 k/k

0.033 0.034 0.034 0.035 0.019 0.155 
0.000 0.000 0.000 0.000 0.000 0.000 

No.
cm2 g k/k

S,D-0 0.00 0.00 0.003 
S,D-20 20.09 10.73 0.007 S
S,D-40 41.47 22.05 0.010 
S,D-0 0.00 0.00 0.002 
S,D-20 20.09 10.73 0.009 D
S,D-40 41.47 22.05 0.020 

0 0.00 0.00 0.001 N 5 0.005 5in 45cm
T-0 0.00 0.00 0.001 
T-10 10.00 2.70 0.023 A
T-20 21.36 11.17 0.031 
T-0 0.00 0.00 0.000 
T-20 21.36 11.17 0.007 B
T-40 40.84 21.76 0.014 

0 0.00 0.00 0.155 
800 0.000

P-0 0.00 0.00 0.001 
P-20 21.17 10.87 0.013 
P-30 31.42 16.93 0.015 Pn

P-40 40.38 22.07 0.020 
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Table.6 10

(kW) (min)

10 30 
S

10 30 

10 30 
D

10 30 

10 30 
N

10 30 

Table.7 13

(kW) (min)

100 15 
S

100 20 

100 15 
D

100 20 

100 15 
N

100 20 
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Table.8 10

(kW) (min)

A 10 10 

B 10 10 
L

10 10 

Table.9 13

(kW) (min)

A 100 10 

B 100 10 
L

100 10 
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Table.11 10

Table.12 13

Table.13 10

(m s )

A  5.3 1017 3.8

B  4.3 1017 4.6

 3.2 1017 3.6

(  m s )

S  4.0 1017 4.5

D  4.3 1017 4.8

N  1.5 1017 8.1

(  m s )

S  4.3 1017 4.0

D  4.4 1017 4.3

N  1.3 1017 8.1
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Table.14 13

Table.15

(m s )  (m s )
<0.53eV 0.53-10keV

10 cm 15 cm 15 cm 10 cm 15 cm
1.7 1013 2.0 1013  9.0 1012 2.3 2.5 
5.3 1012 6.5 1012  3.2 1011 10.6 13.5 

( )
3.6 1012  2.2 1013 1.15

( )
1.1 1012 2.1 1012 1.08 1.1 

Table.16

( m s )
1 . 4 1012 2 . 3
1 . 3 1011 1 . 0 7

Table.17
(m s )

5  cm 5 cm 5 cm 5 cm

9.1 1013 9.0 1013

2.9 1013 2.8 1013

)
7.4 1012 6.3 1012 6.0 1012 6.2 1012 6.3 1012

(m s )

A  5.2 1017 3.9

B  4.4 1017 5.0

 3.5 1017 4.1
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Table.18 DOT3.5

0 . 5 3 e V 1 0 k e V > 1 0 k e V
( m s )  ( m s )

10 cm 15 cm 10 cm 15 cm
8.9 1012 9.0 1012 2.6 1011 2.7 1011

3.1 1011 3.2 1011 6.2 109 6.2 109

2.2 1013  9.5 1013

1.6 1013 1.8 1013 1.0 1013 1.1 1013

Table.19

(kW) (min)

S 200 20 

D 200 20 

N 200 20 

Ni
Ni

A 200 20 

B 200 20 
L

200 20 

3500 6
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Table.20

(mm) (m s )
+150 4.0 1016

0 5.9 1016S
-150 5.2 1016

+150 3.4 1016

0 5.2 1016D
-150 4.9 1016

+225 4.7 1015

0 9.6 1015N
-225 8.4 1015

+50 1.3 1017

0 1.1 1017A
-50 1.2 1017

+50 5.6 1016

0 4.6 1016B
-50 5.3 1016

+20 5.9 1016

-20 7.8 1016

Table.21

(m s )
 3.8 109

 5.3 108

 4.0 109

Table.22

(Sv /h)
10 cm 15 cm
3.27 3.41 

0.7

( ) 3.36

1.86 2.39 
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Table.23

( S v / h )
0 . 1 5 2
0 . 4 3 9

Table.24

(mSv/h)
8.36 

2cm 3.42 

4cm 1.69 

6cm 1.56 

8cm 1.34 

Table.25

m s

m s
m s
m s
m s
m s
m s
m s
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Fig.9 
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Fig.10 
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Fig.12 
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Fig.20 198Au
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Fig.23

Fig.24
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Fig.25 N
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Fig.42 N Ni Ni

Fig.43 S D Ni Ni
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Fig.44 Ni Ni

Fig.45 Ni Ni

�����������������������

����



Fi
g.

46

�����������������������

����



Fi
g.

47

�����������������������

����



Fi
g.

48

�����������������������

����



Fig.49

Fig.50

�����������������������

����



Fi
g.

51

�����������������������

����



Fi
g.

52

�����������������������

����



Fi
g.

53

�����������������������

����



Fi
g.

54

�����������������������

����



Fi
g.

55

�����������������������

����



Fi
g.

56

�����������������������

����



Fi
g.

57

�����������������������

����



Fi
g.

58

�����������������������

����



Fi
g.

59

�����������������������

����



Fig.60
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