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A silicide fuel enriched less than 20% 235U has been used for research reactors JRR-3, 
JRR-4 and JMTR. The spent silicide fuel elements generated before May 2016 will be 
shipped to the United States under the contract between the United States Department of 
Energy (DOE) and the Japan Atomic Energy Agency (JAEA). After termination of the 
contract, the spent silicide fuel elements will have to be straged in each facitity. Therefore, 
we have reviewed possibilities of using U-Mo fuel which may have good reprocessing 
feasibility as alternative fuel to the silicide fuel.  
We have confirmed that the reprocessing of U-Mo is possible by means of dissolving it in 

fuel of light water reactor. However, we have confirmed swelling problems of U-Mo fuel are 
not solved. Therefore, we have decided that the conversion from silicide fuel to U-Mo fuel is 
not possible at present. 
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65
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150 390 W/cm2 40% 235U
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3 135 35 49% Si
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2 19 3 9

51 39 2006 2 13
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RERTR-7A C 2
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RERTR-8 ATR 75mm× 600mm× 1.25mm
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Al-2%Si Al Si 25mm×100mm×1.4mm BWXT
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3.2 U-Mo
U-Mo 8g/cm3 U-7%Mo U-Mo

Table3-2 UMUS FUTURE

1 IRIS1
IRIS1 8g/cm3 OSIRIS

7 9wt%Mo U-Mo
136W/cm2 72

67.5% 6%
(U,Mo)Al3

(U,Mo)Al4 (U,Mo)Al7 UMo
RERTR-4

2 UMUS 
UMUS HFR 8g/cm3

20% 2
140 170W/cm2 35% 2 240

250W/cm2 35% 2
15% 17mm

230 250
3 FUTURE 

FUTURE BR2
8g/cm3 2 U-Mo 130

340 W/cm2 28%
2003

SCK/CEN 2003 RERTR
4 IRIS2

IRIS2 OSIRIS
2003 10 RERTR 28%

25 m 2%
5 IRIS-3 

IRIS-3 0.3% 2.1% Si
7.8 8.0g/cm3 4 OSIRIS 2005 2006

7 48.8%
83

90 m
6 IRIS-TUM 

IRIS-TUM 2.1%
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Si 7.3 8.4g/cm3 4 OSIRIS 2005
2007 8 49.5% Jules
Horowitz Reactor JHR

35.3 59.3% Al-Fe-Ni JHR
97

93 104 m
7 IRIS-4 

IRIS-4 2.1% Si
7.9g/cm3 4 OSIRIS 2008 2009

5 6 50% Al-Fe-Ni
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2008 U-Mo
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3.3 
1

RERTR

2
KAERI U-Mo 6g/cm3

4.0 4.5g/cm3 HANARO
KOMO-3 4.5g/cm3 Zr Si

KOMO-4
Zr Ti

3
R2 2004

U3Si2 4.8g/cm3 U-Mo 7.0g/cm3

2005 R2 U-Mo
U-Mo

CERCA 2002 12
2005 6 R2

4
U-Mo

NRU 135MW U3Si2 MAPLE
4.5g/cm3 U-7%Mo U-10%Mo

2003 5 2004 12 NRU 8
43%

80% U-7%Mo
2cm U-10%Mo

5
2005 20% UMo-Zry

Zr
58% U-8%Mo U-10%Mo HIP

8g/cm3 MTR Si U-7%Mo

RA3 U-7%Mo 7g/cm3

8g/cm3 U-7%Mo
7g/cm3 8g/cm3 Si
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6
5MW RECH-1 1974

80% 2002 LEU U3Si2

HRF
2003 3 2004 8 55% U-Mo

ISO9001 U-Mo Mo 7 10wt%
3 5 6 7g/cm3 U-Mo 980 72

Si,Ti,Zr 1wt%

3.4 CERCA
2008 9 JRR-3 CERCA

U-Mo
1 U-Mo Si Si 2.1%

2 U-Mo

3.5 U-Mo
2008 U-Mo

U-Mo Si
200

300 m 500 m
Ti Zr

Si Zr Al 2%
5%Si Al Al-Fe-Ni Al Fe 1% Ni 1% Mg 1%

3.6 U-Mo
U-Mo U-Mo
JHR BR2 Belgian Reactor 
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1 JHR
JHR 2014

19.75% 8g/cm3 U-Mo/Al
U-Mo U3Si2 27% 4.8g/cm3

U3Si2

U-Mo 19.75% 8g/cm3U-Mo
U-Mo JHR
3

19.75% 8g/cm3 U-Mo/Al
1)

2 BR2
BR2 93% 1.3g/cm2

2) U-Mo
U3Si2

B4C Cd Gd2O3 U-Mo
19.6% 8.5 g/cm3 7.5g/cm3 U2Si3 19.6%

4.8 g/cm3 MCNP 3)

U-Mo U-Mo
JHR BR2

4 U-Mo

U-Mo U-Mo
Table4-1 U-Mo

1
2 3 4 U-Mo 5

1

JMTR U3Si2

4) 1.5
1 1 3.5
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JMTR U3Si2

4)

1 1.5
1 2.5

5
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JRR-4 U3Si2

1 1 2
3

JRR-4 U3Si2 1
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4 U-Mo
1 2 3

5
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5 U-Mo

5.1 
JMTR JRR-3 4.8g/cm3 19.75%

U-Mo

1 U-Mo U3Si2

2 2003

5.2 U-Mo
Table5-1 1 U-Mo

U3Si2

U-Mo U3Si2

2 7 RERTR 2003

U-Mo

RERTR Reduced Enrichment for Research Reactor RERTR
8 12 KAERI

13 16 AECL
2003 RERTR

17 21 JRR-3 JMTR
22 26 JMTR

17 21 22 26

JRR-3
U-Mo Al FP
RERTR
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FP U3Si2

U3Si2

U-Mo

4.8 g/cm3

U-Mo 6 8 g/cm3

U-Mo Al

Fig.5-1 ANL Argonne National Laboratory ATR
Advanced Test Reactor U-Mo Al

Al
Al

JRR-3
U-Mo Al

 JMTR 
U-Mo Al

U3Si2

U-Mo
Al Si

U-Mo RERTR
U3Si2

U3Si2

NSRR U3Si2

 DNB 400

DNB

U-Mo

5.3 
U-Mo
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6 8 g/cm3

U3Si2 NRC U3Si2

Safety Evaluation Report NUREG-1313 1988 U-Mo
NUREG-1313

RERTR-2008 2010

Fig.5-1 

U-Mo/Al

DSC

U-Mo/Al

FP

FP

FP

FP
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Table5-1  U-Mo
U-Mo U3Si2

RERTR KAERI AECL JRR-3 2 JMTR NUREG
1313

%(f/cm3) %(f/cm3) W/cm2
%(f/cm3) W/cm %(f/cm3) W/cm2

%(f/cm3) W/cm2
%(f/cm3) W/cm2

NUREG:60
: 400

400 80 80 
(400)

90
(2.16x1021) (400)

92
(1.9x1021)

0 0 90
(2.16x1021)

92
(1.9x1021)

RERTR :JMTR

170 181

63 65 90 99

200 175 80 90 390 

35
20 60 80 404

(107) (99)

90
(2.16x1021) (212) (188)

92
(1.9x1021)

:JMTR

U-Mo ×

DSC

U-Mo Al

("NUREG-1313 3.2.4 U3Si2
Al " )

:JMTR

170 181

63 65 90 99
U-Mo Al 

(200) (175) (80) (90)

35
20 60 80 404 (107) (99)

90
(2.16x1021) 110

(212) (188)

92
(1.9x1021) 380

U-Mo

FP
    1000 70 1000 70

EPZ NUREG: 650

:600 1000 (BU:20
70%) 

    

RIA U3Si2

8g/cm3  4.5g/cm3

multi core fuel  6g/cm3  4.5g/cm3              

f/cm3: fission/cm3 1cm3

(4.8g/cm3) (6 8 g/cm3

×
U3Si2 U3Si2
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6

6.1
JMTR U3Si2

Fig.6-1 1 4
50W×150L×1.27t mm 2 3

U3Si2

154 121 2011 JMTR
450 201

U-Mo

(SUS )

(A )

SH- SH- SH-

SR-

SR-

HR

OSF

Fig.6-1 U-Mo
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6.2 
U3Si2 60% 70%

35% 45% 50MW
30 ORIGEN-JR

1.70 1014n/(cm2 sec) Table6-1 70%
6 35% 45% 2 3

Table6-1  U-Mo
%

1 18.4  
2 33.5 
3 45.7 
4 55.8  
5 63.9  
6 70.6 

7.

7.1 
U-Mo

Fig.7-1
1

2 X
X

3

X
4

5

6
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FP
7 FP

FP
8

9

U-Mo/Al
X XRD X

SEM EPMA

10

ANL

11

12
U-Mo Al

DSC

Fig.7-1
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7.2 

2 40% 70%
3

SEM
FP

FP 1
1

Fig.7-2

2
Table7-1 SEM/EPMA

FP 2 8
JMTR U3Si2

U-Mo 42W×130L×0.51t
50W×150L×1.27t

Fig.7-2

SEM/EPMA

15mm

150

42
 

130

UMo

50
 

�����������������������

����



Table7-1

35% 70%

SEM/EPMA
FP

7.3 
2

WASTEF
X

FP SEM

JMTR

FP
He Kr Xe

SEM
U-Mo

JMTR

U-Mo
WASTEF

WASTEF Table7-2
FP
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8

8.1 U-Mo
AREVA U-Mo

U-Mo U-Mo
Al Mo

U-Mo 200
235U Al

40g/L U-Mo

1
U-Mo5 U-Mo9 65

U Mo
3.5N

2 U-Mo 200
Mo

U-Mo
U-Mo FP

Mo

1950 ORNL PUREX U-Mo
5) U-Mo

U-Mo U,Pu

1 Mo (MoO3) U-3%
w/w Mo Al 1.8M NaOH-2M NaNO3

Al 6M U Mo
U Mo 0.6M 0.04M 3-4M

U-10% w/w Mo 11M
MoO3 U 5 10% Pu 2%

U Pu 5M NaOH
U Pu

2 U-Mo U Pu TBP
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8.2 U-Mo-Si
2008 RERTR U-Mo

U-Mo-Si U3Si2

1980
CEA U3Si2 AREVA

U-Mo-Si
xSiO 2yH2O U-Mo-Si

U-Mo
200

8.3 U-Mo
GTRI U-10% w/w Mo

Al U U
6)

1 U :50-70g/L :1.5-3M
5.5M 100 HF Mo

0.5M Fe NO3 3 HF U-Zr
2 U U 99.999% 1×108

30% v/v TBP/n- 28
8 8 12 AMUSE

8.4 U-Mo
PUREX U-Mo

U-Mo

wt%
U-Mo U-Mo

U-Mo

U Pu

2014 MOX
U-Mo

U-Mo U-Mo
4 2028
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U-Mo

8.5 
U-Mo
1 U-Mo AREVA

U-Mo
Mo U-Mo 200

Mo
U-Mo

2 U-Mo-Si
xSiO 2yH2O U-Mo-Si

U-Mo 200

3 U-Mo U
TBP U

4
U-Mo

9.

U-Mo U-Mo
U-Mo U-Mo

1 U-Mo
2008 U-Mo

U-Mo Si
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200 300 m
500 m

Ti Zr U-Mo
Si

Zr Al 2% 5%Si
Al Al-Fe-Ni Al Fe 1% Ni 1% Mg 1%

2 U-Mo
U-Mo

11 U3Si2

U-Mo

3
U-Mo

NRC Safety Evaluation 
Report 2010

4
JMTR JRR-3

2011 4 JMTR U3Si2

JMTR
70% JRR-3 8 1

JMTR 6 1

5
U-Mo

WASTEF WASTEF

2009

WASTEF
WASTEF JMTR
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6
2008RERTR GTRI U-Mo

U
U-Mo-Si U-Mo

U-Mo

U-Mo

U-Mo

11

1) D. Iracane, “Jules Horowitz Reactor and LEU”, International Symposium on HEU 
Minimization in the Civilian Sector, Oslo, Norway, June (2006). 

2) E. Koonen, “Ongoing Activities at BR2 with Regard to Conversion”, 30th International 
Meeting on Reduced Enrichment for Research and Test Reactor, Washington D.C., USA, 
October (2008). 

3) S. Kalcheva, E. Koonen and B. Guiot, “Optimized Burnable Absorber for the BR2 
Reactor”, 30th International Meeting on Reduced Enrichment for Research and Test 
Reactor, Washington D.C., USA, October (2008).  

4) 33 “ 33 ” pp.125-127 (1990). 
5) Blanco, R. E., et al., ”Chemical Processing of Power and Research Reactor Fuels at Oak 

Ridge National Laboratory”, Proceedings of AEC Symposium for Chemical Processing 
of irradiated Fuels, TID-7583(1960). 

6) Dominique, C. et al., “Scrap Recovery Operations in the Fuel Fabrication Capacity”, 
Proceedings of 2008 RERTR(2008). 
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 2008 U-Mo

1.

    
    JRR-3

    

 JRR-3
 JRR-4

2.

1   2008 9 1
2   2008 10 31
3   2008 11 18
4   2008 12 26
5   2009 1 30
6   2009 2 27
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 2003 U-Mo

.

1

JRR-3
JRR-4

JRR-3

(

2003 4
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 JRR-3 U-Mo

U-Mo JRR-3 U3Si2 U-Mo
U-Mo

1.
JRR-3 U3Si2 U-Mo U3Si2

U3Si2 1 U-Mo
U-Mo

U3Si2 Cd

2. U-Mo
1 Mo

Mo Mo
Mo

Mo 6 10wt% U-Mo
7wt%Mo

Mo 7wt%
2

U3Si2

8.4g/cm3

7.8 8.0 g/cm3 8.5 g/cm3 7.9 g/cm3

8 g/cm3

U3Si2

U3Si2 19.75%
U3Si2

235U U3Si2

11.85% k-inf U3Si2 15.90%

U-Mo Table
-1
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Table -1 U-Mo

U3Si2 4.8 g/cm3 19.75 % 

U-Mo [1] 4.8 g/cm3 19.75 % 

U-Mo [2] 8.0 g/cm3 11.85 % 235U

U-Mo [3] 8.0 g/cm3 15.90 % 

U-Mo [4] 8.0 g/cm3 19.75 % 8.0 g/cm3

3.
U-Mo U3Si2

U-Mo
1

U-Mo U-Mo U3Si2

U-Mo
U3Si2

U3Si2 Cd
Cd

U-Mo Cd
Cd

U-Mo
U3Si2 U-Mo [1] [4] MVP-BURN

U-Mo [1] [4] U3Si2

Fig. -1 Fig. -2 Fig. -3 Fig. -4

Table -2
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0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6
k
in
f

[Day]

U3Si2 [ 4.8g/cm3, 19.75w%EU]

UMO [1] [ 4.8g/cm3, 19.75w%EU]

Fig. -1 U-Mo [1] U3Si2

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

k
in
f

[Day]

U3Si2 [ 4.8g/cm3, 19.75w%EU]

UMO [2] [ 8.0g/cm3, 11.85w%EU]

Fig. -2 U-Mo [2] U3Si2
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0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6
k
in
f

[Day]

U3Si2 [ 4.8g/cm3, 19.75w%EU]

UMO [3] [ 8.0g/cm3, 15.90w%EU]

Fig. -3 U-Mo [3] U3Si2

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

k
in
f

[Day]

U3Si2 [ 4.8g/cm3, 19.75w%EU]

UMO [4] [ 8.0g/cm3, 19.75w%EU]

Fig. -4 U-Mo [4] U3Si2
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Table -2 

k-inf

U3Si2 1.476 1.504 

U-Mo [1] 1.449 1.482 

U-Mo [2] 1.410 1.426 

U-Mo [3] 1.473 1.474 

U-Mo [4] 1.525 1.499

U-Mo [4]

U-Mo [1] [4]
U-Mo [1]

U-Mo [1] U3Si2

Mo Si
U-Mo [1]

U3Si2

U-Mo [2]
U-Mo [2] U3Si2

Mo Si
238U

U-Mo [2] U3Si2

U-Mo [3]
U-Mo [3] U3Si2

U3Si2

U-Mo [3] U3Si2

U-Mo [4]
U-Mo [4]
U3Si2 U-Mo
[4]

2 Cd
1 U-Mo [4]

U-Mo [4]
U-Mo [4]

Cd U-Mo [4] Cd
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0.4mm 0.6mm 0.8mm 1.0mm
MVP-BURN Fig. -5

Cd
0.6mm 0.8mm 1.0mm U3Si2

U-Mo [4] Cd
U-Mo [4]

Fig. -5 U-Mo [4] Cd

4. 1
1

1

1 Fig. -1 Fig. -2 Fig. -3

U3Si2 20MW 380 U-Mo
[1] U-Mo [2] U-Mo [3] U3Si2

U-Mo [1]
U-Mo [1] 0 380 U3Si2

U-Mo [1]
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U3Si2

U-Mo [1] 1
U3Si2

U-Mo [2]
U-Mo [2] 0 380 U3Si2

U-Mo [2] U3Si2

1
U-Mo [2] 1

U3Si2

U-Mo [3] 
U3Si2 380 1.24 U-Mo
[3] U-Mo
[3] 1.24 Fig. -3 500

U-Mo [3] 1
120 U-Mo [3]

1 1.3 =500 380

U-Mo [3] 235U U3Si2 235U  1.3 
235U 1

5.
U-Mo U3Si2 U3Si2

U-Mo [1] U-Mo [2] U-Mo [3] SRAC
VT-1

RG-2 Fig. -6 Fig. -7
U-Mo [1] U-Mo [2] U3Si2

U-Mo [3] U3Si2

U-Mo [1] U-Mo [2] U-Mo [3]
U3Si2
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Fig. -6 VT-1

Fig. -7 RG-2
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6. JRR-3 U-Mo
Table -4

Table -4 U-Mo
Cd 1

U-Mo [1] 

U-Mo [2] 

U-Mo [3] 
1.3

U-Mo [4] 

JRR-3 U-Mo 2
U-Mo [1]

    4.8 g/cm3

   19.75% 
   UMo Mo7w% -Al

    21 17
Cd 0.04cm 
Cd 21 ×2 17 ×2

0.051cm 
0.235cm 0.24cm 

U-Mo [3]
    8.0 g/cm3

   15.90% 
   UMo Mo7w% -Al

    21 17
Cd 0.04cm 
Cd 21 ×2 17 ×2

0.051cm 
0.235cm 0.24cm 
U3Si2 1.29
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 JMTR U-Mo

JMTR U3Si2

1 LEU 22 2 5 1
25 1,240MWd

50% LEU 24
3 5 2 30

1,490MWd 60%
U-Mo JMTR U3Si2 U-Mo

1.
JRR-3 JMTR U3Si2 U-Mo

U-Mo U3Si2

U3Si2 1
U-Mo U-Mo U3Si2

JMTR U3Si2

JMTR SRAC
165

LEU

2. U-Mo
1 Mo

JRR-3 Mo JMTR Mo
7wt%

2
JRR-3 U3Si2

4.8g/cm3 8.0g/cm3

U3Si2 U3Si2

19.75% U3Si2

19.75% 235U U3Si2 11.85%
JMTR U-Mo

Table -1

3. U-Mo
1 U-Mo

U-Mo [1] [2] [3] U3Si2 14
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k-inf

U-Mo k-inf Fig. -1 Fig. -2
Fig. -3
2 U-Mo

1 U-Mo U3Si2

U-Mo U3Si2

U-Mo Table -2 U3Si2

U-Mo >1MeV <0.683eV
Fig. -4 Fig. -5 Fig. -6

3 U-Mo [1]
U-Mo [1] U3Si2

U-Mo [1] U3Si2

U3Si2

U3Si2

Si Mo
U-Mo [1] U3Si2 1

4 U-Mo [2]
U-Mo [2] U3Si2

U-Mo [2] U-Mo [1]

U-Mo [1]
U-Mo [1] Mo 238U

238U Pu
1 U3Si2

5 U-Mo [3]
U-Mo [3] U3Si2
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U-Mo [3]

%
235U 1.67

1

LEU
U-Mo [3] 235U 11kg

4. JMTR U-Mo
U-Mo 1

U-Mo

JMTR U-Mo U3Si2

U-Mo [1]
4.8g/cm3 U-Mo

U-Mo [2] U3Si2

11.85%
LEU 235U

11kg Mo 7wt% 8.0g/cm3

12.5%
JMTR U-Mo Table -3

U-Mo
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Table -1 JMTR U-Mo

g/cm3
%

U3Si2 4.8 19.75

U-Mo [1] 4.8 19.75
U-Mo [2] 8.0 11.85 235U
U-Mo [3] 8.0 19.75

Table -2 JMTR U-Mo

235U
kg

% k/k % k/k

U3Si2 9,629 0.893 0.983 12.32 3.78

U-Mo [1] 9,629 0.888 0.977 11.85 3.29
U-Mo [2] 9,629 0.867 0.954 9.47 0.78
U-Mo [3] 16,048 0.952 1.041 16.61 7.77

 11  0.9  15

Table -3 JMTR U-Mo

g/cm3
%

235U
kg

U-Mo [1] 4.8 19.75 9,629  
U-Mo [2] 8.0 11.85 9,629  
U-Mo [2] ’ 8.0 12.50 10,965

Mo 7wt%
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Fig. -1 U-Mo [1] k-inf

Fig. -2 U-Mo [2] k-inf
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Fig. -3 U-Mo [3] k-inf
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>1MeV %

<0.683eV %
Fig. -4 U3Si2 U-Mo [1]
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>1MeV %

<0.683eV %
Fig. -5 U3Si2 U-Mo [2]
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>1MeV %

<0.683eV %
Fig. -6 U3Si2 U-Mo [3]
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 JRR-3

1.
JMTR U3Si2

Fig. -1 1 4
20W×60L×1.27tmm 2 JRR-3

Fig. -2

U-Mo
PLATE JRR-3

93 77
U-Mo

Fig. -2
Fig. -1 U-Mo

2.
U3Si2 60% 70%

40% 20MW 25
ORIGEN-JR
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1.3×1014n/(cm2 sec) Table -1 70%
8 1 40%

3
U-Mo

60Co 3.7×1014Bq 8 8
4.4×1013Bq

Table -1 U-Mo
%

1 14.2  
2 26.3  
3 36.8 
4 45.7  
5 53.4  
6 60.4  
7 65.7  
8 70.6 
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