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The sodium-cooled large-scale “high internal conversion (HIC) type” core with MOX fuel is 
the most promising core concept in “Fast Reactor Cycle Technology Development” in Japan. 

Design study on reactor core and fuel in JFY2006 is reported.  The results of the study 
are summarized as follows: 

(1) Design study of the core with MOX fuel containing MA 
Based on the large-scale HIC type core with MOX fuel in “Feasibility Study on 

Commercialized Fast Reactor Cycle Systems” Phase II, we have developed a core using 
TRU of high MA content which is recovered from ALWR spent fuel.  MA content in the 
fuel heavy metal is temporarily assumed to be 3 wt%.  We have confirmed the core 
design feasibility with the detailed evaluations of thermal hydraulic characteristics and 
fuel integrity.  Those characteristics were evaluated preliminarily in the previous 
studies.

Plutonium enrichment of the core is 19.6 wt%, 22.1 wt% for inner and outer cores, 
respectively.  Breeding ratio is about 1.1.   Core average discharge burnup is 146 
GWd/t.  Total average discharge burnup (including blankets) is 93 GWd/t.  Each of 
them meets the design condition.  The sodium void reactivity of 5.9 $ satisfies the safety 
requirement.  Sufficient control reactivity balance can be foreseen for the primary and 
the backup systems with enough shutdown margins. 

This report is the outcome of collaborative study between JAEA and JAPC (that is the 
representative of 9 electric utilities, Electric Power Development Company and JAPC) in the 
accordance with “The Agreement About The Development of A Commercialized Fast Breeder 
Reactor Cycle System”. 

Collaborating Engineer 
The Japan Atomic Power Company 
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The core has 10 coolant flow regions; 4 for inner and outer cores each and 2 for 
radial blanket.  The maximum cladding inner-wall temperature is 700 ºC, and the 
maximum pressure drop of fuel pin bundle is 0.22 MPa; those satisfy the design limits.  
The maximum cladding CDF value (for steady state) is 0.45, which also satisfies the 
design limit. 

(2) Design study of the nonproliferation core by adding Pu to the blankets 
As one of the measures to enhance the intrinsic nonproliferation property of fast 

reactors, we have investigated the nonproliferation core that can keep the Pu in blankets 
to “Reactor Grade (240Pu isotope abundance ratio > 18%)” with premixing Pu (or TRU) of 
core fuel to blanket fuel. 

Based on the core developed in (1), we have performed core design study.  It is 
found that the average Pu compositions for both axial and radial blankets can always be 
Reactor Grade, providing 5 wt% of TRU content in the blankets at a maximum.  
Necessary changes in core and fuel specifications are 
- the reduction of core height (100 90 cm) in order to satisfy the design conditions for 
core average specific power and core average discharge burnup, 
- the extension of axial blanket (35 55 cm: total of upper and lower ones) for the 
breeding ratio of about 1.1. 

All of the core neutronic characteristics, the thermal-hydraulic characteristics, 
and the cladding CDF value satisfy the design limits and conditions, therefore we have 
confirmed the feasibility of the nonproliferation core design. 

Keywords: 
Fast Reactor Cycle Technology Development, Sodium Cooled Fast Reactor, Mixed Oxide 
Fuel Core, Core and Fuel Design, Minor Actinide, Nuclear Nonproliferation 

���������������������

�



.  ……………………………………………………………………………………… 1

. MA   ………………………………………………………… 2

2.1  …………………………………………………………………………………… 2

2.2  …………………………………………………………………… 3

2.3  ……………………………………………………………………………… 4

2.3.1  …………………………………………………………………………… 4

2.3.2  ……………………………………………………………………… 6

2.3.3  ……………………………………………………………………… 8

2.4  ……………………………………………………………………………………… 9

. Pu …………………………… 32

3.1  ………………………………………………………………………………………… 32

3.2  …………………………………………………………………………………… 32

3.3  ……………………………………………………………………………… 35

3.3.1  …………………………………………………………………………… 35

3.3.2  ……………………………………………………… 36

3.3.3  ………………………………………………………… 38

3.4  ……………………………………………………………………………………… 40

.  ……………………………………………………………………………………… 61

 ………………………………………………………………………………………………… 62

 …………………………………………………………………………………………… 63

���������������������

�



Contents 

1. Introduction …………………………………………………………………………………… 1

2. Design study of the core with MOX fuel containing MA ………………………………… 2

2.1 Design condition ………………………………………………………………………… 2

2.2 Study of core and fuel specifications …………………………………………………… 3

2.3 Core characteristics evaluation ………………………………………………………… 4

2.3.1 Core neutronic evaluation ………………………………………………………… 4

2.3.2 Thermal hydraulic evaluation ……………………………………………………… 6

2.3.3 Fuel integrity evaluation …………………………………………………………… 8

2.4 Summary …………………………………………………………………………………… 9

3. Design study of the nonproliferation core by adding Pu to the blankets ……………… 32

3.1 Background ………………………………………………………………………………… 32

3.2 Design condition ………………………………………………………………………… 32

3.3 Core characteristics evaluation ………………………………………………………… 35

3.3.1 Core neutronic evaluation ………………………………………………………… 35

3.3.2 Thermal hydraulic and fuel integrity evaluations ……………………………… 36

3.3.3 Shielding design prospect …………………………………………………………… 38

3.4 Summary …………………………………………………………………………………… 40

4. Concluding remarks ………………………………………………………………………… 61

Acknowledgement ……………………………………………………………………………… 62

References ………………………………………………………………………………………… 63

���������������������

�



2-1 (FBR ) …………………………………………………   10 
2-2 TRU  ……………………………………   11 
2-3  ……………………………………………………   12 
2-4  ……………………………………………………………………   13 
2-5  …………………………………………………………………………   14 
2-6  …………………………………………………………………   15 
2-7  …………………………………………………………………………   17 
2-8  ……………………………………………………………………   18 
2-9  …………………………………   19 
2-10  ……………………………………   19 
2-11  ………………………………………   20
2-12 CDF ……………………………………   21
3-1  …………………………………………………………………………   41
3-2  [ ] ………………………………………   42
3-3   [ ] ………………………………………………   44
3-4   [ ] …………………………………………   45
3-5   [ ] ……   46
3-6   [ ] ………   47
3-7   [ ] ……………   48 
3-8   [ ] …………………………………………………   49 
3-9 CDF  [ ] ………   50
3-10  ………   51
3-11  ……………………………   51
3-12  ……………………………   52

���������������������

�



2-1  ……………………………………………………………………………   22 
2-2 TRU  ……………………………………   23 
2-3  ………………………………………………………………………   24 
2-4  …………………   25 
2-5  …………………   25 
2-6  …………………………………………………………………   26 
2-7  …………………………………   27 
2-8  ……………………………………………   28 
2-9  …………………………………………………………………   29 
2-10 CDF  ………………………………………………   30 
2-11 ( )  ………………………………………   31 
3-1 TRU Pu  ………………   53 
3-2   [ ] …………………   54 
3-3   [ ] ………………………………………   55 
3-4 CDF   [ ] ……………………   56 
3-5 ( )   [ ] …………   57 
3-6 II  ………………………………   58 
3-7 0.1MeV 

 ………………………………………………………………………………   59 
3-8 0.1MeV 

 ………………………………………………………………………………   60 

���������������������

�



1.

FaCT

MOX 2006

FaCT

FS MOX

MA Pu

                                                 
 MA: Minor Actinide 89 103

Np
Am Cm

���������������������

���
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3 114 7 88
4 84 8 72

2-9

���������������������

����



(a)

(b)

2-10  CDF
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3. Pu

2 TRU MOX

Pu

3.1 

FaCT

[5]

extrinsic

intrinsic

Pu 240Pu 7%

Pu

Pu 240Pu

18%

Pu Pu

[6] Pu

Pu

[7,8] Pu

3.2 

2 TRU MOX

MA Pu
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2

(1) Pu

Pu

240Pu 18%

B. Pellaud Pu

B. Pellaud Pu [8]

Super grade       x 3% Best quality 

Weapon grade  3% x 7% Standard material 

Fuel grade  7% x 18% Practically usable 

Reactor grade  18% x 30% Conceivably usable 

MOX MOX grade  30% x  Practically unusable 

      x 240Pu

B. Pellaud Pu

Conceivably 

usable

(2) Pu TRU

TRU ALWR TRU 40

MA 3 wt%

TRU

fertile
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Pu

TRU

TRU

LWR TRU 4

238Pu/239Pu/240Pu/241Pu/242Pu/237Np/241Am/243Am/244Cm

=2.3/46.5/23.1/11.0/6.7/5.8/2.8/1.4/0.4 wt% 

 PWR  49 GWd/t BWR 45 GWd/t

TRU 1:1

TRU MA

FP

(3) TRU

TRU MA

LWR TRU 4

3-1 Pu TRU

TRU 5 wt%

Pu

TRU 5 wt%

(4)

TRU

40 kW/kg-MOX

MA 40 kW/kg-MOX

2-5 TRU
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TRU 5 wt% 100 cm 90 cm

TRU

MA

TRU

1.1

TRU 5 wt%

90 cm ( / ) 35 (15/20) cm 55 (25/30) cm

( / ) 55 (25/30) cm

3.3 

3.3.1

3.2 (4)

( )

3-1 3-2

Pu 19.6 wt% 21.9 wt% MA

1.5 % k/kk' MA

1.099

41 kW/kg-MOX 5.7 $

 -4.3×10-3 Tdk/dT

393 W/cm 378W/cm

MA

4.9 1023 n/cm2 147 GWd/t

85 GWd/t

3-2 240Pu

19.0 wt% 19.8 wt%
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Pu

MA TRU

Pu 5.7  6.4 t/GWe

( )

3-3 3-4

MA 5 9%

TRU

( )

3-5

3-6 3-7

3.3.2

CDF

(1)

2.3.2 2.3.3

MA

1350 mm 1450 mm 100 mm

TRU

100 mm 1050 mm MA
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2690 mm 3-8

2.3.3 CDF

MA

TRU

(2)

( )

3-2 700

3-2

3-3

4 2

( )

3-9

1

CDF 700

700 TRU

3-9

700 0.21 MPa

16,425 kg/s

91.3% 95.5% 4.2%
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( ) CDF

3-9 CDF CDF

0.50 0.18

0.5

3.3.3

TRU

FS MOX

FS

5 cm 10 cm

2 MA

5 cm

(1)

(2)

3-10

EOEC
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20 30%

3-6

10 DHX

6 IHX 3.5

20 30%

3-6

UIS

1.5 2.0 3-11 3-12

3-7

3-8

MA

MA

50% UIS 2.0

MA
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3.4 

intrinsic

TRU Pu

240Pu 18%

TRU

LWR TRU 4

TRU TRU 5

wt% Pu

2 MA

100

90 cm 1.1

35 55 cm

Pu

4 2

10

100 mm 1050 mm

700

0.2 MPa CDF 0.5
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3-2 (1/2)  [ ]
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3-2 (2/2)  [ ]
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3-7   [ ]
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3-8   [ ]
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3-9 CDF  [ ]
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3-10

3-11  

[B] 

[C] MA

[C] MA
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3-12

[C] MA

[B] 
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(a)

(b)

 3-1  TRU Pu
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64 5 28 9 42

2 54 6 70 10  54
3 94 7 92
4 76 8 84
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JAEA-Research 2007-XXX

.

FaCT MOX
2006 FS MA

Pu

MA MA ALWR TRU
FS 5

cm 5 cm
Pu 19.6 wt% 22.1 wt%

1.1 146 GWd/t 93 
GWd/t 5.0 1023 n/cm2 s

411 W/cm 395 W/cm 5.9 $

4 2
10 700
0.22 MPa

16,756 kg/s 93.1% 95.5%
2.4% CDF 0.45

0.06

Pu MA
TRU 5 wt%

Pu 240Pu
18%

100
90 cm 1.1 35 55

cm Pu

4 2
10 5 cm

700
0.2 MPa CDF 0.5
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JAEA-Research 2007-XXX

MOX JAEA  (9
) ARTECH

 (
) NESI
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