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Shohei SATO  and Hiroshi OKUNO 

Nuclear Facility Safety Research Unit 
Nuclear Safety Research Center 
Japan Atomic Energy Agency 

Tokai-mura, Naka-gun, Ibaraki-ken 

(Received April 8, 2009) 

This report represents the kinetic parameters for homogeneous fuel systems obtained in the 
cooperative study with the Institut de Radioprotection et de Surete Nucleaire (IRSN) in France which aims 
at the accumulation of the criticality safety data and the reliability improvement of the criticality safety 
calculation technique. The subject fuels for calculation are MOX powder mixed with zinc stearate and 
plutonium nitrate solution. The calculation systems are the critical cylinder system with a 2.5-cm-thick 
water reflector or the infinite system for MOX powder and the critical cylindrical tank APPARATUS-B at 
Valduc facility in France for plutonium nitrate solution. The calculated kinetic parameters are the fraction 
of delayed neutron, the effective decay constant of delayed neutron precursor, the prompt neutron lifetime, 
and the temperature coefficient of reactivity. The calculation is executed using the combination of 
TWODANT code and the cross section which is collapsed to 17 energy groups based on JENDL-3.3. 

As a result of the calculations, it was found that the kinetic parameters of MOX powder is dependent 
on plutonium enrichment and the neutron moderation, and is not dependent on the density of MOX powder 
and the geometry of fuel except for the prompt neutron lifetime. This tendency does not depend on whether 
the fuel system is the cylindrical geometry or the infinite system. It is also found that the effect of 
collapsing of cross section from 107 group to 17 group does not appear except for prompt neutron lifetime. 
The effect of collapsing on prompt neutron lifetime depends on the enrichment of plutonium. The kinetic 
parameters of plutonium nitrate solution depend on the concentration of plutonium and temperature; the 
temperature coefficient of which plutonium concentration is below 19 g/l is positive. 

Keywords:  Kinetic Parameter, Homogeneous Fuel System, MOX , Plutonium Nitrate Solution,  
Fraction of Delayed Neutron, Effective Decay Constant of Delayed Neutron Precursor,  
Prompt Neutron Lifetime, Temperature Coefficient of Reactivity, TWODANT, SRAC, 
Collapsing of Cross Section 
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Fig.2-1 Calculation model of MOX powder 
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2.1.2

Valduc APPARATUS-B

38 cm 22 cm 25 
cm Fig.2-2
APPARATUS-B Table2-7

14.1, 14.5, 15.0, 20.0 gPu/l 4
Pu-238/239/240/241/242=

0.1936/76.8064/20.7779/1.1203/1.1018 1.01 mol/l
21, 25, 40, 55 

Table2-8 Table2-9

22 38

0.30.3

0.
3
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3

5AirWater

Fissile Solution

Steel

25

21
0

    

22 38

0.30.3
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3

0.
3

Water Fissile Solution

Steel

25

(a) APPARATUS-B                      (b)Calculation model 
Fig.2-2 Calculation model for plutonium solution (APPARATUS-B) 
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Table 2-7  Geometry parameters of the calculation model of plutonium solution 

Type
 Cylinder tank with 76 cm 

diameter of APPARATUS-B

Materials of wall Stainless 

Wall thickness  
Side and bottom 0.3 cm,  

Top 5 cm 

Height of fuel  Critical height 

Thickness of water reflector  
Side 22.0 cm 

Bottom 25.0 cm 

Table 2-8  Fuel conditions of plutonium solution 

Concentration of plutonium [g-Pu/l] 14.1, 14.5, 15.0, 20.0 

Density of solution [g/cm3] Calculated from SST eq.11)

Nitric acid [mol/l] 1.01 

Isotopic composition of plutonium 
[wt%] 

(Pu-238/239/240/241/242) 

0.1936/76.8064/20.7779/ 
1.1203/1.1018 

Temperature [ ] 21,25,40,55 
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2.2
2.2.1

SRAC7) TWODANT8)

JENDL-3.39) Fig. 2-3

SRAC 17 SRAC
PEACO 107

ANISN Sn 17 MOX
MOX

SRAC
SRACLIB-JDL33 S( , ) ENDF/B-

JEF-3.0
ANISN Sn Sn 8 PL 17

Table2-10
SRAC 17 TWODANT

MOX

SRAC 17 MOX
SRAC 2

17 TWODANT 2 S
TWODANT

TWODANT 2.2.2 2.2.4
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Group Collapsing from 107 to 17

Criticality Search Calculation*

Calculation of
Neutron Flux
Adjoint Neutron Flux
Eigenvalue
Adjoint Eigenvalue

TWODANT

SRAC (PEACO  ANISN)

Calculation of Kinetic Parameters

Eqs. from 2.2.2 through 2.2.5

*Not executed for the infinity system 

Fig.2-3 Calculation flow of the kinetic parameters 
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Table 2-10  Structure of 17 energy groups 

Energy Range (eV) 
GROUP

Upper Lower 

1 1.00E+07 4.72E+06

2 4.72E+06 1.74E+06

3 1.74E+06 1.05E+06

4 1.05E+06 4.98E+05

5 4.98E+05 2.35E+05

6 2.35E+05 1.11E+05

7 1.11E+05 1.93E+04

8 1.93E+04 9.61E+02

9 9.61E+02 4.79E+01

10 4.79E+01 2.38E+00

11 2.38E+00 8.76E-01

12 8.76E-01 4.14E-01

13 4.14E-01 2.77E-01

14 2.77E-01 1.67E-01

15 1.67E-01 8.53E-02

16 8.53E-02 3.06E-02

17 3.06E-02 1.00E-05
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2.2.5

keff TWODANT

eff

eff

k
k 1

2.5

3.

3.1 MOX
Table3-1 3-6 MOX

Fig.3- 3-2 200 cm 2.5 g/cm3 MOX
H/(U+Pu) PuO2

(a) (d)
Fig.3-1(a) Fig.3-2(a) H/(U+Pu) PuO2

H/(U+Pu) PuO2

PuO2

Fig.3-1(b) Fig.3-2(b)
H/(U+Pu) 1.0 H/(U+Pu)

H/(U+Pu) 
PuO2 H/(U+Pu)
238U

Fig.3-1(c) Fig.3-2(c) H/(U+Pu)
PuO2 PuO2

H/(U+Pu)
PuO2 PuO2 H/(U+Pu)

Fig.3-1(d) Fig.3-2(d) H/(U+Pu)
PuO2

12) 
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Fig.3-3 3-4 200 cm MOX
MOX Fig.3-3 H/(U+Pu)=0.1

Fig.3-4 PuO2 12.5 wt% Fig.3-4
5.5 g/cm3, H/(U+Pu)=5.0 MOX 5.5 g/cm3

H/(U+Pu)=2.5 Fig.3-1, 3-2 Fig.3-3, 3-4
(a) (d)

Fig.3-3(a), Fig.3-4(a) PuO2 H/(U+Pu)
MOX

Fig.3-3(b), Fig.3-4(b) Fig.3-3(d),
Fig.3-4(d)

MOX
Fig.3-3(c), Fig.3-4(c) H/(U+Pu)

Fig.3-5 3-6 2.5 g/cm3 MOX
Fig.3-5 H/(U+Pu)=0.1 Fig.3-6

PuO2 12.5 wt% Fig.3-1, 3-2
Fig.3-3, 3-4 Fig.3-5, 3-6 (a) (d)

Fig.3-5 3-6

Table3-7 3-8 MOX
Fig.3-7, 3-8

H/(U+Pu) PuO2 Fig.3-7, 3-8 (a) (d)

Fig.3-7 (a) Fig.3-8(a) H/(U+Pu)
PuO2 PuO2 H/(U+Pu)

H/(U+Pu)

H/(U+Pu) PuO2
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Fig.3-1 Relation between kinetic parameters and H/(U+Pu) of MOX powder 
(MOX powder density: 2.5 g/cm3, cylinder height: 200 cm) 
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Fig.3-2 Relation between kinetic parameters fuel and PuO2 enrichment of MOX powder 
(MOX powder density: 2.5 g/cm3, cylinder height: 200 cm) 
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Fig.3-3 Relation between kinetic parameters and density of MOX powder 
(H/(U+Pu): 0.1, cylinder height: 200 cm) 
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Fig.3-4 Relation between kinetic parameters and density of MOX powder 
(PuO2 enrichment: 12.5 wt%, cylinder height: 200 cm) 
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Fig.3-5 Relation between kinetic parameters and fuel height of MOX powder 
 (MOX powder density: 2.5 g/cm3, H/(U+Pu): 0.1) 
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(d) Temperature coefficient of reactivity 

Fig.3-6 Relation between kinetic parameters and fuel height of MOX powder 
 (MOX powder density: 2.5 g/cm3, PuO2 enrichment: 12.5 wt%) 
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(d) Temperature coefficient of reactivity 

Fig.3-7 Relation between kinetic parameters and H/(U+Pu) of MOX powder 
(Infinite model, MOX powder density: 3.5 g/cm3)
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Fig.3-8 Relation between kinetic parameters and PuO2 enrichment of MOX powder 
(Infinite model, MOX powder density: 3.5 g/cm3)
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3.2
Table3-9 Table2-8

Fig.3-9 21 , 55
Fig.3-9(a)

55
21

13)

Fig.3-9(b)

Fig.3-9(c)

Fig.3-9(d)

14.1, 14.5, 15.0 g/l 19 g/l
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(c) Prompt neutron lifetime 
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(d) Temperature coefficient of reactivity 

Fig.3-9 Relation between kinetic parameters and plutonium concentration  
of plutonium nitrate solution 
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4.

3 Table2-10 17
17

107 17

3.1 MOX
200 cm, 5.5 g/cm3

Table4-1 107
Fig.4-1 PuO2 12.5 wt% 17 107

H/(U+Pu) Table4-2 17
107 17

Table4-2 0.3%
0.6% 0.1%

3.8% 1.5%

17 107

H/(U+Pu)
Fig.4-2 Fig.4-2 PuO2

PuO2 107
PuO2 107

PuO2 30 wt%
H/(U+Pu) H/(U+Pu) 0.4

0.4
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Table 4-1 Structure of 107 energy groups 
Group Group

1 1.00E+07 7.79E+06 55 1.37E+01 1.07E+01
2 7.79E+06 6.07E+06 56 1.07E+01 8.32E+00
3 6.07E+06 4.72E+06 57 8.32E+00 6.48E+00
4 4.72E+06 3.68E+06 58 6.48E+00 5.04E+00
5 3.68E+06 2.87E+06 59 5.04E+00 3.93E+00
6 2.87E+06 2.23E+06 60 3.93E+00 3.06E+00
7 2.23E+06 1.74E+06 61 3.06E+00 2.38E+00
8 1.74E+06 1.35E+06 62 2.38E+00 1.86E+00
9 1.35E+06 1.05E+06 63 1.86E+00 1.64E+00
10 1.05E+06 8.21E+05 64 1.64E+00 1.45E+00
11 8.21E+05 6.39E+05 65 1.45E+00 1.28E+00
12 6.39E+05 4.98E+05 66 1.28E+00 1.13E+00
13 4.98E+05 3.88E+05 67 1.13E+00 9.93E-01
14 3.88E+05 3.02E+05 68 9.93E-01 8.76E-01
15 3.02E+05 2.35E+05 69 8.76E-01 7.73E-01
16 2.35E+05 1.83E+05 70 7.73E-01 6.83E-01
17 1.83E+05 1.43E+05 71 6.83E-01 6.02E-01
18 1.43E+05 1.11E+05 72 6.02E-01 5.32E-01
19 1.11E+05 8.65E+04 73 5.32E-01 4.69E-01
20 8.65E+04 6.74E+04 74 4.69E-01 4.14E-01
21 6.74E+04 5.25E+04 75 4.14E-01 3.89E-01
22 5.25E+04 4.09E+04 76 3.89E-01 3.65E-01
23 4.09E+04 3.18E+04 77 3.65E-01 3.42E-01
24 3.18E+04 2.48E+04 78 3.42E-01 3.20E-01
25 2.48E+04 1.93E+04 79 3.20E-01 2.98E-01
26 1.93E+04 1.50E+04 80 2.98E-01 2.77E-01
27 1.50E+04 1.17E+04 81 2.77E-01 2.57E-01
28 1.17E+04 9.12E+03 82 2.57E-01 2.37E-01
29 9.12E+03 7.10E+03 83 2.37E-01 2.19E-01
30 7.10E+03 5.53E+03 84 2.19E-01 2.01E-01
31 5.53E+03 4.31E+03 85 2.01E-01 1.84E-01
32 4.31E+03 3.35E+03 86 1.84E-01 1.67E-01
33 3.35E+03 2.61E+03 87 1.67E-01 1.52E-01
34 2.61E+03 2.03E+03 88 1.52E-01 1.37E-01
35 2.03E+03 1.58E+03 89 1.37E-01 1.23E-01
36 1.58E+03 1.23E+03 90 1.23E-01 1.10E-01
37 1.23E+03 9.61E+02 91 1.10E-01 9.71E-02
38 9.61E+02 7.49E+02 92 9.71E-02 8.53E-02
39 7.49E+02 5.83E+02 93 8.53E-02 7.43E-02
40 5.83E+02 4.54E+02 94 7.43E-02 6.40E-02
41 4.54E+02 3.54E+02 95 6.40E-02 5.45E-02
42 3.54E+02 2.75E+02 96 5.45E-02 4.58E-02
43 2.75E+02 2.14E+02 97 4.58E-02 3.78E-02
44 2.14E+02 1.67E+02 98 3.78E-02 3.06E-02
45 1.67E+02 1.30E+02 99 3.06E-02 2.42E-02
46 1.30E+02 1.01E+02 100 2.42E-02 1.85E-02
47 1.01E+02 7.89E+01 101 1.85E-02 1.35E-02
48 7.89E+01 6.14E+01 102 1.35E-02 9.38E-03
49 6.14E+01 4.79E+01 103 9.38E-03 5.98E-03
50 4.79E+01 3.73E+01 104 5.98E-03 3.34E-03
51 3.73E+01 2.90E+01 105 3.34E-03 1.47E-03
52 2.90E+01 2.26E+01 106 1.47E-03 3.52E-04
53 2.26E+01 1.76E+01 107 3.52E-04 1.00E-05
54 1.76E+01 1.37E+01

Energy Range (eV)Energy Range (eV)
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(d) Temperature coefficient of reactivity 

Fig.4-1 Relation between kinetic parameters and H/(U+Pu) of MOX powder 
 obtained from 17 energy group and 107 energy group 

(MOX powder density: 5.5 g/cm3, PuO2 enrichment: 12.5 wt%, cylinder height: 200 cm) 
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Fig.4-2 Difference of prompt neutron lifetime between  
107 energy group and 17 energy group 

(MOX powder density: 5.5 g/cm3, cylinder height: 200 cm) 
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