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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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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

Cylinder tank with 76 cm
Type .
diameter of APPARATUS-B
Materials of wall Stainless
) Side and bottom : 0.3 cm,
Wall thickness
Top :5cm
Height of fuel Critical height
Side : 22.0 cm
Thickness of water reflector
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/cm’] Calculated from SST eq.""
Nitric acid [mol/1] 1.01

Isotopic composition of plutonium
0.1936/76.8064/20.7779/

[Wt%]
1.1203/1.1018
(Pu-238/239/240/241/242)
Temperature [C] 21,25,40,55




JAEA-Data/Code 2009-006

LO-HET8Y'S | LO-HSLOS'S | SO-HSTYO'1 | SO-H8698°E | 80-HESO6L'6 | ¥O-HSS60'8 | TO-HOYOY'€ | TO-HTEBE'9 | 08701 0,5§

LO-HET8Y'S | LO-HSLOS'S | SO-HSTYO'T | SO-H8698°E | 80-HESO6L'6 | ¥O-HSS60'8 | TO-HEOEY' € | TO-HLSEY'9 | 8SSO'I 0,07 18 0z
LO-HET8Y'S | LO-HSLOS'S | SO-HSTYO'L | SO-H8698°C | 80-HES6L'6 | ¥0-HSS60'8 | TO-HLISY' € | TO-HS8LY'O | TTI0'I 0,5¢C

LO-HET8Y'S | LO-HSLOS'S | SO-HSTYO'I | SO-H8698'C | 80-HES6L'6 | ¥0-HSS60'8 | TO-HI9SY € | TO-HESSY'O | LEIO'] 3,1¢C

LOHLITTY | LO-HIB6LY | 90-HL8IB'L | SO-HET06'C | 80-HSOVE'L | ¥O-HTTOS'L | TO-HOLO6E € | CO-HE66E9 | TOVO'L 0,5¢

LO-HLITTY | LO-HIB6LY | 90-HL8IB'L | SO-HET06'C | 80-HSOPE'L | ¥O-HTTOS'L | TO-HO6TTY'€ | CO-HIISYF9 | 08%70°1 3,0¥ .
LOHLITTY | LO-HIB6LY | 90-HL8IB'L | SO-HET06'C | 80-HSOPE'L | ¥O-HTTOS'L | TO-HOVYY'€ | CO-HTEOV'9 | €7SO°L 0,5¢C

LO-HLITTY | LO-HI86LY | 90-HL8IB'L | SO-HETO6'C | 80-HSOVE'L | ¥O-HTTOS'L | TO-H88¥¥'€ | CO-HO6TOS9 | LSSO'L J,1¢C

LO-HLYLO'E | LO-HT8SOY | 90-HI8SS'L | SO-H9S08'C | 80-HIIOI'L | ¥O-HOIYS'L | TO-HE96E € | CO-H600¥'9 | S6£0°1 0,5§

LO-HLYLO'E | LO-HT8SOY | 90-HI8SS'L | SO-HOS08°C | 80-HIIOI'L | ¥O-HOIYS'L | TO-HTTTY'€ | CO-HITSY'9 | TLYO'L 2,0% B
LO-HLYLO'E | LO-HT8SOY | 90-HI8SS'L | SO-HOS08°C | 80-HIIOI'L | ¥O-HOIYS'L | TO-HTEVY'€ | CO-HLYOY'9 | SESOL 0,5¢C

LO-HLYLO'E | LO-HT8SOY | 90-HI8SS'L | SO-HISO8'C | 80-HIIOI'L | ¥O-HOIYS'L | TO-HO8YY'E€ | TO-HEVOS'9 | 6¥SO'I 31T

LO-H0S98°€ | LO-HEIPO'E | 90-HI6VE'L | SO-HTBTL'C | 80-HLS06'9 | ¥0-HIIOS'L | TO-HLS6E'E€ | TO-HTTOY'9 | 88¢0'I 0,5¢

LO-H0S98°€ | LO-HEIPO'E | 90-HO6VE'L | SO-HTBTL'C | 80-HLS06'9 | ¥0-HIIOS'L | TO-HIITY'E | TO-HO6ESY'9 | 99¥0'I 0,07 B
LO-HO0S98°¢ | LO-HEOYO'C | 90-HO6VE'L | SO-HTBCL'C | 80-HLS06'9 | ¥O-HIIOS'L | TO-HICKY'€ | CO-HO6S6Y'9 | 8CSO'L 0,5¢C

L0-H0S98°€ | LO-HEIPO'E | 90-H96VE L | SO-HTYTL'T | 80-HLS06'9 | ¥0-HIIO0S'L | TO-HYLYY € | TO-HSSOS9 | €¥SO'1 o,1¢

yend Iyc-nd Ovc-nd 6¢cnd 8¢end N (0] H Liore] uonenuaduo))
Aisuag | eaerodwa],
wnruon|g
[(wo/swore (1] ANsua(q JoquInN woyy uonnjos

(/mdS80°0% ‘0°ST ‘G'FT ‘T'H1 ST UOIJRIFUSOUOD WNIUOIN[J)

uornjos wintuojnyd Jo SOI}ISUSP IoqUINU JTWOTY  G-G O[qR],



JAEA-Data/Code 2009-006

2.2 FHEIIE
2.2.1 #HHETFIE

B NT A —Z OB HIZIE, SRACDE TWODANTODMAA OEEMHEH L, BT
— %7477 V21X JENDL-3.39 % [l L7z, Bt T A — X 3 HE Ot % Fig. 2-3
(R N

FHRTIE. BANC SRAC A LT 17 B g 4 E T %, SRAC Tix, &
JREHRE CHGEMBEILISGEIRIC SV C PEACO % U ClifZeme kit 2 90E L C 107
BEOFERErmFE 2 F M L, RIS EAAEHE CIXEERG R TR U7 F2 207 i i 2 68
ML TANISN (X% Sn 35 A9 LT 17 BE~ET 5, AR MOX AR K&
TV k=T AKEROFHRE TIEMFEET V&2, MOX B3R O BEERIA R T 7 /LTI i H3
BT ST D MRS T T L2 L7-, SRAC DOFETHA L7477 VIcix, &
fign 4 b & SRACLIB-JDL33 Zffif L. K#ED S(e, B)IZIZ ENDF/B-VIZfEH L, &
VZFLURFBEOLOEMH L, Z2d, @WpoBrmfEicix JEF-3.0 2@ H L7,
ANISN % L7- Sn 35 TIX, Sn &2k 8, PLKEUL 1 25%E L7o, 17 BEWTiRIfE
DO TRV X RS A Table2-10 (2R3,

WIZ SRAC TR U7 17 BEWr a2 (5 L, TWODANT &5 Tl — 7 % Fhi
L CHER AR ORE S 2RET D, RV —F 55 CIIHFE AR MOX ¥R T i
P&, M7V =0 LKERCIEERAR I AR T 5, 2L T, ZORH LER
2k LT, FFOYSRAC % 5205 L C 17 W 2 /ER T 5, 7eds, MERRMR MOX By
OFFE T, RV —FFHITFEM L7272, SRAC OFEMIC XS 2 [ H oW
FEOB LN E L 72\,

WICHE U7 17 BT AS 2 L. TWODANT FHEIC X % 2k IC Sn#HEIC LY |
[ A7 I G e VB B A R A FE i 9 5, TWODANT FHHEICH T 5 &k
TWODANT TH I U7z PR OBEFE P PR A LT 2.2.2~2.2.4 TR T3
FEMAT 52 & T BRI A—F ERHT 5,



JAEA-Data/Code 2009-006

SRAC (PEACO + ANISN)

Group Collapsing from 107 to 17

TWODANT

Criticality Search Calculation*

|

* Neutron Flux
* Adjoint Neutron Flux
* Eigenvalue

|

I

1

I

|

I

|

I | Calculation of
I

1

I

|

I

: * Adjoint Eigenvalue
|

*Not executed for the infinity system

Fig.2-3 Calculation flow of the kinetic parameters



JAEA-Data/Code 2009-006

Table 2-10 Structure of 17 energy groups

GROUP Energy Range (eV)

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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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+Puw): 0.1, cylinder height: 200 cm)




JAEA-Data/Code 2009-006

200 0.006
—e— H/X=0.1
—a—H/X=1.0 0.005
e 150 —— H/X=5.0 = = -
9, —o— H/X=void free 0.004 3;0/0
E -
5100 | 20003 |
f —e— H/X=0.1
8 0.002 | —a—H/X=1.0
© 0.001 —o— H/X=void free
0 ‘ 0.000
2 3 4 5 6 2 3 4 5
MOX density [g/cr’ ] MOX density [g/em’ ]
(a) Critical radius (b) Effective delayed neutron fraction
5.0E-06 0.0
—e— H/X=0.1
—a—H/X=1.0
4.0E-06 r —e— H/X=5.0 -1.0 o ———————
—o— H/X=void free A " _ a

3.0E-06 |

7/

—e— H/X=0.1
——H/X=1.0
—e—H/X=5.0
—o— H/X=void free

1
»
(e

2.0E-06 | ‘\\
1.0E-06

Prompt Neutron Lifetime [s] .
Temperature Coefficient of
Reactivity [cent/K]
NS
(e

0.0E+00 -4.0 ‘ ‘
2 3 4 5 6 2 3 4 5
MOX density [g/cm’ ] MOX density [g/cm’ ]
(c) Prompt neutron lifetime (d) Temperature coefficient of reactivity

Fig.3-4 Relation between kinetic parameters and density of MOX powder
(PuOz enrichment: 12.5 wt%, cylinder height: 200 cm)



Critical Radius [cm]

Prompt Neutron Lifetime [s] .

250

JAEA-Data/Code 2009-006

200 |

150 r

100 r

W
S
T

0

—e— PuO2 enr. 12.5wt%
—A— PuO2 enr. 18wt%
—e— PuO2 enr. 30wt%
—o— PuO2 enr. 100wt%

100

5.0E-06

4.0E-06

3.0E-06

2.0E-06

1.0E-06

0.0E+00

200 300 400

Fuel Height [cm]

(a) Critical radius

—e—PuO2 enr. 12.5wt%
—&— PuO2 enr. 18wt%
—e— PuO2 enr. 30wt%
—0— PuO2 enr. 100wt%

S

100

200 300 400
Fuel Height [cm]

(c) Prompt neutron lifetime

0.006

0.005

0.004

0.003

Beft

0.002

0.001

0.000

100

(b) Effective delayed neutron fraction

0.0

—_
o

Temperature Coefficient of
Reactivity [cent/K]
. N
o =

-4.0

o——o0—o0

—e— PuO2 enr. 12.5wt%
—a— PuO2 enr. 18wt%
—&— PuO2 enr. 30wt%
—0— PuO2 enr. 100wt%

200 300 400

Fuel Height [cm]

500

———3—3

A A —A
*——o— 0

—e— PuO2 enr. 12.5wt%
—4a— PuO2 enr. 18wt%
—&— PuO2 enr. 30wt%
—0— PuO2 enr. 100wt%

200 300 400
Fuel Height [cm]

500

(d) Temperature coefficient of reactivity

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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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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Fig.3-7 Relation between kinetic parameters and H/(U+Pu) of MOX powder
(Infinite model, MOX powder density: 3.5 g/cms3)



kint

Prompt Neutron Lifetime [s].

JAEA-Data/Code 2009-006

25

L5

1 -

0.5 r

0

—e— H/X=0.1
—a—H/X=1.0
—e— H/X=5.0
—o— H/X=void free

10

PuO, enrichment [wt%]

(a) Infinite multiplication factor

5.0E-06

4.0E-06

3.0E-06

2.0E-06

1.0E-06

0.0E+00

100

—e— H/X=0.1
—a—H/X=1.0
—o— H/X=5.0
—0— H/X=void free

Temperature Coefficient of

PuO, enrichment [wt%]

(c) Prompt neutron lifetime

100

/

—e— H/X=0.1
—a—H/X=1.0
—e— H/X=5.0
—o— H/X=void free

100

PuO, enrichment [wt%]

(b) Effective delayed neutron fraction

0.0

)

Reactivity [cent/K]
NS
(e

o
o

4.0

—e— H/X=0.1
—a— H/X=1.0
—e— H/X=5.0

—o— H/X=void free

100

PuO, enrichment [wt%]

(d) Temperature coefficient of reactivity

Fig.3-8 Relation between kinetic parameters and PuOsz enrichment of MOX powder
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Fig.3-9 Relation between kinetic parameters and plutonium concentration
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Table 4-1 Structure of 107 energy groups

Group  Energy Range (eV) Group  Energy Range (eV)

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 648E+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 238E+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 145E+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 431E+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
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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)




