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Effect of 0.3eV Resonance Cross Section for Plutonium
on Coolant Void Reactivity in Heavy Water Lattice

Yasuki Kowata ' and Nobuo Fukumura™

Abstract

Plutonium fuel could be utilized in the entire core of heavy water moderated, boiling light water
cooled pressure-tube-type reactor (HWR). The void reactivity, however, depends on the various
parameters of the lattice. It is especially significant to clarify the influence of plutonium nuclides on
the void reactivity. |

The void reactivities in the infinite HWR lattices have been parametrically analyzed to clarify the
influences of changes in the lattice parameters on the void reactivity using the WIMS-D4 code with
the JENDL-3.1 nuclear data. In this lattice calculation , it has been known that the behavior of the
void reactivity can be made clear by separating the components for fuel nuclides, neutron cross
sections, energy group and regions in lattice cell from the void reactivity using the important
reaction rates.

If the macroscopic 2200m/s neutron absorption cross section of fuel is identical each other, it
has been shown that the void reactivity of the HWR lattice shifts further to the negative side in the
narrower pitch lattice, and in the plutonium lattice than in the uranium lattice. The effect reducing |
the void reactivity to the negative by plutonium is caused mainly by the presence of the resonance
cross section at around 0.3eV of ?’Pu. Because the higher the content of *°Pu is, the less the
recovery effect of neutron density within the resonance energy due to decrease in the thermal
neutron scattering of hydrogen is with increase in coolant void fraction, so that the decreased

resonance fission rate for *’Pu contributes to the more negative side for the void reactivity.

% 1  Advanced Technology Division, Frontier Technology

% 2 Fugen Nuclear Power Station
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TABLET Nuclide Composition in Fuel for Void Reactivity Analyses

Fig.1. Cross-sectional view of 28-rod fuel assembly. Dimensions are given in
millimetres.

Fig.2. Comparison between caléulated and experimental values for Gy Of
0.87wt%(R)Pu0,-UO, cluster.

Fig.3. Intra-cell thermal neutron flux distribufion in 25.0cm pitch 0.87wt%(R)PuO,-UO,
lattice.

Fig.4. Components in fuel and coolant regions of void reactivity in 22.5cm pitch UOX
and MOX lattices.

Fig.5. Components in fuel and coolant regions of void reactivity in 25.0cm pitch UOX
and MOX lattices.

Fig.6. Absorption components of hydrogen in H,O coolant to void reactivity in 25.0cm
pitch lattice.

Fig.7. Intra-cell therm_al neutron flux distribution in 25.0cm pitch MOX(S) fuel lattice.
Fig.8. Contribution of fission and fuel absorption components to void reactivity in
22.5cm pitch MOX(S) fuel Iattice.

Fig.9. Contribution in 5th and 6th energy groups of fission component for each fissile
nuclide to void reactivity.

Fig.10. Thermal neutron spectrum in inner layer fuel rod of MOX(S) (= 0=0.35cm™)
lattice.

Fig.11. Contribution in 5th and 6th energy groups of absorption component for each

fissile nuclide to void reactivity.
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TABLE I Nuclide Composition in Fuel for Void Reactivity Analyses

PN 25U+Pu"™ Ingredient (wt%)
FUEL (cm™) (wt%) 2515 28;y '239Pu 240p unPu 242p,

0.20 0.88 0.7690 87.08 — - - —

0.25 1.19 1.047 86.80 — — - —

0.30 1.51 1.325 86.53 — - - —

[S[

(UOX) 0.35 1.82 1.603 86.25 — — - -

0.40 2.12 1.881 86.97 — — — -

0.45 2.46 2.159 85.69 — — — —

0.50 - 2.77 2.437 85.41 - - - -

0.20 0.82 0.6239 87.13 8.205E-02 | 2.751E-02 | 1.196E-02 | 3.804E-03
0.25 1.01 0.6223 86.90 2.300E-01 | 7.712E-02 | 3.351E-02 | 1.066E-02
Pu0,-UO, 0.30 1.20 0.6207 86.67 3.779E-01 | 1.267E-01 | 5.507E-02 | 1.752E-02
(MOX(R)) 0.35 1.39 0.6190 86.45 5.258E-01 | 1.763E-01 | 7.662E-02 | 2.438E-02
0.40 1.58 0.6174 86.22 6.737E-01 | 2.259E-01 | 9.818E-02 | 3.124E-02
0.45 1.77 0.6158 85.99 8.217E-01 | 2.755E-01 | 1.197E-01 | 3.810E-02
0.50 1.96 0.6141 85.76 9.696E-01 | 3.251E-01 | 1.413E-01 { 4.496E-02
0.20 0.83 0.6240 87.14 1.081E-01 | 1.034E-02 | 1.095E-03 | 7.700E-05
0.25 1.05 0.6225 86.93 2.940E-01 | 2.811E-02 | 2.980E-03 | 2.080E-04
Pu0,-UO, 0.30 1.26 0.6211 86.73 4.798E-01 | 4.588E-02 | 4.860E-03 | 3.400E-04
(MOX(S)) 0.35 1.47 0.6196 86.52 6.657E-01 | 6.365E-02 | 6.740E-03 | 4.700E-04
0.40 1.68 0.6181 86.32 8.516E-01 | 8.142E-02 | 8.620E-03 | 6.000E-04
0.45 1.89 0.6167 86.12 1.037E+00 | 9.920E-02 | 1.051E-02 | 7.000E-04
0.50 2.11 0.6152 85.91 1.223E+00 | 1.170E-01 | 1.239E-02 | 8.700E-04
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Calandria Tube (Aluminum)

Air Gap

Pressure Tube (Aluminum)

|~ Cladding (Zircaloy-2 for PuQ, -UO,,
F_. Aluminum for UO, )

L—— Fuel Pellet

. ’/

L~ Coolant (H,0 or Air)

Fig. 1. Cross-sectional view of 28-rod fuel assembly.
Dimensions are given in millimetres.
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Fig. 3. Intra-cell thermal neutron flux distribution in
25.0cm pitch 0.87‘wt°/o(R)Pu02-UO2 lattice.
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Fig.4 Components in fuel and coolant regions of void réactivity in
22.5¢cm pitch UOX and MOX fuel lattices.
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Fig. 5. Components in fuel and coolant regions of void reactivity in

25.0cm pitch UOX and MOX fuel lattices.
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Fig. 9. Contribution in 5th and 6th energy groups of fission
component for each fissile nuclide to void reactivity.
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Fig. 11. Contribution in 5th and 6th energy groups of absorption
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