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Abstract

In general, nuclear reactors contain several heavy nuclides. That makes the neutron slowing down calculations more expensive

in computation time and in computer memory especially when the heavy nuclides number is large. This paper presents a simple

model to do these calculations with a significant reduction of both the computation time and the required computer memory.

Basically only one fictitious heavy nuclide: the ‘Equivalent Nuclide’ is used by the model instead of all the heavy actual nuclides.

The equivalent nuclide characteristics are directly obtained from those of the actual ones. The model.qualification has been done

for the continous-energy neutron slowing down in the energy interval (10K5 eV–2 MeV) at different temperatures 600, 900 and

1200 K. The model results are in good agreement with those obtained by direct calculations.

We have found that our model calculates the reactions rates with a high accuracy and save 50% of the computation time in the

case of 2 resonant nuclides and 90% for 8 resonant nuclides. The major advantage is the huge reduction of the required computation

memory.

q 2005 Elsevier Ltd. All rights reserved.

Keywords: neutron; neutron slowing down calculation; equivalent nuclide model

1. Introduction

A growing interest has been noticed for the neutron resonance absorption (Jehouani et al., 1992a; Reuss and Coste-

delacaux, 2003; Tellier et al., 1993) in reactor physics. The neutron slowing down calculation needs large

computation time and large computing memory when media contain many heavy nuclides. In fact more programming

effort and large machine memory are required to solve the neutron slowing down equation when the medium contains

many heavy nuclides. That is the case for all the practical cases where we are interested in estimating the mutual

shielding effect or in evaluating the group constants taking account of the shielding effects due to the presence of other

multiple resonance nuclides (Reuss, 1986). We propose here a simple model to do these calculations with a high

accuracy and a large reduction of a computation time. Basically only one fictitious resonant nuclide ‘Equivalent

nuclide’ is used to do the calculations instead of all actual resonant nuclides. The characteristics of this Equivalent

Nuclide are obtained from those of the heavy nuclides in medium.

The verification of the Equivalent Nuclide Model (ENM) is achieved by calculating the effective integral and

average cross section for absorption.

First we briefly present the Livolant–Jeanpierre formalism (Livolant and Jeanpierre, 1973) and the iterative

method (Jehouani et al., 1992b) to solve the neutron slowing down equation. Then we display the model,

its verification and applications for the neutron resonance absorption.
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2. Livolant–Jeanpierre formalism (Livolant and Jeanpierre, 1973)

For an infinite homogeneous media containing a heavy resonant nuclide (0) and a non-resonant light nuclide (1),

the neutron slowing down equation at the energy E is given by:

½S1ðEÞCS0ðEÞ�FðEÞ Z R0FðEÞCR1FðEÞ (1)

where:

Ri is the slowing down operator for nuclide i:

RiFðEÞ Z

ðE=ai

E

SsiðE
0/EÞFðE 0ÞdE 0; i Z 0; 1 (2)

and:

S0(E1), Sigma;1(E) are the total macroscopic cross sections.

Sigma;s0(E), Sigma;s1(E) are the scattering macroscopic cross sections.

F(E) is the neutron flux

a0Z ððA0K1Þ=ðA0C1ÞÞ2 and A0 is the mass number of resonant nuclide.

We assume that the flux F(E) may be factorized as:

FðEÞ Z 4ðEÞJðEÞ (3)

Where f(E) is the fine flux structure and J(E) is the macroscopic flux which is defined as:

JðEÞ Z
R1FðEÞ

Ss1ðEÞ
(4)

Since nuclide (0) has a short slowing down range, one can use the following approximation:

R0FðEÞ Z JðEÞR04ðEÞ (5)

substituting Eqs. (3) and (5) in Eq. (1) we obtain the fine structure equation:

½seðEÞCs0ðEÞ�4ðEÞ Z g1ðEÞseðEÞC
R0

N0

4ðEÞ (6)

where:

s0ðEÞZ
P

0ðEÞ=N0

s0ðEÞZ
P

1ðEÞ=N0 is the equivalent cross section

g1ðEÞZ
P

s1ðEÞ=
P

1ðEÞ

N0 is the resonant nuclide concentration

This formalism was generalized to include many resonant nuclides (Reuss, 1986).

3. Iterative method (Jehouani et al., 1992b)

The fine structure Eq. (6) may be written as:

½seðEÞCs0ðEÞ�4ðEÞ Z g1ðEÞseðEÞC

ðE=a0

E

ss0ðE
0/EÞ4ðE 0ÞdE 0 (7)

In order to solve this equation we evaluate the integral term, which is due to the slowed down neutrons by the

resonant nuclide. The iterative method estimates this quantity by using the following iterative process.

We put:

l0ðEÞ Z

ðE=a0

E

ss0ðE
0Þ4ðE 0Þ

1

ð1Ka0ÞE
0
dE 0 (8)
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