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ABSTRACT 

A recently appeared generation of design-oriented methods, which allows to compute the space and 
energy dependence of the resonant absorption inside the fuel rod, induces a new problem of validation of 
results obtained with improved resonance treatments. Because no experimental results are available on the 
spatial and energy distribution of resonance absorption, detailed reference calculations were generated with 
the continuous-energy Monte Carlo and energy-pointwise slowing-down codes. The accuracy of these 
calculations depends on various influences. In this paper, an analysis of some influences, such as differences 
in nuclear data libraries and philosophy of reproducing the cross section data, is presented. Example 
application is given for a calculation benchmark that consists of the determination of resonance absorption 
by ^ U in typical PWR pin-cell geometry. 

1. INTRODUCTION 

With standard equivalence approaches,1'2 the real absorption rate of resonant nuclides can be obtained 
only for the fuel pin as a whole. A new generation of improved design-oriented methods, which allows to 
account for resonance interference in mixed absorbers and for spatial resonance interference between 
resonant absorbers in different geometrical locations,3'5 induces a new problem to qualify these methods, 
every time when physical phenomenons must be investigated.6 The Monte Carlo method with continuous-
energy representation of the cross section data in the resolved resonance energy range is a very efficient tool 
to provide reference calculations. On the other hand, the accuracy of these calculations depends on some 
influences such as differences in nuclear data libraries, methods used in the preparation of shortened or 
thinned cross section libraries for Monte Carlo codes and number of histories in Monte Carlo calculation. 
The purpose of this paper is to examine the uncertainties of continuous-energy Monte Carlo MCNP code7 

(Version 4A) introduced by these influences and provide Monte Carlo results for the validation of the 
energy-pointwise slowing-down CESD/VEGA-2 code.8 This examination is carried out for benchmark 
calculations on resonance absorption by 38U in typical PWR pin-cell geometry. Presented results constitute 
a set of reference values that can be used to validate the improved self-shielding methods in problems 
influenced strongly by neutron transport through the resolved resonance region. 

2. REFERENCE RESONANCE CALCULATIONS 
The MCNP results are used to validate the cell/assembly slowing-down code CESD/VEGA-2. based 

on energy-point wise cross section data and integral transport theory in the first-flight collision probability 
formulation. Both, the continuous-energy Monte Carlo and energy-pointwise slowing-down calculations are 
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done for the square cell with specular reflection at the boundaries. These boundary conditions are introduced 
in the CESĐ/VEGA-2 code by continuing to track the rays past the outer boundary and into the "image" 
region(s). Neutrons are considered to originate only in the actual regions but allowed to collide in both the 
actual and image regions, so that the track probabilities can be accumulated correctly in the region 
probability matrices. Ray tracing is stopped when the neutrons reach the outer boundary of the image regions 
(which is treated as black). 

For comparison between different methods, Tellier et al.6 have defined a benchmark for calculation 
of the resonance absorption by 23SU in typical PWK pin-cell geometry. To avoid the interference among 
resonances of several nuclides, only one resonant nuclide was considered inside the fuel rod, which is 
2MU02. For the same reason, aluminum as a cladding material without resonance below 3.5 keV was chosen. 
A problem to be studied is a subcritical case with a time-independent neutron source, which is defined as 
a lethargy-independent source between 2.24867 keV and 3.35463 keV. The neutrons are uniformly and 
isotropically emitted in the whole moderator. To remove the effect of transients in different computer codes, 
the resonance absorption on ZJ8U is calculated from 2.76792 eV to 1.50733 keV and normalized so that the 
neutron slowing-down at 1.50733 keV is equal to the moderator volume. 

The essential component of the codes used in these calculations is a correct set of "neutron* cross 
section data. Therefore, the examination of influence of various evaluations of nuclear data is important, 
because of the spread in the 233U capture cross section. In this paper a comparison of various modern 
evaluated nuclear data with the recommended set of resonance parameters,9 which is now included in the 
^ U evaluations contained in ENDF/B-VI (Revision 2) and JEF2.2, is presented. The cross section data are 
reconstructed from resonance parameters within the tolerance TR and Doppler broadened at a temperature 
of 300 K (and thinned in parallel) to various tolerances TB by using the PREPRO-89 nuclear data processing 
system.10 The results of this analysis are given in Table I. For each MCNP run, 6 million neutron histories 
were taken into account. In this way, a statistical uncertainty of — 0.08% for the total absorption (A) of 
^ U is obtained. When the influence of this uncertainty on the effective multiplication factor is estimated 
(according to Ak/k*=Ap/p, where the escape probability p is simply 1-A), one gets a value of —20 pcm. 

Table I. Monte Carlo Calculations of Resonance Absorption by ^ U in the Square 
Cell (from 2.76792 eV to 1.50733 keV) for Various Modern Evaluated Nuclear Data 

Evaluation 

ENDF/B-IV Rev.-Jun. 75 

ENDF/B-V Rev.3-Mar.79 

ENDF/B-VI Rev.2-Jan.93 

JENDL3.2 Rev.2-Mar.94 

BROND-2Rev.l-Jan.90 

Resonance 
Parameters 

SLBW 

MLBW 

Reich-Moore 

Reich-Moore 

MLBW 

Tolerances 
TR/TB 

0.001/0.005 

0.001/0.005 

0.01/0.01 

0.01/0.01 

0.001/0.005 

Total 
absorption 

0.198186 

0.193089 

0.194765 

0.194777 

0.193217 

4A/A 

1.53 

-0.86 

0.00 

0.01 

-0.79 

Ap/p 
(pcm) 

-424.8 

208.2 

0.0 

-1.5 

192.2 

Additional calculations are carried out by the MCNP code for ENDF/B-IV and -V evaluations using 
NJOY (Version 6/83) nuclear data processing system." Difference between results for the MCNP libraries, 
generated by the PREPRO and NJOY codes for the same tolerances, is about 50 pcm, which is small. 

It is also important to examine the influence of various cross section data libraries produced from even 
one evaluation, because of the resonance reconstruction and thinning tolerances. The results of an analysis 
of the thinned tolerances influence on the MCNP and CESD/VEGA-2 calculations for the resonance 
absorption by :XU are given in Table II. Both calculations are carried out by using the same cross section 
data, reconstructed from ENDF/B-IV resonance parameters within the tolerance of 0.001 and Doppler 
broadened and thinned at 300 K within various tolerances from 0.001 to 0.1 with NJOY code. Each of these 
thinned cross section sets is then processed into a single ACE format for the MCNP and into 40000 ultrafine 
energy groups for CESD/VEGA-2 calculation. In CESD/VEGA-2 calculations, the fuel pin is divided into 
ten concentric regions of equal volume. The moderator is divided in two regions. It can be seen that use of 
the thinned tolerances that are greater than 0.02 leads to quite large differences in a reactivity calculation. 
The total difference between MCNP and CESD/VEGA-2 calculations is -0.08% of the total absorption. 
This leads to the difference in a reactivity calculation of 20 pcm, which is quite small. 
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Table II. Monte Carlo and Slowing-Down Calculations of the Total Resonance 
Absorption by m\J in Square Cell as a Function of the Thinning Tolerance 

Thinning 
Tolerance 

(TB) 

0.001-
0.005 
0.010 
0.015 
0.020 
0.050 
0.100 

MCNP 

Total Absorption 

0.197751 ±0.000158 

0.19810O±0.OO0158 

0.200930+0.000160 

Ap/p 
(pcm) 

0.0 

^3.5 

-396.3 

CESD/VEGA-2 

Total Absorption 

0.197770 
0.197890/ 
0.198050 
0.198240 
0.198420 
0.199470 
0.201080 

Ap/p 
(pcm) 

14.6 
0.0 

-20.4 
^3.2 
-65.8 

-196.0 
-396.0 

3. CONCLUSION 

Very accurate calculations with continuous-energy Monte Carlo code MCNP are carried out to serve 
as a reference for benchmark computation of the resonance absorption by ^U . The comparison with the 
energy-pointwise slowing-down CESD/VEGA-2 calculations shows that the CESD/VEGA-2 code is an 
accurate deterministic code for computations of the resonance absorption in typical PWR pin-cell geometry. 
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