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Abstract 
In this report the results are presented of GODIVA benchmark calculations. The 
calculations were performed with MCNP4A. JEF-2.2 based cross section data 
were taken from the EJ2-MCNP library. 

Tabulated groupwise reaction rates, leakage data, central fission ratios and central 
activation ratios are given. 

An indication is found for a too high value of qc.,n for 235U. 
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1. INTRODUCTION 

In this report the results are presented of the GODIVA benchmark calculation, as 
dehnedintheCSEWGBenchmarkBook[l]. TheGODIVAbencbmarkconsistsof 
a homogeneous, bare (critical) sphere of enriched uranium metal. The benchmark 
results can be used to validate *% and 238U cross-section data in the fission source 
energy range. 

The calculations were performed with the Monte Carlo code MCNP4A. JEF-2.2 
based cross section data were taken from the EJ2-MCNP library [2], as processed 
at ECN Petten. 

In chapter 2 a short description is given of the method used in the calculations. 

Tabulated groupwise reaction rates and spectral indices are given in chapter 3. 

A concise discussion of the results is given in chapter 4. 

Finally, in chapter 5 the conclusions resulting from this work are given. 
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ti 2. METHOD 

2.1 Geometry 
The GODIVA benchmark consists of a homogeneous, bare (critical) sphere of 
enriched uranium metal. The critical radius amounts to 8.741 cm. The fast 
spectrum prevailing in the sphere can be used to validate 23SU and z38U cross- 
section data in the fission source energy range. 

The simple geometrical model for this benchmark calculation was taken from [l]. 
The composition used in the calculations is given in table 2.1. 

0 

2.2 Cross sectidns 
m-2.2 based cross section data for all isotopes were taken from theEJ2-MCNP 
library [2], processed at ECN Petten. For the detetinationof measured activation 
ratios data for ‘?3 are required, which are not present on the m-2.2 evaluation. 
Therefore, these data were taken from the EFF-2.4 evaluation. 

Table 2.1 GODNA benchmark Composition of the homogeneousfuel sphere as used in 
the calculations. 
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3. RESULTS 

Required response parameters are given in [3]. They include kejf, reaction rates, 
leakage, spectral indices and activation ratios. Reaction rates and cross sections 
were calculated in the 4-group structure as given in [3] (see table 3.1). 

In this chapter tables with calculated results are presented. Values are given with 
relative percentage errors. Reaction rates (normalised per absorbed neutron) are 
given in table 3.2. The leakage spectrum (normalised per fission neutron) is 
given in table 3.3. Experimental and calculated values of central fission ratios are 
given in table 3.4. In table 3.5 the experimental and calculated values of central 
activation ratios are given. The experimental data were taken from [l]. 

Due to the small size of the fuel sphere, the central region in which the magnitude 
of the neutron flux is constant, is only small. In this study central fission rates and 
cennal activation ratios were determined in a sphere with a radius of 0.5 cm. 

Table 3.1 Energy group structure usedfor the representation of the calculated ?esults. 

group %row (eV) E,,QA (ev) 
0 l.OOOOE+7 2.OOOOE+7 
1 2.2313E+6 l.OOOOE+7 
2 497.87E+3 2.2313E+6 
3 l.OOOOE-5 497.87E+3 

Table 3.2 GODNA benchmark Group reaction rates in fuel sphere. The data are 
noma~isedper absorbed neutron 

d‘fission 

2.29322E+OOf 0.03 
5.40291E-03* 1.36 
5.55163E-01 f0.08 
1.037218+00~0.05 
6.95445E-01* 0.08 

2.25036E-02+ 0.06 
1.69794E-04+ 1.36 
L45928E-02* 0.09 
7.73606E-03zkO.10 
4.88591E-06f0.16 

638091E-05+ 1.36 
7.59448E-03+ 0.08 
1.16232E-02* 0.05 

8.84596E-01 * 0.03 
L33262E-03zk 1.36 
1.939018-Ol+ 0.08 
4.067608-01 l 0.05 
2.826058-Olc!zO.O8 

8.05075E-03f0.06 
4.18589E-05f 1.36 
5.04838E-03zkO.08 
2.95859E-03+ 0.10 
1.94539E-06zk 0.16 

7.671088-03 + 0.03 
,.64164E-05+ 1.36 
2.65395E-03 zk 0.08 
4.61057E-03f0.05 
3.90121E-04+0.11 

9.84352E-Ol* 0.03 
1.33404so3* 1.36 
,.9749OE-0, + 0.08 
4.42586E-Ol+ 0.05 
3.429418-01 zk 0.08 

,.16794E-02AO.04 
4.19072E-05f 1.36 
5.1764OE-03*0.08 
4.76851E-03f0.07 
16926OE-03* 0.09 

.80926E-04* 1.37 ,.4153lE-06* 1.37 

3.58257E-02f0.06 

9.40032E-03 * 0.03 
1.65212E-0511.36 
2.736168-03 + 0.08 
5.5363OE-03 z!z 0.05 
1.11134E-03+0.08 ! 1.80992E-03 + 0.06 

2.79125E-06* 1.38 ,.04783E-07* 1.36 
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are nomlisedperfission neutron. 

k., = 0.9947 z!z 0.03% 
I group 

total 
0 c 1 
2 
3 

I 

1 

leakage 

5.74462E-01 z!z 0.03 
7.20509E-04 f 1.57 
1.43617E-01 f 0.10 
2.87794E-01 f 0.06 
1.42331E-01 zt 0.08 

Table 3.3 GODNA benchmark Leakage spectrum at fuel sphere boundary. The data 

i 

Table 3.4 GODNA benchmark. Central.fssion ratios. Experimental data were taken 

ke,f = 0.9! zi ,7 + 0.03% 
exp. value 

1.647E-01 zt 1.09 
1.59OE+OO h 1.89 
8.37OE-01 & 1.55 
1.402E+OO f 1.78 

I 

1.538E+OO z!z 0.98 
8.097E-01 + 1.11 
1.393EfOO + 1.00 

CIE 
9.682E-01 z!z 1.75 
9.672E-01 & 2.13 
9.674E-01 f 1.91 

, 9.934E-01 f 2.04 

1 

Table 3.5 GODNA benchmark Central activation ratios. Experimental data were taken 
fromlll. 

kef, = 0.9947 
index exp. value I 

u<,&~MII)/~~(~~~U) 2.7OOE-03 f 7.41 

~~“(..,,Pco)/o,(235u 3.8OOE-02 + 7.89 

~~“,y,muqf(z3su) 1.170E-02 + 5.13 

o~~,y,(93Nb)/u,r(z35U) 3.OOOE-02 f 10.00 

~~~,~.,Y,(‘~‘A~)/~~(~~~U) l.OOOE-01 zt 2.00 

talc. value 
4.119E-03 f 1.36 
5.338E-03 f 1.30 
1.139E-02 zt 1.33 
3.341E-02 + 1.45 
9.358E-02 + 1 .ll I 
zt 0.03% 

CIE 
1.525E+OO f 7.53 
1.405E-01 zt 8.00 
9.733E-01 + 5.30 

l.l14E+OO h 10.10 
9.358E-01 i 2.29 

8 



0 

l 

4. DISCUSSION 

The calculated data presented in chapter 3 show that 

. the value of kaff is underpredicted by approximately 0.5% in calculations with 
JEF-2.2 data. This was already observed in several other GODIVA benchmark 
calculations. 

. the values of central fission ratios are systematically underpredicted by 1 to 
4%. This could indicate, that the fission cross section for *35U in the JEF-2.2 
evaluationis too high. The same observation was made inJEZEBEL benchmark 
calculations 141. 

. some experimental values of central activation ratios are reproduced, but 
a strong overprediction of q& “Mn) and a strong underprediction of 
u~&~CO) are observed. This agrees with other calculations (see e.g. [51). 

The values of central reaction rates depend on the definition of the central region, 
because of small size of the critical system. More experimental information is 
needed for a better geometrical modelling of the system. 
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5. CONCLUSIONS 

In this report the results are presented of the GODIVA benchmark calculation. 
Calculations were performed with MCNP4A, using cross section data from the 
JEF-2.2 evaluation. Group cross section data and group reaction rates were 
generated in the group structure defined by Rowlands in [31. 

It is observed, that the value of keff is underpredicted by approximately 0.5% in 
calculations with JEF-2.2 data. 

Some indication is found for a too high value of the fission cross section for *?J 
on the JEF-2.2 evaluation. 
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