
V BENCHMARK TEST

Brief Report on the Testing Calculation
of the Fission Rate for the238U

Rong Jian

(China Nuclear Data Center, CIAE)

The fission rate, P{, for the 238U produced by a 14 MeV neutron source at the

center of a uranium mental is a very important factor of the fission system.

Several experiments were to measure the factor. In 1960's, a famous experiment

was made by J.W. Wealem in the Atomic Weapons Research Establishment of

British. The total neutron leakage and the reaction rate distributions were

measured for the 235U(n,f) , 238U(n,f), 238U(n, y) and 239Pu(n,f) in natural uranium

piles with density 16.3 g/cm3 and total weight up to 20 tons with 14 MeV neutrons.

Another experiment was made by Dr. Wang Dalun'21 in the 1980's in China

with a uranium-barren sphere of 51 cm in radius and a 14 MeV D-T neutron

source at the center .

The calculations for the Weale experiment were done by Haight'31, in which

a simplifying assumption was used. Several calculations'4'51 for these experiments

were also done in China, based on CENDL-2 and ENDF/B-6. The simplifying

model was used in these works too. But there are some differences in the

conclusions between the two experiments, and the calculation results are also not

agreed with each other. So it is necessary to do the further calculation.

In our calculation, Monte-Carlo method was applied and the newly released

data, CEND1-2.1 and ENDF/B-6.5, were used. The comparison between the

calculated results and experimental ones were made. The experiment facilities are

given in Table 1.

The formula to calculate the reaction rate is:

P*=NJA (1)
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Where the Nx is the total number of the x type reaction in the experiment facility,

and the A is the intensity of the neutron source.

In these experiments, the Nx can not be measured directly. Instead, the

distribution of the reaction rate^(r) was measured at first, and then the JVX can be

calculated as follows:

JJ (2)
0 0

where p is the density of the experiment material, R is the equivalent radius of

the experiment facility.

The code NJOY[6] was used to generate the ACE file from the ENDF file,

which was used in the Monte Carlo code for our calculations. The calculated

results are given in the Table 2.

Table 1 The experiment facilities:

Experiment

Weale

WANG Dalun
(China)

Radius / cm

58.077

51.0

Compositions / %
234U(0.0055)
23SU(0.7200)

23IU(99.2745)
234U(0.0034)
235U(0.4154)

23'U(0.003087)
238U(99.579)

Desinity / g/cm-1)

16.3

18.8

Table 2 The comparison between the calculations and the experiments

Experiment
Weale
british

WANG Dalun
(China)

Reaction ratios
235U(n,f)
M5U(n,y)
23»U(n,2n)
23«U(n,f)
238U(n,y)
Leakage
235U(n,f)
235U(n,y)
238U(n,2n)
238U(n,f)
238U(n,y)
Leakage

Experiments
0.281±0.017

-

0.277±0.008
1.1810.06
4.0810.24
0.4110.02

0.11510.052
-
-

0.89710.036
-

-

ENDF/B-VI

0.2570
0.05763
0.3792
1.0656
4.2727
0.3256
0.1407
0.03173
0.3782
1.0217
4.1160
0.2639

CENDL-2.1
0.2454
0.05654
0.3811
1.0266
4.1778
0.2898

0.1346
0.03113
0.3800
0.9867
4.0289
0.2366
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From Table 2, it can be seen that the calculated Px
u by using the two nuclear

data libraries are very close, but they are all not well agreed with the

experimental results. The they are all smaller than Weale's results and all larger

than the Wang's results. We think that the two nuclear data libraries are all

reliable, because they all have been tested with lots of benchmarks and

engineering calculations. The calculated method and results are also reliable,

because the two codes used in our calculation are used very popular in the world.

In general, there could be no such large different values between the calculations

and experiments. The measured results of two experiments are very different. It is

possible that the leakage from the system was overestimated in the Weale's

experiment, so the results are higher. And in the Wang's experiment, the leakage

of the system was neglected, so the results are lower. Maybe a new experiment

should be done to clarify the discrepance.
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