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Analysis of the Second ZEUS Critical Experiment

Russell D. Mosteller and Peter J. Jaegers

Los Alamos National Laboratory

The Zeus experiments have been designed to test the adequacy of 235U cross sections in

the intermediate energy range. The first Zeus experiment achieved initial criticality on April 26,

1999 with 10 HEU platters and 79 platters of graphite. The second experiment reached a critical

condition on October 24, 2000, with 9 HEU platters and 54 platters of graphite. The first

experiment, which has been described1 and analyzed2 previously, had a C/235U ratio of

approximately 52:1. The corresponding ratio for the second experiment was approximately 40:1.

This summary describes the analysis of the second Zeus critical experiment.

Both Zeus cores contain thin, circular platters of highly enriched uranium (HEU)

separated by similar platters of graphite. The cylindrical core is reflected by copper pieces

shaped to produce a rectangular exterior. The experiments were carried out on the Comet

vertical assembly machine. The upper part of the core is supported by a steel diaphragm, and

criticality is achieved by driving the lower part of the core up into the reflector until it reaches the

diaphragm.

The core for the second experiment contains nine HEU plates, each separated from its

nearest neighbors by six graphite plates. The graphite plates are circular, with an outer radius of

26.67 cm and an average thickness of slightly more than 1 cm. The circular HEU plates have

two components, an inner region with an outer radius of 19.05 cm and a tightly fitting outer

annulus with an outer radius of 26.67 cm. The HEU plates are slightly less than 0.3 cm thick. A

schematic of this configuration is shown in Figure 1.



This configuration was slightly supercritical, with a period of 170 seconds. This period

corresponds to approximately 5¢ of excess reactivity and therefore to a value of keff very slightly

greater than 1.0003.

A detailed MCNP model of the critical configuration was constructed that represents each

graphite plate, each HEU plate, and each part of the reflector individually. In addition, it

includes the diaphragm between the upper and lower parts of the core, the alignment tube in the

lower part of the core, and the platen that supports the lower part of the core.

Two separate calculations were performed with MCNP4C.3 Both calculations employed

1,250 generations of 5,000 neutrons each. The first 50 generations were excluded from the

statistics, producing 6,000,000 active histories.

The first calculation employed a cross-section library4 derived from release 4 of

ENDF/B-VI. Cross sections for isotopes that are not included in that library were taken from an

earlier set5 derived from release 2 of ENDF/B-VI. However, aluminum is the only material

present in Zeus that was updated from release 2 to release 4, and its reactivity contribution is so

small that the results can be considered consistent with release 4. The second calculation was

identical to the first, except that all of the cross sections were derived from ENDF/B-V.

The results are shown in Table 1, along with the corresponding results for the first Zeus

experiment. Both calculations underestimate keff for the second experiment by about 0.0015 )k.

The ENDF/B-V result is consistent with that for the first experiment, while the ENDF/B-VI.4

result is approximately 0.0020 )k higher than the corresponding result for the first experiment.

As expected, because its core is smaller, the second Zeus experiment produces a slightly harder

spectrum than the first and therefore slightly greater leakage. ENDF/B-VI.4 has a smaller

capture fraction than ENDF/B-V for both experiments and a correspondingly larger leakage



fraction. The lower capture fraction from ENDF/B-VI.4 is due primarily to copper, although the

capture fraction for 235U also is smaller than from ENDF/B-V.
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Table 1. Results from MCNP4C Calculations

Experiment

Experi-
mental
keff

Calculated keff

Calculated Neutron Balance

ENDF/B-V ENDF/B-VI.4

ENDF/B-V ENDF/B-VI.4 Fission Capture Leakage Fission Capture Leakage

First Zeus
Experiment

1.0001 0.9989 ± 0.0003 0.9967 ± 0.0003 40.4% 37.6% 22.0% 40.4% 34.5% 25.1%

Second Zeus
Experiment

1.0003 0.9986 ± 0.0003 0.9987 ± 0.0003 40.2% 36.3% 23.5% 40.3% 32.9% 26.8%
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