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Versions of MCNP" up through and including 4B have not accurately modeled neutron
self-shielding effects in the unresolved resonance energy region. Recently, a probability-table
treatment has been incorporated into a developmental version of MCNP.?> This paper presents
MOCNP results for a variety of uranium and plutonium critical benchmarks, calculated with and
without the probability-table treatment.

The probability-table method®* relies on the statistical nature of neutron resonances in the
unresolved region. Average unresolved resonance parameters from nuclear-data evaluations
may be utilized by a processing code (in this case, NJOY") to generate ladders of representative

resonances. Cross sections from these ladders are then used to form cross-section probability

distribution functions, from which NJOY prepares a table of cross sections (total, elastic, fission,
radiative capture, and heating) as a function of probability. Such tables are a function of incident

neutron energy. When transporting neutrons in the unresolved energy range of a particular

nuclide, the developmental version of MCNP samples the total and reaction cross sections rather
than simply using single average values as the code has done in the past. By virtue of randomly
sampling large, intermediate, and small cross sections from the probability tables, this version of
MCNP models the effects of neutron self-shielding in the unresolved resonance energy region.

Several uranium and plutonium benchmarks were selected to assess the reactivity impact
of the probability-table method. The benchmarks, which are summarized in Table 1, include
highly enriched uranium (HEU), intermediate-enriched uranium (IEU), low-enriched uranium
(LEU) and plutonium cores that produce a range of neutron spectra. Most of these benchmarks
are based on specifications provided by the Cross Section Evaluation Working Group® (CSEWG)
or the Working Group for the International Criticality Safety Benchmark Evaluation Program’
(ICSBEP).

The MCNP calculations were performed with a version of the code intermediate between
4B and 4C. Each calculation used at least 1 million active histories, and those for GODIVA and
both JEZEBEL assemblies were extended to 3.7 million active histories. ENDF/B-VI cross-

section libraries were employed exclusively. The probability-table data are from a pre-release




MCNP library and are based on ENDF/B-VI release 0 for 242py release 2 for >>° U, 2, 2puy,
and 2Py, and release 3 for **'Pu. The ENDF/B-VI unresolved resonance range extends from
2.25 to 25 keV for >*°U, from 10 to 300 keV for 23 8U, from 2.5 to 30 keV for 239py, from 5.7 to
40 keV for **°Pu, from 0.3 to 40.2 keV for **'Pu, and from 0.986 to 10 keV for ***Pu. Cross
sections for other isotopes in the benchmarks were from the distributed ENDF60 library,® and
did not include probability tables.

The results from these calculations are presented in Table 2. Four conclusions can be
drawn from these results. First, not surprisingly, the only benchmarks that are substantially
affected are those that have a significant fraction of their interactions within the unresolved
resonance region of the principal uranium and plutonium isotopes that are present. For example,
the graphite-reflected IEU sphere, whose spectrum peaks at approximately 600 KeV, is
essentially unaffected, while the reactivity difference for the other IEU benchmarks, whose
spectra peak at 300 KeV or lower, is significant. Second, the reactivity impact of the
improvement is essentially negligible for 2*°U in these systems. The spectral peaks for all of the
HEU benchmarks except GODIV A occur within the unresolved resonance region, but the
probability-table treatment does not produce a statistically significant change in reactivity for any
of them. Third, the probability-table method can produce substantial increases in reactivity for
those benchmarks that include proportionately large amounts of *®U and have high fluxes within
the unresolved resonance region. Finally, the probability-table method also can produce
significant reactivity changes for plutonium benchmarks whose spectra peak in or near the
unresolved resonance region.
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