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SUMMARY

A series of 20 benchmark critical
experiments were studied using the DANT
code with cross section libraries prepared by
TRANSX from ENDF/B-V based MATXS
libraries. The benchmarks were selected to
cover both fast and thermal systems utilizing
either uranium or plutonium as the primary
fissile isotope. An effort was made to cover
the range of isotopes prevalent in nuclear
systems, though no heterogeneous thermal
" plutonium cases were included. The results
indicate that the code package and library
give satisfactory results for the majority of
cases, though the results are somewhat
poorer for thermal plutonium cases.

METHODOLOGY

The analysis was performed using
DANTI[1,2] with ISOTXS formatted cross
sections prepared in TRANSX[3] from a
standard 69 group MATXS-12 library[3].
These benchmarks were derived from
specifications given by either the Cross
Section  Evaluation Working  Group
(CSEWG){4] or by the International
Criticality Safety Benchmark Evaluation
Project (ICSBEP)[5]. The majority of these
cases are spheres modeled one-
dimensionally, but there are a few cylindrical
cases as well. All cases were prepared using
transport-corrected,  truncated Legendre
expansions, and appropriate self shielding.

Additional runs were made with varying
mesh, quadrature order, and Legendre
expansion order to assure that the results
were within 0.001 Ak of the best possible
setting for that parameter. The results
should be within 0.002 Ak of the best
possible settings for all parameters. A
summary of the actual cases studied is
presented in Table 1. Brief descriptions of the
case types are given below. The results of
these case studies have been compared with
both the actual benchmark values or in cases
where there were significant idealizations, a
comrected value was used. The details of
these corrections and the full model
specifications can be found in either the
CSEWG benchmarks or in a forthcoming
publication known as the ICSBEP
Handbook. The results have also been
compared with previous MCNP runs[6].

CASE DESCRIPTIONS

The benchmarks fit ‘into five groups:
metallic #°U systems with fast spectra, highly
enriched solutions of uranyl nitrate, metallic
plutonium  spheres, plutonium nitrate
spheres, and a bare sphere of **U.

Metallic **U Systems With Fast Spectra

There are three cases of metallic *°U
with fast spectra: the bare Godiva sphere, the
reflected Topsy sphere, and a generic water-




TABLE 1
Summary of Benchmark Critical Experiments

Case Title Description Source Ref. | Spectrum
{Godiva Bare HEU Sphere ICSBEP 7.8 Fast
Topsy HEU Sphere in natural-U sphere ICSBEP 9 Fast
IHEU Sphere in H,0 |HEU sphere reflected by water ICSBEP | 10,11 | Fw/ Tail
[ORNL - 1 Bare sphere of uranyl nitrate CSEWG | 12,13 | Thermal
ORNL - 2 Bare sphere of uranyl nitrate CSEWG | 12,13 ] Thermal
ORNL - 3 Bare sphere of uranyl nitrate CSEWG | 12,13 | Thermal
ORNL - 4 Bare sphere of uranyl nitrate CSEWG | 12,13 | Thermal
ORNL -10 Bare sphere of uranyl nitrate CSEWG | 12,13 | Thermal
Jezebel -233 Bare sphere of 2°U ICSBEP 14 Fast
Jezebel Bare plutonium sphere ICSBEP | 14,15 Fast
Jezebel - 240 Bare plutonium sphere (20 a/o 2*°Pu) ICSBEP 14 Fast
Pu Sphere inH,0 |Plutonium sphere reflected by water ICSBEP 16 F w/ Tail
PNL -1 Bare sphere of plutonium nitrate CSEWG | 17,18 | Thermal
PNL -2 Bare sphere of plutonium nitrate CSEWG | 17,18 | Thermal
PNL -3 Bare sphere of plutonium nitrate CSEWG | 17,18 | Thermal
PNL -4 Bare sphere of plutonium nitrate CSEWG | 17,18 | Thermal
PNL -5 Bare sphere of plutonium nitrate CSEWG | 17,18 | Thermal
Pu Nitrate Sphere -1 }Sphere of piutonium nitrate reflected by water | ICSBEP | 17,18 | Thermal
Pu Nitrate Sphere -2|PuNO, sphere, (low2*°Pu) reflected by water | ICSBEP | 17,18 | Thermal
Pu Nitrate Sphere -3|Dilute PUNO; sphere reflected by water ICSBEP | 17,18 | Thermal

reflected sphere. All of the cases used highly
enriched uranium (HEU).

The Godiva Sphere[7,8] is a  bare,
Homogenous sphere of uranium enriched to
93.71 wt. % **U. Godiva is modeled here
one-dimensionally using six shells of slightly
varying enrichment and is based on the
ICSBEP specifications.

The reflected Topsy sphere[9] consists of
a central sphere of HEU with an 8-in. thick
reflector of natural uranium. The enrichment
in the central sphere is 93.5 wt. % ***U. The
principal isotopes in this case are ***U in the
central sphere and 2**U in the outer reflector.
Again the specifications come from the
ICSBEP handbook.

The  water-reflected  sphere  of
HEU[10,11] differs from the other cases in
that it has a significant fraction of fissions

occurring at thermal and epithermal energies,
almost 30% of the fissions occur at energies
below 0.1 MeV. It is a sphere of HEU
enriched to 97.67 wt. % U, supported by a
Plexiglas stand in a tank of water. It has
been idealized in the ICSBEP handbook as a
homogenous sphere surrounded by an
effectively infinite spherical shell of water,
and those are the specifications employed in
this study. The principal isotopes are the
B5U in the sphere and the 'H in the water.

Highly Enriched Solutions of Uranyl Nitrate

This series of experiments consists of the
five CSEWG benchmarks. The benchmarks
are designated as ORNL-1, ORNL-2,
ORNL-3, ORNL-4, and ORNL-10, because
they are based on experiments performed at
Oak Ridge National Laboratory[12,13]. In
these experiments, varying concentrations of




uranyl nitrate solutions, with the uranium
enriched to approximately 94 wt. %, are
contained in homogenous spheres of light
water. ORNL-2, ORNL-3, and ORNL-4 also
contain small amounts of boron. The
isotopes of principal interest in these
experiments are #°U and 'H, as well as B
in the cases that contain boron.

Jezebel 233

The so-called Jezebel-233 experiment
was a bare, homogenous uranium sphere
comprised primarily of Z*U (98.13 a/o) [14].
It produced a very fast neutron spectrum,
and it appears as a benchmark for both the
CSEWG and the ICSBEP. The calculations
in this study use the specifications given in
the ICSBEP handbook.

Metal Spheres of Plutonium

These cases include the standard Jezebel
experiment, the so-called Jezebel-240
experiment and a plutonium sphere reflected
by water.

The configuration for both Jezebel
experiments[14,15] was simply a bare sphere
of plutonium. The most significant
difference between the two experiments is
that the standard Jezebel contained only 4.5
at. % of 2®Pu, while the Jezebel-240
contained almost 20 at. %. The isotopes of
principal importance in the experiments are
Py, and for the Jezebel-240 experiment,
20Pu. Both of these experiments appear as
benchmarks for both the CSEWG and
ICSBEP. The specifications for the cases in
this study are taken from the ICSBEP
handbook.

The configuration for the water reflected
plutonium sphere experiment[16] was very
similar to that for the water-reflected HEU
sphere discussed above. A sphere of
plutonium was placed on a stand inside a
tank of water, and the benchmark model like

the HEU case, consists of the plutonium
sphere surrounded by an effectively infinite
spherical shell of water. The bulk of the
fissions are produced by fast neutrons with
energies above 0.1 MeV, but there is a
significant thermal tail in the spectrum due to
moderation by the water. The isotopes of
principal interest are Z°Pu, ¥Py, and 'H.

Spheres of Plutonium Nitrate

This set of cases consists of two subsets,
though all of them are based on experiments
conducted by Batelle Pacific Northwest
Laboratory(PNL) [17,18].

The first subset contains the CSEWG
benchmarks designated as PNL-1 through
PNL-5, all of which are bare spheres of
plutonium  nitrate. The plutonium
concentration in PNL-2 is more than four
times as concentrated as in PNL-1; the
concentration in PNL-3 and PNL-4 is
approximately one-half that of PNL-1, and
the spheres are somewhat larger. The
plutonium concentration in PNL-5 is
approximately the same as in PNL-1, but the
sphere is slightly larger. Results for these
cases are affected primarily by *°Pu, ?*Puy,
H, and to a lesser extent N,

The second subset, taken from the
ICSBEP handbook, consists of three cases in
which a solution of plutonium nitrate and
water is contained inside a stainless steel
sphere that is surrounded by an effectively
infinite spherical shell of water. The second
case contains a much lower concentration of
20Pu than the first ( approximately 0.5 a/o,
as opposed to 4.6 a/o), while the plutonium
nitrate in the third case is considerably more
dilute than the first case (about one-quarter
the plutonium concentration). Results for
these three cases are affected primarily by
9Py, Py, 'H,“N, and stainless steel.




RESULTS

The numerical results for the benchmark
cases are given in Table II. As a whole, the
uranium based cases agreed well with the
benchmarks, generally within 0.002 Ak, for
both fast and thermal spectrum cases, with
the exceptions of the fast, water-reflected,
HEU sphere and a sphere of Z*U.

The plutonium benchmarks did not agree
as well as the uranium benchmarks. The
fast spectrum cases yielded eigenvalues that
were 0.002 to 0.005 Ak low of the
benchmark value. The thermal plutonium
nitrate solution cases were typically a percent
or more in k higher than the benchmark
values. A substantial part of the thermal
behavior could be this particular MATXS
library, as the agreement between MCNP
and DANT for these cases degraded
significantly. Previous DANT cases agreed
with MCNP typically within a tolerance of a
quarter percent in k, whereas these
plutonium nitrate solution cases are typically
nearing a half percent in k and are always
higher. '

Metallic U Systems with Fast Spectra

The results are reasonably good and
compare well in general with the benchmark
for these cases. The worst case, the water
reflected HEU sphere, which was 0.004 Ak
low of the benchmark value, has a significant
thermal and epithermal fission component.
The epithermal range could be responsible
for the discrepancy as most of the thermal
cases came high of their benchmark values.

Highly Enriched Solutions of Uranyl Nitrate

Again, all of these cases agreed well with
their benchmark values, though the cases
with boron did not compare as well with
MCNP. ORNL-3 appears to be an aberration
as it is an intermediate step between ORNL-
2 and ORNL-4. ORNL-2 has approximately

half of the '°B concentration of ORNL-3,
and a more dilute concentration of uranyl
nitrate. The increase in boron between
ORNL-3 and ORNL-4 is only about 25%
again with a further increase in the
concentration of wuranyl nitrate. The
enrichment remains constant, and MCNP
also shows this irregularity, so there appears
to be no other explanation.

Jezebel 233

The ENDEF/B-V result for ke of
Jezebel-233 has the worst agreement with
the benchmark values of any of the uranium
cases. This is probably due to the #*U cross
sections as it is the only isotope present in
abundance. Preliminary studies with
ENDF/B-VI libraries show a small but
significant improvement in the computed
value due almost exclusively to changes in
the worth of 22U, though the new evaluation
is merely a reprocessing of the ENDF data.

Metal spheres of Plutonium

As mentioned above, the plutonium cases
were as a whole worse than the uranium
cases, though the fast spectrum cases fared
better than the thermal spectrum cases. In
contrast to the fast uranium cases the best
result with the plutonium cases was the
water reflected sphere, which has a
significant epithermal and thermal tail. This
is explained easily as fast spectrum
plutonium cases tended to compute low of
the benchmark value, while thermal cases
computed high of their respective benchmark
values.

Spheres of Plutonium Nitrate.

The PNL spheres have been problems for
several generations of ENDF/B (ENDF/B-IV
produced even higher values for kess than
ENDF/B-V). The only good result in both
the PNL spheres and the ICSBEP




TABLEII

- Resulls from Benchmark Experiments

. Benchmark AK AK
Case Title ket ENDF/ B-V Benchmark] MCNP
Godiva 1.0000 0.0984 -0.0016 0.0001
Topsy 1.0000 1.0026 0.0026 -0.0001
IHEU Sphere in water 0.9985 0.9947 -0.0038 -0.0018
|ORNL - 1 1.0003 1.0017 0.0014 0.0012
[ORNL -2 0.9998 1.0017 0.0019 0.0036
IORNL - 3 0.9999 0.9985 -0.0014 0.0024
IORNL - 4 0.9992 1.0001 0.0009 0.0037
ORNL -10 1.0003 1.0009 0.0006 0.0013,
Jezebel -233 1.0000 0.9909 -0.0091 -0.0023
Jezebel 1.0000 0.9948 -0.0052 -0.0027
Jezebel - 240 1.0000 0.9963 -0.0037 -0.0031
Pu Sphere in water 1.0000 0.9982 -0.0018 -0.0017]
PNL - 1 1.0 1.0202 0.0202 0.0056
PNL - 2 1.0 1.0122 0.0122 0.0062
PNL -3 1.0 1.0007 0.0007 0.0047|
PNL -4 1.0 1.0076 0.0076 0.0043
PNL -5 1.0 1.0123 0.0123 0.0035
Pu Nitrate Sphere -1 1.0000 1.0146 0.0146 0.0020
Pu Nitrate Sphere -2 1.0000 1.0138 0.0138 0.0022
Pu Nitrate Sphere -3 1.0000 1.0150 0.0150 0.0046

benchmarks is PNL-3, which reportedly has
revised specifications forthcoming that
should increase the computed value for kegr
significantly[19]. Preliminary studies with
ENDF/B-VI libraries indicate that notable
improvement has been made with the thermal
plutonium evaluations, although the results
still aren’t ideal. The source of the changes in
worth between libraries is an almost even
mix of #*Pu and O (typically 0.0035 Ak and
0.003 Ak, respectively), and a measurable
contribution from #**Pu.

CONCLUSIONS

DANT in combination with TRANSX
and ENDF/B-V libraries give reasonable
results that can be used to predict the
criticality of simple systems. Uranium-235
based systems agree reliably within 0.003 Ak

of the benchmarks. Care should be
exercised, however, if the system has a
substantial epithermal or intermediate
fissioning, as these cases could exceed this
margin. It may be advisable to implement a
bias with #*U and plutonium based systems.
With an appropriate bias most plutonium
cases agree within 0.005 Ak.
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