(]

. s
LAUR- 95-1856 CONF-4X09100--25

Titte: MCNP CALCULATI( NS FOR CRITICALITY-SAFETY
BENCHMARKS WITH ENDF/B-V AND ENDF/B-VI LIBRARIES

Author(s): John L. Iverscn
%1 Russell D. Mostelier

Submitted fo: Proceedings of the Fifth International Conference
fo: on Nuclear Criticality Safety (ICNC '95)

HIWIV'IOSIA

oy v SmAp FEUAI JO 21818 A[UWES00U J0U Op Mooy powmaudis LOMING Jo sUofmdo pov
A 3] "Joaay) Aduale AUE 30 JUWUmMON NS PANEN) ) Aq SULOAS) Jo ‘soniEpusm

-wnoa eamanopas £y Adant 30 NN A[UTIE0U 100 S0P LI M0 ‘IANPDEJNEEE
‘FreuDpe ‘Nuwe Ipen 4q 3NAe J0 ‘w2003 “nposd [FHWW Hjwods Aus 01 TLINY 20

13y Mgy pouso Kuaud afauyul 108 pinoa 380 NI 1Y) NEdal 20 ‘PIOfIETP eK00d
0 poposd ‘smywedde ‘sonsuniofl AUe jo FE30[REN 1O ‘NICIRIWIOD *AO8IN30R ) JO) Aupq

-muodsy 0 Ayiqer) (w85 ATR swnEse J0 ‘pardun Jo0 rsuds ‘Ajmuna oy yvw ‘sxdodws
I Jo Aws Jou ‘)oasoq) £5uaBe AU JOU JUSWEIGD NG PION A PYISN IIMUILIMOD

1w1S powun) 351 Jo £5uale uw Aq pasosuods 30s jo 1an0oow U e pausdaxd sem Lod mY)

Los Alamos

NATIONAL LABORATORY

mmww.nmwmw.-wwmumyuc&mmuu.s.o.mmoosmm
under contract W-7408-ENG-38. By acospiance of g anicie, the publishes reconnizes that the U.S. Government retaing 8 nonesciusive, royally-free laenes to
mumnmmumm.uuuumnhuu.uu.s.mm.mmmmww
requests that the publisher identiy this ariicle as work parformed under the auspioss of the U.8. Depaniment of Energy. rarm bow 36 R
Vo 8T 3829 1091

D‘smeuanTHISan.-._. A - Mﬁ :

'.
. l..f\ﬂ


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


MCNP CALCULATIONS FOR CRITICALITY-SAFETY BENCHMARKS
WITH
ENDF/B-V AND ENDF/B-VI LIBRARIES

J. L. Iverson
R. D. Mosteller

Reactor Design and Analysis Group
Technology and Sufety Assessment Division
Los Alamos National Laboratory
Los Alamos, NM 87545

Submitted for publication in the
Proceedings of the Fifth International Conference on Nuclear Criticality Safety (ICNC '95)
September 17-21, 1995 Albuquerque, NM

LA-UR-95-67 is a shorter version of this same paper



MOCNP CALCULATIONS FOR CRITICALITY-SAFETY BENCHMARKS
WITH

ENDF/B-V AND ENDF/B-VI LIBRARIES

J. L. Iverson® and R. D. Mosteller
Reactor Design and Analysis Group
Technology and Safety Assessment Division
Los Alamos National Laboratory

Los Alamos, NM

87545

505 665-4879
505 665-3167 — FAX
mosteller@lanl.gov

ABSTRACT

The MCNP Monte Carlo code, in conjur.tion
with its continuous-energy ENDF/B-V and
ENDEF/B-VI cross-section libraries, has been
benchmarked against results from 27 different
critical experiments. The predicted velues of
k,; are in excellent agreement with the
benchmarks, except for the ENDF/B-V results
for solutions of plutonium nitrate and, to a
lesser degree, for the ENDF/B-V and
ENDF/B-VI results for a bare sphere of 2°U.

INTRODUCTION

The MCNP Monte Carlo code [1] has been
used for criticality-safety analyses for many
years, and, in conjunction with its continuous-
energy ENDF/B-V library, it has been
benchmarked previously for criticality-safety
applications [2). However, a new set of
continuous-energy  cross-section libraries,
based on Revision 2 of ENDF/B-V], recently
has become available for MCNP. This paper
summarizes the results obtained using both
libraries for a series of 27 benchmark
experiments based on specifications and
benchmark values of k., provided by the

International Criticality Safety Benchmark
Evaluation Project (ICSBEP) [3] and the Cross
Section Evaluation Working Group (CSEWG)
{4].

DESCRIPTION OF CASES

A large variety of cases was chosen for
this study: metallic highly enriched uranium
(HEU) and metallic plutonium systems (both
bare and reflected), uranyl-nitrate solutions
with HEU, uranium-dioxide (UO,) fuel pins
with and without poison pins in borated water,
and plutonium-nitrate solutions.

Several fast-spectrum uranium systems
were analyzed, including a bare HEU sphere
(Godiva) [5, 6], an HEU sphere reflected with
normal uranium (l'opsy) [7), an HEU sphere
reflected by water [8, 9], and an HEU cube
reflected by water [10). In addition, two
systems with alternating platters of HEU and
normal uranium were analyzed (Jemima) [11].
Platters of HEU and normal uranium were
alternated in the first case ("pairs"), while two
platters of normal uranium separated the
platters of HEU in the second case (“triplets”).

*Curent address: Department of Nuclear Engineering, University of Arizona, Tucson, AZ 85719



Two types of thermal vranium systems
were analyzed: uranyl nitrate solutions with
HEU and lattices of fuel pins with low-
enriched aranium (LEU). Five of the solution
cases are based on experiments that were
performed at Oak Ridge National Laboratory
with spheres of uranyl nitratc (ORNL spheres)
(12, 13]. The CSEWG specifications for these
benchmarks represent them as bare spheres.
The sixth case [14] is a concrete-reflected
cylinder with a more highly concentrated
solution of uranyl nitratc than the ORNL
spheres. The lattice cases (B & W Core XI
experiments) [15] each contain approximately
5,000 UO, fuel pins immersed in borated
water. Load 1 is a uniform array of fuel pins,
while Loads 2 and 8 contain water holes
and/or Pyrex absorbing pirs interspersed
among the fuel pins.

The last uranium case is a bare sphere with
98 at.% *U (Jezebel-233) [5).

A brief summary of each of these uranium
systems is given in Table I. The benchmark
values for k., given in those tables are not all
equal to unity; in such cases, they include
standard deviations and/or adjustments that
reflect the reactivity effect of uncertainties or
idealizations identified by the experimenters or
by the ICSBEP/CSEWG evaluators.

Three fast-spectrum plutonium systems
were analyzed. Jezebel [16, 17] and Jezebel-
240 [16] both are bare spheres of plutonium,
but they contain different amounts of **Pu
(4.5 at. % in Jezebel and 20.1 at% in Jezebel-
240). The isotopic composition of the water-
reflected plutonium sphere [18] is similar to
that of Jezebel.

Both bare and water-reflected plutonium-
nitrate solutions were analyzed. All of these
benchmarks are based on experiments per-
formed at the Critical Mass Laboratory at
Batelle Pacific Northwest Laboratories [19,
20).

The CSEWG benchmark specifications for
the PNL spheres represent them as bare
spheres with different concenmrations of
plutonium nit2te. However, the experiments
that PNL-3 and PNL-4 are based on recently
have been evaluated as part of the ICSBEP,
and it has been suggested [21] that the
CSEWG benchmarks for PNL-3 and PNL4
should be revised to conform to the ICSBEP
specifications (the ICSBEP specifications
retain the stainless-stecl sphere that encloses
the solutior: and its cadmium cover, while the
CSEWG bernch-marks do not). Consequently,
the ICSBEP specifications for those two cases
have been used in this study, ar.d the ceses are
denoted in Table II as PNL-3 (Rev.) and
PNL-4 (Rev.) to indicate this distinction.

Three water-reflected spheres of
plutonium-nitrate solutions alse were analyzed.
Two of the systems contain very different
concentrations nf ylutonium nitrate, and **Pu
constitutes a much lower atom fraction of the
plutonium in the third case than in the other
two.

A brief summary of each of these
plutonium systems is given in Table Il

RESULTS

The MCNP calculations for most of these
cases were performed with 440 generaions of
2500 neutrons each, with the first 40 genera-
tions excluded from the statistics. The only
exceptions are the B & W Core XI cases,
which were run with 300 generations ot 4000
neutrons each because of the large rumber of
fuel pins present. The first 50 generations
were excluded from the statistics for those
cases. The results for each case, therefore, are
based on 1 million active neutron histories. A
brief summary of the results is given in Table
III for the uranium systems and in Table IV
for the plutonium systems.



Both ENDF/B-V and ENDF/B-VI predict
excellent agreement with the benchmark
values of Lk, for the metallic HEU
experiments, with the exception of the
ENDF/B-V results for the Jemima cxperi-
ments. The differences for the solution
cxperiments and for the lattices of UO, pins
are more pronounced: ENDF/B-VI predicts
values of k., for these experiments that are
0.002 to 0.006 Ak lower than those produced
by ENDF/B-V. Neither library produces par-
ticularly good results for the *’U Jezebel
sphere. The agreement between the two re-
sults for this case is not surprising, because the
ENDF/B-VI evaluation for 2*U is just a trans-
lation cf the corresponding ENDF/B-V evalua-
tion.

The lower reactivity for the Jemima ex-
periments is due to a combination of changes
to the 2%U and ®*U cross sections in the fast
range, while the lower reactivity for the solu-
tion experiments is due primarily to changes in
the thermal cruss s=ciions for 2*U. The slight-
ly lower reactivity for the lattices of UO, pins
is due primarily to changes in the **U and
B8y cross sections that do not quite
compensate for each other.  The lower
reactivity improves the agrecement with the
Jemima experiments and the reflected cylinder
of uranyl nitrate. On the other hand, it
produces noticeably worse agreement for the
ORNL spheres and slightly worse agrecment
with the lattices of UQ, pins.

Both ENDF/B-V and ENDF/B-VI produce
excellent agreement for the experiments in-
volving metallic plutonium spheres. However,
ENDF/B-V1 produces dramatically improved
agreement for the plutonium nitrate solutions.
Previous versions of ENDF, not just
ENDF/B-V, had consistently overestimated ko
for the PNL experiments. The improvement is
due to changes in the ***Pu cross sections and,
to a lesser extent, in the cross sections for
#9py and iron.

CONCLUSIONS

This study has benchmarked the MCNP
code and its continuous-energy ENDF/B-V and
ENDF/B-VI libraries against a variety of
benchmark critical experiments. In gcreral,
there is excellent agreement between predicted
values for k., and the benchinarks, with the
exception of the ENDF/B-V results for
plutonium-nitrate solutions and, to a lesser
degree, the ENDF/B-V and ENDF/B-VI results
for the bare sphere of **U. Relative to
ENDF/B-V, ENDF/B-VI produces improved
agreement with plutonium-nitrate solntions and
the Jemima experiments. However, it
produces slightly worse agreement for thermal
uranium systems (spheres of uranyl nitrate and
lattices of 1JO, fuel pins in borated water).
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Table I. Summary of Uranium Benchmark Cases

ICSBEP

1.0010  0.0010 |

Godiva Bare HEU Sphere

Fopsy Sphere HEU Sphere in natural-U Sphere ICSBEP | 1.0000 % 0.0030]
Jemima Pairs Pairs of platters of HEU and natural U ICSBEP | 0.9988 + 0.0008

h:mima Triplets Triplets of platters of HEU and natural U ICSBEP | 0.9987 + 0.0009_

I HEU Sphere in Water HEU sphere reflected by water ICSBEP 0.9985
HEU Cube in Water HEU cube reflected by water ICSBEP | 1.0000 £ 0.0010
ORNL-1 Bare sphere of uranyl nitrate (HEU) CSEWG 1.0003

H ORNL-2 Bare sphere of uranyl nitrate (HEU) CSEWG 0.9938 J
ORNL-3 Bare sphere of uranyl nitrate (HEU) CSEWG 0.9999 ‘

l ORNL4 Bare sphere of uranyl nitrate (HEU) CSEWG 0.9392 _]
ORNL-10 Bare sphere of uranyl aitrate (HEU) CSEWG 1.0003

Uranyl Nitrate Cylinder

Cylinder of uranyl nitrate reflected by concrete (HEU)

B & W Core X1, Load 1

UO, pins in borated water (LEU)

ICSBEP

! B & W Core X1, Loa 2

UO, pins and water holes in borated water (LEU)

ICSBEP

| B & W Core XI, Load 8

| Jezebel-233

UQ, and Pyrex pins in borated water (LEU)

1.0007 £ 6.0005 }

Bare sphere of *U

1.0000 + 0.0010



Table II. Summary of Pluionium Benchmark Cases

Case Title ] Description Source '
J=2ebel Bare plutonium sphere ICSBEP | 1.0000 £ 0.0020
Jezebel-240 Bare plutonium sphere (20 at% *Pu) ICSBEP | 1.000 £ 0.0620
Iqu Sphere in Water Plutonium sphere reflected by water ICSBEP | 1.0000 £ 0.0010
- PNL-1 Bare sphere of plutonium nitrate CSEWG 1.0
PNL-2 Bare sphere of plutonium nitrate CSEWG 1.0
PNL-3 (Rev.) Sphere of plutonium nitrate with Cd Cover ICSBEP 1.0
| PNL-4 (Rev.) Sphere of plutonium nitrate with Cd Cover ICSBEP 1.0
PNL-5 Bare sphere of plutonium nitrate CSEWG 1.0
Pu Nitrate Sphere Sohere of plutonium =itrate reflecied by water ICSBEP | 1.0000 £ 0.0055 I
Pu Nitrate Sphere, Low *’Pu | Sphere of plutonium nitrate reflected by water ICSBEP | 1.0000 £ 0.0056
Fu Nitrate Sphere, Dilute Sphere of plutonium nimﬂted by water ICSBEP | 1.0000 % 0.0055




Table III. Results for Uranium Benchmark Cases

Ketr
Case Title Benchmark kg | ENDFB-V ENDE/B-VI ENDF/B-V
| Godiva 10000 + 0.0010 | 0.9983 £ 0.0006 | 0.9967 + 0.0006 | -0.0017 £ 0.0512 | -0.0033 £ 0.0012
Topsy Sphere 10000 + 0.0030 | 1.0027 £ 0.0006 | 1.0013 £ 0.0006 | 0.0027 £ 0.0031 | 0.0013  0.0031
Jemima Pairs 0.9988 £ 0.0009 | 1.0025 + 0.0006 | 0.9982 % 0.0006 | 0.0037 £ 0.0011 | -0.0006  0.0011
Jemima Triplets 0.9987 £ 0.0009 | 1.0053 £ 0.0006 | 0.9990 £ 0.0007 | 0.0066 + 00011 | 0.0003 + 0.0011
Ifmau Sphere in Water 0.9985 0.9965 + 0.0008 | 0.9961 £ 0.0008 | -0.0020 £ 0.0008 | -0.0024  0.0008
HEU Cube in Water 10000 + 0.0010 | 1.0034 £ 0.0008 | 1.0026 + 0.0008 | 0.0024 £ 0.0013 | 0.0026 + 0.0013
%—-—Wmos £ 0.0006 | 0.9951 £ 00005 | 0.0002 £ 0.0006 | -0.0052 £ 0.0005
ORNL-2 0.9998 0.9981 + 0.0006 | 0.9968 £ 0.0006 | -0.0017  0.0006 | -0.0030 t 0.0006
ORNL-3 0.9999 0.9961 + 0.0006 | 0.9943 £ 0.0006 | -0.0038 £ 0.0006 | -0.0056 £ 0.0006
{ ORNL4 0.9992 0.9964 + 0.0006 | 0.9939 £ 0.0006 | -0.0028 £ 0.0006 | -0.0053  0.0006
ORNL-10 1.0003 0.9996 + 0.0004 | 0.9972 £ 0.0004 | -0.0007  0.0004 | -0.0031 + 0.0004
Uranyl Nitrate Cylinder | 10000 £0.0019 | 10068 +0.0010 | 1.0016 £0.0010 | 0.0068 + 0.0021 | 0.0016 + 0.0021 |
B & W Core XI, Load 1 | 10007 £ 0.0005 | 0.9976 £ 0.0007 | 0.9987 £ 0.0007 | -0.0031 £ 0.0009 | -0.0020  0.0009 |
B & W Core XI, Load 2 | 1.0007 £ 0.0005 | 1.0003 + 0.0007 | 0.9973 £ 0.0006 | -0.0004 + 0.0009 | -0.0034 + 0.0008 |
| B & W Core XI, Load 8 | 10007 £0.0005 | 0.9974 £0.0007 | 0.9943 + 00006 | -0.0033 + 0.0009 |
Fezcbr.l-233 10000 £ 00010 | 09932 00006 | 0.9925 00006 | -0.0068 + 00012 | -0.0075 # 00012




Table IV. Results for Plutonium Benchmark Cases

o

Ker
Case Title Benchmark kg | ENDFBV | ENDF/B-VI ENDF/B-VI
Jezebel 1.0000 + 0.0020 | 0.9975 + 0.0006 | 0.9975 + 0.0006 | -0.0025 £ 0.0021 | -0.0025 + 0.0021
Jezebel-240 10000 £ 0.0020 | 0.9994 + 0.0006 | 0.9996 + 0.0006 | -0.0006 £ 0.0021 | -0.0004 % 0.0021
| Pu Sphere in Water _ 10000 + 00010 | 09999 + 0.0006 | 09978 00006 | -0.0001 £ 0.0012 | 0.0022 £ 0.0012
= 10 1.0146 + 0.0010 | 1.0077 + 0.0009 | 0.0146 £ 0.0010 | 0.0077 + 0.0009
PNL-2 1.0 10060 £ 0.0010 | 0.9999 + 0.0010 | 0.0060 + 0.0010 | -0.0001 1 0.0010
PNL-3 (Rev.) 1.0000 £ 0.0052 | 1.2021 + 0.0008 | 0.9953 + 0.0008 | 0.0021 £ 0.0053 | -0.0047 £ 0.0053
PNL-4 (Rev.) 10000 + 0.0052 | 1.0094 + 0.0008 | 0.9994 + 0.0008 | 0.0094 £ 0.0053 | -0.0006 + 0.0053
PNL-5 1.0 1.0088 + 0.0009 | 1.0001 + 0.0009 | 0.0088 + 0.0009 | 0.0001 £ 0.0009
Pu Nitrate Sphere 1.0000 £ 0.0055 | 1.0126 + 0.0009 | 1.0043 + 0.0009 | 0.0126 £ 0.0056 | 0.0043 £ 0.0056
Pu Nitrate Sphere, Low *Pu | 1.0000 + 0.0056 | 1.0116 + 0.0009 | 1.0017 + 0.0008 | 0.0116 £ 0.0057 | 0.0017 & 0.0057
Pu Nitrate Sphere, Diluste | 1.0000 + 0.0055 | 1.0104 £ 0.0007 | 1.0027 + 0.0007 | 0.0104 £ 0.0056 | (1.0027 + 0.0056




