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Comparisons of the MCNP Criticality Benchmark Suite
with ENDF/B-VI.8, JENDL-3.3, and JEFF-3.0
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A comparative study has been performed with the latest evaluated nuclear data libraries
ENDF/B-VI.8, ENDL-3.3, and JEFF-3.0. The study has been conducted through the
benchmark calculations for 91 criticality problems with the libraries processed for
MCNP4C. The calculation results have been compared with those of the ENDF60 library.
The self-shielding effects of the unresolved-resonance (UR) probability tables have also
been estimated for each library. The X� differences between the MCNP results and
experimental data were calculated for the libraries.
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1. Introduction JENDL-3.3, and 72 for EFF-3.0. Out of these, the UR
probability tables are included 16 nuclides for

Evaluated neutron reaction data libraries have been ENDF/B-VI.8, 30 for ENDL-3.3, and 27 for
separately released from several countries. JEFF-3.0. The data for some natural elements not in
ENDF/B-VI from the Brookhaven National JENDL-3.3 and JEFF-3.0 are substituted with the
Laboratory, ENDL from the Japan Atomic Energy isotopic data by allowing for the abundances of
Research Institute, and JEFF from OECD/NEA have naturally occurring isotopes. The Be-9 data of the
been extensively utilized in the nuclear society ENDF60 library was employed because the data
because these libraries include comprehensive and generated in this work could not be successfidly run
reliable evaluated data for all the neutron reactions in with MCNP4C.
the energy range from to 20 MeV. Since the last
release of the data libraries, many researchers have Evaluated
been investigating how the existing calculation results Data
in given systems are influenced by the recent
evaluations. I

This work was intended to generate continuous- RECONR
energy neutron data libraries for the MCNP4C code')
based on the latest evaluated nuclear data and to
validate the libraries through some criticality
benchmark calculations. The source evaluated nuclear
data files employed are ENDF/B-VI.8 2) released in BROADR ACER

October 2001, JENDL-3.3 3) released in May 2002,
and JEFF-3 .04) released in April 2002.

2. Library Generation HEATR PEND

The NJOY99.81 code5) has been used to process I

the source evaluated nuclear data files into libraries PURR GASPR
suitable for use with MCNP4C. Figure I shows the
procedures used to generate the ibrary through NJOY

processing. The probability tables for considering the Fig.1 Flow diagram of NJOY99.81 processing for
self-shielding effects in the UR energy range can be
used in the MCNP4C .6) These tables were generated MCNP4C library

using the PURR module of NJOY and introduced into 3. Benchmark Calculation
the MCNP libraries. All the cross sections in the

libraries have been processed at 293.6K. 3.1 Criticality Benchmark Suite
For our benchmark calculation, it is required to

process 53 nuclides for ENDF/B-VI.8, 84 for

Corresponding author, Tel. 8242-868-865 1, Fax 8242-868-2636, E-mail: kimdh�)=rLrekr

- 304 -



JAERI-Conf 2003-019

The benchmark calculations for the MCNP4C the influences on the criticality calculations from the
libraries based on ENDF/B-VI.8, ENDL-3.3, and use of different releases in the same ENDF/B-VI are
JEFF-3.0 have been conducted for a suite of criticality insignificant.
benchmarks7) established for validating the MCNP
library by the Los Alamos National Laboratory
(LANL). The benchmark suite contains 91 criticality 15 Be..hmark Categ.ri..:

problems taken from the International Criticality 10 9 ill 11 12 13

Safety Benchmark Evaluation Project ICSBEP)') and
the Cross Section Evaluation Working Group 0

(CSEWG)9) specifications. The benchmark problems V, 
were chosen for testing a wide range of energy regions

C

and a variety of important reflector materials, although 0
the benchmark suite could not cover all isotopes and
energy regions of interest. Table I shows a brief
description of 13 categories for the criticality Fig.2 Comparisons of calculated kff values based on
benchmark site. ENDF/B-VI.8 with those by ENDF60

Table I Brief description of categorized criticality Is Bn.hm.,kUtgones:

benchmark suite 2 !3
!4i 6 !6 17 18 9 Ad 11 !12" 13

Cat. Description
E II 1 X !

I Bare metal assemblies (10) fit..... .......... .............. ... .. __ ............... .. ... .... ... ........................................ ........... ............ ...... ..
2 Solution assemblies (I 7 1111011111 J 611-11.11 �.h........ ...... .. ....... 4 i l ot
3 ter-reflected metal assemblies 3) _1 I NJ _111111 "'I

.......... _-1 .... ........ ....................... . ....... . ..... ................. . ..... .......... ..... . ....... .............................. ... .........

Polvethvlenc-reflected assemblies 3) C............ ........ ............. ..... ................ o
Beryllium- and beryllium oxide-reflected

5
assemblies (8)......................... ................................ .....-..................................... . ... ..... ....... .... .................................................. ....... ..

6 Graphite-reflected assemblies 3) ........................... . Fig.3 Comparisons of calculated kff values based on
7 -)J�' n-um--reflected ass (4) JENDL-3.3 with those by ENDF60...... ... ................................ ... ....... .....
8 Steel- and ickel-refl cted assemblies 6)....... ............. ............... ..... ........ . .. ............................ ...... ..
9 T gsten-reflected assemblies )............ ....... .. .......... ........ .... ....I- ------------ ---- --. ... .. ........ ........................ ......... ....................... .........
IO Thorium-reflected assemblies 2) is BenchmarkCategories:

.. . ... .. . .............................................. . ....... ............... 213 14 1 5iG789Ili 11

I I Normal uranium�reflected assemblies (I 9 10
12 Highly enriched uranium-reflected assemblies 4) 5.... .. . .. .......... ...... .. ....... . ...... . ..... .... ............................. .

13 Other assemblies (5) 0
number of problems in each benchmark category

3.2 Results T
This work focuses only on kff calculations. The Fig.4 Comparisons of calculated koff values based on

calculations were carried out with the MCNP4C2 on a JEFF-3.0 with those by ENDF60
Hewlett-Packard C-3600 workstation.

3.2.1 Comparisons with ENDF60 As shown in Figures 3 and 4 however, the results
The benchmark calculation results for three calculated with JENDL-3.3 and JEFF-3.0 show

MCNP4C libraries based on ENDF/B-VI.8, relatively large ifferences from ENDF60. JENDL-3.3
JENDL-3.3, and JEFF-3.0 have been compared with has a tendency to underestimate keff fr fast neutron
those by the ENDF60 library"" based on assemblies containing relatively large amounts of a
ENDF/B-VI.2. Because the ENDF60 library did not normal uraniurn reflector such as IEUMT2, BIGTEN I,
contain the probability tables in the UR energy range, BIGTEN2, etc. The underestimation of kff is caused
the probability tables of the MCNP4C libraries were by the decrease in U-238 fission rates contained in the
not taken into consideration for a consistent ftiel and reflector regions. Similarly, the
comparison. These calculations have been performed underestimation of kff is common to JEFF-3.0.
to estimate the influences of different source evaluated One of the major problems of the JENDL-3.2 data

was the overestimation of criticality values for fast
nuclear data on the kff results. Figures 2 to 4 show the 3 ) As shown in Figure 3,
differences of the calculated kff values based on assemblies that contain U-233 .
ENDF60 from those based on ENDF/B-VI.81 this fact has been improved through the reevaluation
JENDL-3.3, and JEFF-3.0 respectively. of the fission cross sections of U-233 in the energy

As shown in Figure 2 the ENDF/B-VI.8 yields range above several hundred keV. On the other hand,
similar results compared with ENDF60. It implies that Figure 4 shows that the overestimation of kff came
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back for U-233 fast cores because JEFF-3.0 took the assembly with the thickest reflector MET3K)
U-233 coss sections from JENDL-3.2. showed the largest self-shielding effects of 26.1 mk.

Such excessive increases in kOff are caused by the very
3.2.2 Comparisons of the Self-Shielding Effect small capture cross sections of W-isotopes represented

Figures to 7 show the self-shielding effects by as the probability tables in the UR energy range.
UR probability tables estimated for MCNP4C libraries For JENDL-3.3, fast assemblies including large
based on ENDF/B-VI.8, JENDL-3.3, and JEFF-3.0, amounts of U-238 such as BIGTENI, BIGTEN2,
respectively. The effects are defined as the k,ff MM ET8, etc. have a tendency to excessively
differences between using and not using the UR increase the self-shielding effects. The probability
probability tables. tables result in a large decrease of U-238 capture rates

in the fuel and reflector regions. Also, the increase of
neutron fluxes in the UR energy range in the core

'5 Benchmark Ctagades:
i 2 13 4 I i brings about the increase of U-235 fission rates.

6 1 0 11 !12; 13
10 Therefore, the probability tables within U-238 of

JENDL-3.3 causes a large increase of kff.
As shown in Figure 7 the self-shielding effects for0 af,

,9 iOl �O 1 180 JEFF-3.0 are insignificant compared with others.

3.2.3 Comparisons with Benchmark Experiments
The chi-squared difference between the MCNP and

the experimental results was calculated for each
Fig.5 Comparisons of self-shielding effects by UR library. The X� difference can be defined as:""
probability tables based on ENDF/B-VI.8

15 Bench cotegarla . .. I . X 2 [MCNP(i) - Exp(i)f
is,78 9 11 17. MCNP(i) + Exp(i)

2 3 14 5 12 13
10

where Exp(i) is the experimental for a benchmark

__ 80 �41 problem i and MCNP(i) is the MCNP4C-calculated
io N 70 0 kff for a benchmark problem i.

The values of X� for ENDF60, ENDF/B-VI.8,i-4 JENDL-3.3, and JEFF-3.0 are lsted in Table 2 Ts
table shows the X2 differences for benchmark
problems in each category and for all the benchmark

Fig.6 Comparisons of self-shielding effects by UR problems.
probability tables based on JENDL-3.3

Table 2 X2 difference between MCNP4C and

16 BenchnnorkCategodes: experimental kff
3I4 iI I MM ENDF/B-VL8 JENDL-3.3 JEFF-3.0a 6!7 a 9 14 11 11121 13 cat

lo withPIT w/oPT withPT w/oPT withPT wlWiT
I 1.07E-4 1. 10E-4 1.24E-4 4. 10E-5 3.50E-5 1.80E-4 1.96E-4
2 2.01E-4 1.65E-4 1.74E-4 2.35E4 2.48E-4 1.73E-4 1.86E4

0 iL I I I .. ... "- 3 8.21E-6 1.96E-5 1.54E-5 1.38E-5 1.26E-5 1.35E-5 1.95E-5io P P 3P II A V ISO _70 so go
4 7.52E-6 L36E-5 1.22E-5 7.14E-6 4.67E-6 1.28E-5 1.78E-5
5 8.85E-5 9.84E-5 9.91E-5 6.35E-5 4.92E-5 1.40E-4 1.48E-4
6 1.75E-5 1.55E-5 1.78E-5 5.23E-5 5.44E-5 2.14E-5 8.70E-6
7 8.74E-5 6.67E-5 9.50E-5 1.18E-5 LOGE-5 8.20E-5 6.71E-5
8 4.14E-5 5.38E-5 5.61E-5 5.34E-5 4.60E-5 7.54E-5 9.73E-5
9 1.68E-4 1.26E-3 1.63E-4 3.15E-4 2.91E-4 3.16E-4 3.17E-4

Fig.7 Comparisons of self-shielding effects by UR 10 3.53E-5 3.81E-5 3.48E-5 6.62E-5 4.68E-5 1.03E-4 9.09E-5
probability tables based on JEFF-3.0 11 1.98E-4 1.53E-4 1.65E-4 2.12E-4 4.89E-4 6.33E-4 6.13E-4

12 1.34E-5 1.46E-5 2.05E-5 2.06E-5 2.02E-5 1 16E-4 8.99E-5
ENDF/B-VI.8 shows no significant changes in 13 7.78E-6 3.95E-6 7.36E-6 1.27E-3 6. 1 IE-5 1.03E-4 %52E-5

Tot. 9.81E-4 2.02E-3 9.83E-4 2.36E-3 1.37E-3 1.83E-3 1.79E-3
self-shielding effects except a fw problems in Adj. 7.61E-4 7.86E-4 8.19E-4 7.60E-4 7.67E-4 1.47E-3 1.46E-3

category 9 For tungsten-carbide (WC)-reflected

assemblies of category 9 UMET3H - UMET3K), As shown in Table 2 most of the calculation results
however, the self-shielding effects tend to excessively except for ENDF/B-V'1.8 not using the probability
increase. These have spherical cores loaded with
highly enriched uranium surrounded by the WC table show large total-i differences compared with

" differencesreflector with a varying thickness from 1.9" to 65". ENDF60. Tis illustrates that the totalT
The assembly with the tinnest reflector (UNMT3H) includes the results for some of the questionable
showed rlatively small self-shielding effects, and the problems discussed before: WC-reflected assemblies

using probability tables in ENDF/B-VI.8, normal

- 306 -



JAERI-Conf 2003-019

uraniurn- reflected assemblies using probability tables N-Particle Transport Code, Version 4C,"
in JENDL-3.3, the underestimation of kff due to LA 13 709-M, Los Alamos National Laboratory
U-238 for JENDL-3.3 and JEFF-3.0. (2000).

Considering the adjusted-X� difference which is 2) H.D. Lemmel, P.K. McLaughlin, and V.G.
obtained by eliminating X2,s of the doubtful problems Pronyaev, "ENDF/B-VI Release (Last Release of
from the total-X2 difference, ENDF/B-VI.8 and ENDF/B-VI)," IAEA-NDS I 00, Rev. II,
JENDL-3.3 give better agreements with the International Atomic Energy Agency 200 1).
experiments compared with JEFF-3.0. The library 3) K. Shibata, et al., "Japanese Evaluated Nuclear
based on JEFF-3.0 makes the keff results worse due to Data Library Version 3 Revision-3: JENDL-3.3, J.
the use of U-233 data originated from JENDL-3.2, etc. Nucl. Sci. Technol., 39, 1125 2002).
Especially, the probability tables for ENDF/B-VI.8 4) R. Jacqrnin, M. Kellett, and A. Nouri, "The
and JENDL-3.3 could slightly improve the MCNP JEFF-3.0 Nuclear Data Library," PHYSOR 2002,
results. Seoul, Korea 2002).

5) R.E. MacFarlane and D.W. Muir, "The NJOY
4. Summary Nuclear Data Processing System, Version 9 I,"

LA-12740-M, Los Alamos National Laboratory
A comparative study has been performed with the (1994).

latest ENDF/B-VI.8, JENDL-3.3, and JEFF-3.0. The 6) R.C. Little and R.E. MacFarlane, "ENDF/B-VI
benchmark calculations for 91 criticality problems Neutron Library for MCNP with Probability
have been carried out to validate the libraries Tables," LA-UR-98-5718, Los Alamos National
generated for MCNP4C. ENDF/B-VI.8 yields similar Laboratory (I 998).
results compared with ENDF60 while JENDL-3.3 and 7) S.C. Frankle, "A Suite of Criticality Benchmarks
JEFF-3.0 show large differences. Considering the UR for Validating Nuclear Data," LA- 3594, Los
probability tables, the results for fast assemblies Alamos National Laboratory 1999).
including the W-isotopes of ENDF/B-VI.8 and U-238 8) "International Handbook of Evaluated Criticality
of JENDL-3.3 tend to excessively increase the k 's Safety Benchmark Experiments," NEA Nuclear
due to the small capture rates of the W-isotopes and Science Committee, NEA/NSC/DOC(95)03
U-238. It can also be seen that the probability tables (2001).
could slightly improve the results for some 9) "Cross Section Evaluation Working Group
benchmarks. The X� differences between the MCNP Benchmark Specifications," ENDF-202,
and experimental results were estimated for each BNL 9302, Brookhaven National Laboratory
library. ENDF/B-VI.8 and JENDL-3.3 show good (1991).
agreements with the experiments. IO)J.S. Hendricks, S.C. Frankle, and J.D. Court,

"ENDF/B-VI Data for MCNP," LA-12891, Los
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