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ABSTRACT 
The continuous-energy neutron data library 

ENDF60, for use with the Monte Carlo N-
Particle radiation transport code MCNP4A, [1] 
was released in the fall of 1994. The ENDF60 
library is comprised of 124 nuclide data files 
based on the ENDF/B-VI evaluations through 
Release 2. Fifty-two percent of these ENDF/B-
VI evaluations are translations from ENDF/B-V. 
The remaining forty-eight percent are new 
evaluations which have sometimes changed 
significantly. The new evaluations include 
important materials for criticality safety 
calculations, as well as significant enhancements 
such as isotopic evaluations, better resonance-
range representations, and the new correlated 
energy-angle distributions for emitted particles. 
In particular, the upper energy limit for the 
resolved resonance region of 

235TJ, 238TJ 
and 

239pu has been extended from 0.082, 4.0, and 
0.301 keV to 2.25, 10.0, and 2.5 keV 
respectively. As part of the overall quality 
assurance testing of the ENDF60 library, 
calculations for well known benchmark 
assemblies were performed. This benchmarking 
effort included revising the standard nine 
criticality benchmarks documented in previous 
Los Alamos National Laboratory Reports, LA-
12212 and LA-12891, as well as the 
implementation of new Cross Section Evaluation 
Working Group (CSEWG) benchmarks [2-4]. 
Comparisons of benchmark results for different 
data libraries can aid the user in understanding 

how well an evaluation performs for their 
application. 

INTRODUCTION 
Accurate calculations of radiation transport 

and neutron multiplication of complex systems 
are common in the criticality safety field. As 
regulatory oversight has advanced and 
performing critical experiments has become more 
difficult, reliance on using physically detailed 
methods in computer codes, such as MCNP, has 
increased. These codes also require the best data 
libraries for accurate results, such as those 
contained in the latest version of the US standard 
Evaluated Nuclear Data Files, ENDF/B-VI [5]. 
For the criticality safety expert, it is the 
performance of the combined transport code and 
data library that is of interest, and the purpose of 
this paper is to present results to help in 
determining the best data library to use for their 
applications. 

The ENDF/B-VI (B-VI) evaluations were 
first released in 1990. The original release was 
followed by Release 1 in 1991, and by Release 2 
in 1993. Fifty-two percent of the evaluations 
used for the ENDF60 library are translations 
from ENDF/B-V. The remaining forty-eight 
percent are new or modified evaluations, which 
have sometimes changed significantly. Among 
these changes are a greatly increased use of 
isotopic evaluations (especially for important 
structural materials like Fe, Cr, Ni, and Cu), 
much more sophisticated and extensive 
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resonance-parameter evaluations (such as 235TJ 
and 238TJ) ? and energy-angle correlated 
distributions for emitted particles. Fission yield 
and radioactive decay data have also been 
expanded. 

The ENDF-format evaluations were 
processed using the NJOY Nuclear Data 
Processing System [6] to produce data libraries 
in the ACE (A Compact ENDF) format used by 
MCNP. During the period 1989 to 1993, NJOY 
was gradually updated to handle most of the new 
features of B-VI. Additionally, MCNP was 
updated to support these new features and 
MCNP4A was released in late 1993. These 
features include the addition of three new 
scattering laws. The new laws involved new data 
formats, processing methods, transport physics, 
and next-event estimator and point detector 
sampling schemes. The three laws are the 
Kalbach-87 energy-angle formalism (ENDF File 
6 LAW=1, LANG=2; MCNP law 44), the 
laboratory correlated angle-energy law (ENDF 
File 6 LAW=7; MCNP law 67), and the n-body 
phase-space law (ENDF File 6 LAW=6; MCNP 
law 66). Extensive testing was carried out to 
ensure that the new scattering laws were properly 
implemented in MCNP4A, and that both 
transport and next-event estimator solutions 
agreed. A more detailed discussion of these laws 
and some approximations used in their 
implementation can be found in reference [3]. 

This work culminated in the processing of the 
materials for the ENDF60 library using NJOY in 
late 1993, the testing of the library with 
MCNP4A through the summer of 1994, and the 
release of the ENDF60 library in the fall of 1994 
to the Radiation Shielding Information Center 
(RSIC) at Oak Ridge National Laboratory. The 
RSIC package MCNPDAT6 contains the 
ENDF60 neutron library, a new photon library 
MCPLIB02, the electron library ELI, and an 
updated XSDIR file. The new photon library 
MCPLIB02 extends the photon interaction data 
from 100 MeV to 100 GeV, based upon the 
Lawerence Livermore National Laboratory 
(LLNL) Evaluated Photon Data Library (EPDL). 

ENDF60 DATA TESTING 
A number of new quality assurance tests for 

the ENDF60 library were implemented by the 
Nuclear Theory and Applications group (T-2) 
and the Radiation Transport group (X-6). At the 
lowest level, these included trials to make sure 
that the files could be printed, plotted, converted 
to other forms, and staged into MCNP correctly. 
Key materials were examined and new features 
were validated by comparison to hand 
calculations. Many of these low level tests have 
now been incorporated into the ACER module of 
the NJOY code to help other users to be able to 
generate reliable data libraries. Additionally, 
integral tests were performed by comparing the 
ENDF60 library with previously available data 
libraries for a set of infinite-medium and photon 
production simulations [7,8]. 

These kinds of checks are useful for finding 
errors in the codes and data sets, but most users 
are more interested in how the combination of the 
transport code and the data library will perform 
for their applications. For this reason, the 
ENDF60 data library was also compared with 
experimental benchmarks using the Lawrence 
Livermore Pulsed Sphere experiments and a set 
of four iron benchmark experiments [9,10] 
Additionally, results from the ENDF60 and the 
ENDF/B-V (B-V) based data libraries were 
compared for a set of nine benchmark critical 
assemblies [2] for MCNP, and for a set of 
twenty-five benchmark problems for the KENO 
code [11]. Most of the previous MCNP 
benchmarks had been simplified, and some of the 
KENO problems are repeats of one another or 
fictitious (such as an infinite cylinder). Because 
of these limitations, these results were useful for 
seeing how the codes and libraries have changed, 
but were not necessarily useful for determining 
the usefulness of a processed evaluation for a 
particular application [3]. 

BENCHMARKING RESULTS 
The benchmarking effort began with a review 

of the standard nine critical assemblies 
documented in LA-12212. Additionally, we 



have added ten new benchmarks using the 
specifications from the CSEWG data testing 
manual. To date, no review of the KENO tests 
cases has been performed. Seven of the nine 
critical assemblies have been revised, while the 
remaining two assemblies are known to have 
errors and are still under review. 

In the current test suite, there are now four 
bare critical assemblies; Godiva (CSEWG-F5) is 
a bare sphere of highly enriched uranium [4,11-
13], Jezebel (CSEWG-F1) is a bare sphere of 
enriched 2 3 9 P u [4,11-13], Jezebel-Pu (CSEWG-
F21) is a bare sphere of 20% 2 4 0 P u [4,11-13], 
and Jezebel-23 (CSEWG-F19) is a bare sphere 
0 f 233u [4,12]. There are four low enrichment 
assemblies for uranium. The benchmarks are 
homogenized versions of stacked U(93.3) and 
U(N) cylinders; LOW-1 at 10.9% average 
enrichment, Low-2 at 12.32%, LOW-3 at 
14.11%, and LOW-4 at 16.01% [12-14]. There 
are four natural uranium reflected assemblies; 
Flattop-25 (CSEWG-F22) with a core of 
enriched uranium [4,12-13], Flattop-Pu 
(CSEWG-F23) with a core of 2 39p u [4,12-13], 
Flattop-23 (CSEWG-F24) with a core of 2 3 5 U 
[4,12-13], and Bigten (CSEWG-F20) a larger 
assembly with a 10% 2 35y core [4,15]. 
Additionally, there is also a natural thorium 
reflected 2 39p u sphere benchmark, Thor 
(CSEWG-F25) [4,12]. There are four thermal 
benchmarks. The first four are solutions of 
uranium or water moderated uranium spheres; 
3xU(93.2)F202 three uranyl flouride cylinders 
[16,17], ORNL-1 (CSEWG-T1) a large sphere 
of uranyl nitrate solution [4], L-7 (proposed 
CSEWG) a water-reflected sphere of uranyl 
fluoride solution [18], and a water-reflected 
uranium sphere [11,19. 

The results for these assemblies are given in 
Table I for both the ENDF/B-V and ENDF/B-VI 
libraries. The entries for revised assemblies are 
indicated by a * and can be compared to the 
previously published results to see the effects of 
the revised models [2-3]. 

The results for the bare 2 35| j and plutonium 
spheres have improved significantly with the 
ENDF60 library. The results for the four low-
enrichment uranium cylinders have sometimes 
changed significantly and in general the results 
are better for the ENDF60 library. 

The 233TJ evaluation was translated from B-
V to B-VI, however photon production was 
added after the MCNP B-V based library was 
processed. For these benchmarks, the addition 
of photon production to the evaluation should not 
affect the results. The primary changes between 
MCNP libraries for 2 3 3 J J are d u e to 
improvements in the processing code NJOY. 
The results in Table I indicate that both libraries 
give equivalent results for Jezebel-23 and 
Flattop-23. 

All of the natural uranium reflected 
assemblies give slightly high results for kgff for 
both B-V and B-VI, though the results show 
significant improvement for the plutonium 
assemblies of Flattop-Pu and Thor. The 
CSEWG benchmarks have always given 
moderately high results for these assemblies, and 
it suggests that some work needs to be for 2 38u. 
While the thorium reflected assembly, Thor, has 
improved somewhat from B-V to B-VI, the result 
is still quite high. This has also been a long
standing feature of the CSEWG benchmark, and 
may indicate a need for a new evaluation of 
thorium. 

The performance of ENDF60 for thermal 
systems is more complicated. The results for the 
water-reflected sphere of uranium and L-7 remain 
relatively unchanged. The results from 
3xU(93.2)F2C>2 and ORNL-1 show a significant 
decrease in keff from B-V to B-VI. Prehminary 
results for TRX-1, a water-moderated lattice of 
low-enriched uranium-metal fuel, and BAPL-1, a 
water-moderated lattice of low-enriched uranium-
oxide fuel, also show a significant decrease in 
k^f from B-V to B-VI. It is difficult to separate 
out the contribution to the change in kgff as H, 
C, N, O, F, and 2 38TJ are also all new 



Table I: Criticality Benchmark Results for MCNP 

ENDF/B-V ENDF/B-VI 
Godiva * 

CSEWG-F5 
0.9953 + 0.0011 0.9992 ± 0.0012 

Jezebel * 
CSEWG-F1 

1.0051+0.0018 1.0003 ± 0.0020 

Jezebel-Pu * 
CSEWG-F21 

1.0041 ±0.0011 1.0003 ± 0.0012 

Jezebel-23 
CSEWG-F19 

0.9923 ±0.0011 0.9926 ± 0.0010 

LOW-1: UQ0.9) * 1.0024 ± 0.0005 1.0006 ± 0.0006 
LOW-2: U(12.32) 1.0041 ± 0.0006 1.0019 ± 0.0006 

LOW-3:U(14.11)* 1.0022 ±0.0007 0.9984 ± 0.0006 
LOW-4: U(16.01) 1.0042 ±0.0007 0.9997 ± 0.0006 

Flattop-25 
CSEWG-F22 

1.0058 ±0.0015 1.0048 ± 0.0013 

Flattop-Pu 
CSEWG-F23 

1.0088 ±0.0015 1.0042 ± 0.0015 

Flattop-23 
CSEWG-F24 

1.0031 ± 0.0015 1.0041 ± 0.0015 

Bigten -2D 
CSEWG-F20 

1.0031 ± 0.0010 1.0053 ±0.0011 

Thor 
CSEWG-F25 

1.0138 ± 0.0014 1.0083 ± 0.0013 

3 x U(93.2)F 202 * 0.9987 ± 0.0009 0.9929 ± 0.0010 
ORNL-1 

CSEWG-T1 
1.0007 ± 0.0010 0.9956 ± 0.0009 

L-7 
Proposed CSEWG 

1.0034 ± 0.0017 1.0022 ± 0.0016 

Water-Reflected * 
Uranium Sphere 

0.9967 ± 0.0019 0.9946 ± 0.0018 

evaluations. Simulations performed using the B-
V evaluation for 235|j with all other nuclides 
specified as B-VI gave values for kgff of 0.9944 
± 0.0010, 0.9963 ± 0.0009, 1.0007 ± 0.0019, 
and 0.9907 ± 0.0016 for 3xU(93.2)F202, 
ORNL-1, L-7, and the water-reflected uranium 
sphere respectively. This indicates a decrease, 
sometimes very small, in kgff for most of the B-
V and B-VI results with the exception of the B-
VI results for 3xU(93.2)F2C>2 and ORNL-1. 

This would suggest that the B-VI evaluation for 
235TJ j s more reactive, giving higher values for 
keff, but that the presence of the other nuclides 
significantly affects the results for kgff in these 
solutions. In the past, the CSEWG thermal 
data testing effort has obtained interesting results 
for both large homogeneous uranyl-nitrate 
solution assemblies (ORNL-1 and others) and for 
smaller uranyl-fluoride assemblies (L-7 and 
others). Earlier B-V and B-VI multigroup 



comparisons showed a trend of increasing 
multiplication with increasing leakage (typically 
0.6 to 0.7 percent between the low leakage and 
high leakage limits) [20]. In addition, the 
multiplication for the low-leakage systems with 
B-VI gave low values for kgff by approximately 
0.3 percent, with B-V values being very close to 
1.0. Further analysis suggested that the 
resonance capture integral for 235TJ w a s the 
source of the leakage bias and small problems in 
the thermal cross sections were responsible for 
the low multiplication. A modified evaluation 
has been prepared for Release 3 of ENDF/B-VI 
[21]. 

CONCLUSIONS 
The combination of MCNP4A and the 

ENDF60 library is now available for making 
criticality safety calculations. The combination of 
MCNP with continuous-energy data of ENDF60 
provides a very powerful and defendable tool, 
giving improved results for a variety of critical 
assemblies. The new 235TJ d ata which will 
become available from Release 3 of B-VI will 
hopefully improve the performance even more, 
particulary for solutions of low-enriched 
uranium. We are continuing to revise older 
benchmarks and implement new ones. Results 
using the new 235rj evaluation will be presented. 
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