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ABSTRACT 

A primary source of microscopic nuclear data for pro-
cessing into multi-group cross sections is the Evaluated 
Nuclear Data File (ENDF/B). This data file is maintained and 
distributed by the National Nuclear Data Center (NNDC) of 
Brookhaven National Laboratory. The File is based on nuclear 
data evaluations provided by members of the Cross Section 
Evaluation Working Group (CSEWG). A new version of the ENDF/B 
(ENDF/B-V) is in preparation for release in the first half of 
1978. 

In order to improve the accuracy and reliability of 
ENDF/B-V, extensive improvements were made in the checking 
programs and the review kits. New evaluations are processed 
through three levels of checking codes that detect errors in 
formats, consistency, and physical information, in that order. 
Kits consisting of the results of checking codes, documentation 
and plots are presented to designated reviewers for comments. 
Upon receiving CSEWG approval, evaluations are included in 
ENDF/B. The major materials in the General Purpose File are 
being revised for ENDF/B-V where new measurements indicate 
improvements are required. The number of materials containing 
photon production data have been increased. A revision of the 
Photon Interaction File is planned for the end of 1978. 

An extensive set of integral experiments have been 
adopted as CSEWG Benchmarks to test ENDF/B data. Benchmark 
experiments have been selected to test data for thermal and 
fast reactor, shielding and dosimetry applications and addi-
tional benchmark candidates are reviewed on a regular basis. 
CSEWG performs interlaboratory comparisons of the benchmark 
results. 

A primary source of microscopic nuclear data for processing 
into multi-group cross sections is the Evaluated Nuclear Data File 
( E N D F / B ) . T h i s data file is maintained and distributed by the 
National Nuclear Data Center (NNDC) of Brookhaven National Laboratory. 
The file is based on nuclear data evaluations provided by members of 
the Cross Section Evaluation Working Group (CSEWG). 
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The characteristics of ENDF/B are described in Figure 1. Useful 
features of ENDF/B are its completeness, gaps in critically evaluated 
experimental data are filled in by theory; and its integration into 
current methodology, interfacing of the data base to major application 
codes has been provided. Revised versions of ENDF/B have appeared in 
1967, 1970, 1972, and 1974 with a new version planned for early 1978. 

The CSEWG laboratories contributing to the development of ENDF/B 
are shown in Figure 2. The chairman of CSEWG is Sol Pearlstein of BNL. 
The committee has several technical subcommittees whose responsibilities 
lie in the areas of data content, data testing, formats and procedures 
and special applications. Figure 3 lists the present committees and 
their chairmen. The Data Testing Subcommittee organizes the review of 
each ENDF evaluation first by arranging for a review of each evaluation 
by an independent measurer, evaluator or user. Secondly, they organize 
the testing of evaluated data using well documented integral benchmark 
experiments. All evaluations must be approved by Data Testing before 
release. The Codes and Formats Subcommittee is responsible for ap-
proving all changes to the ENDF formats and recommended procedures. 
In addition, it coordinates the computer code development activities 
for programs which process ENDF data files. The Normalization and 
Standards Subcommittee is responsible for the consistent evaluation 
of the neutron reaction standards and for thermal cross sections. 

The CSEWG-ENDF system was initiated approximately twelve years 
ago with the support of the USAEC's Division of Reactor Development. 
Originally proposed some two years earlier, it was conceived to be a 
common data base to be used in the nuclear design of neutron reactors. 
The development of such a data base had obvious advantages when com-
paring the nuclear performance of competing reactor designs. 
Brookhaven National Laboratory was asked to organize the development 
of this nuclear data base, hence the formation of CSEWG. All AEC 
contractors interested in nuclear data were invited to participate. 

In the beginning, two data files, ENDF/A and ENDF/B were con-
ceived. ENDF/B was the designation of the data file containing the 
recommended complete material evaluations whereas, ENDF/A was to 
contain other evaluations and various small partial evaluations. The 
initial contents of ENDF/B were heavily oriented toward thermal and 
fast reactor core physics design and covered the energy range from 
10"5 eV to 10 MeV. ENDF/B-I consisted primarily of existing evalu-
ations converted to the ENDF format. ENDF/B-II represented an attempt 
to remove the deficiencies found when comparing ENDF/B-I with both 
differential neutron data and integral experiments. The development 
of data checking codes and data processing codes such as CHECKER and 
MC2 were carried on to promote quality and general availability to 
the user community. 
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CHARACTERISTICS OF ENDF/B 

- COMPLETE INFORMATION BASE 
- DOCUMENTED 
- DEVELOPED COOPERATIVELY 
- INTEGRATED INTO METHODOLOGY 
- APPLICATION INDEPENDENT 
- REVISED PERIODICALLY 

Fig. 1. 
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CSEWG COMMITTEE ORGANIZATION 
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Fig. 3 

ENDF PROCESSING CODES 
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Fig. 4 
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Production of ENDF/B-III represented an attempt to improve the 
higher energy data especially for shielding calculations. The energy 
range was extended to 15 MeV and photon production data added to the 
ENDF system. Uniform coverage of the energy range 10" 5 eV to 20 MeV 
was a goal of ENDF/B-IV. The desire to calculate long term burn up 
effects and decay heat properties of reactor systems led to the in-
troduction of formats to handle nuclear decay and radioactivity data. 
Decay data for over 800 nuclides was added to ENDF for Version IV. 
Care was taken to attempt to resolve continuing neutron data incon-
sistencies by taking special care of the neutron standard reactions 
and insuring that evaluations of the heavy element fission and cap-
ture cross sections were in agreement with experimentally measured 
ratios. Finally, a special data file of single reaction evaluations 
for important in-core dosimetry applications was made. 

ENDF/B consists of a General Purpose File and several Special 
Applications Files. Evaluations in the General Purpose File contain 
most all nuclear data needed for a variety of applications. Evalu-
ations in Special Application Files will generally contain only 
nuclear data of special interest. Special Application Files axist 
for photon-interaction, fission product cross sections and radioactive 
decay, and neutron cross-section standards data. New Special Appli-
cation Files are being developed for actinide, gas production, and 
activation data. 

Based on the experiences with the creation of ENDF/B-IV, the 
checking codes for ENDF/B-V have been greatly improved and extended. 
Briefly the checking codes and their functions are: 

1) CHECKR - this code checks the compliance of the ENDF 
file with the format requirements of the file. With 
the hollerith read option, this program is impervious 
even to incorrect variable types in the input fields. 
In addition, other simple consistency checks are also 
made. 

2) FIZCON - this code checks the physical consistency of 
the data represented in the file. For example, one 
option is to check that partial cross section sum 
correctly to their total. Also, that angular distri-
butions do not go negative and that probability dis-
tributions are normalized to unity. 

3) PSYCHE - this code provides further physics checking 
of the. data files. It calculates resonance integrals 
and checks the energy balance of the various reactions 
specified in the file. This code uses physics infor-
mation not contained in the file to check the reason-
ableness of the data given. 
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A list of codes^ available from the NNDC to users for the 
checking or manipulation of data in the ENDF format is shown in 
Figure 4.. The list includes those codes mentioned above as well as 
RIGEL, STNDRT), and SUMRIZ, to perform accounting or merge and rewrite 
ENDF data inco alternate forms; CRECT, to alter ENDF data; and INTEND, 
INTER and RESEND, to convert data to a standard form and integrate over 
specified energy ranges. 

The review of an ENDF/B material proceeds in two steps as illus-
trated in Figure 5. In the first step called Phase I, the data eval-
uations are given an independent review by other evaluators. In the 
second step called Phase II, the library is tested against integral 
benchmarks. 

Once an evaluation has been processed by the checking codes, one 
of two things can happen. If any errors uncovered are only of a 
clerical nature and the nature of the corrections is clear, the file 
is corrected and a Phase I review kit is prepared. Otherwise, the 
results of the checking codes are returned to the evaluator and he is 
asked to make the necessary corrections and resubmit the evaluation. 

The Phase I review kits, whe*a they have been assembled, are sent 
to the designated CSEWG reviewer. The Phase I review kit consists of 
the Evaluators Summary Sheet, a listing of the file, the output of the 
checking codes, a summary of the contents of the file, an expanded 
listing of the data file, and plots of the data in the file. The 
Evaluators Summary Sheet gives the evaluator an opportunity to tell 
the reviewer upon what this evaluation is based and what dfta was 
considered in producing the evaluation. If the evaluation is an up-
grade of a previous evaluation, then changes and improvements are also 
noted. 

The reviewer then reports to the Data Testing Subcommittee of 
CSEWG, via the Phase I Review Sheet, the results of his review. He 
attempts to answer questions concerning the completeness and correct-
ness of the evaluation. More than one reviewer may be asked to re-
view a material especially if it is used in a variety of applications. 

In conclusion, we would like to mention that changes and improve-
ments can be expected in future versions of ENDF/B. These changes can 
be separated into two categories, namely those needed to correct 
problems existing in ENDF/B-V and those needed to meet expected new 
demands for data. 

In the area of new demands, we would expect to find an increas-
ing need for evaluated data between 10 and 40 MeV as evidenced during 
a recent symposium^ sponsored by the National Nuclear Data Center. 
The need relates primarily to the intense neutron sources being planned 
for the study of radiation damage in fusion devices. The solution of 
this problem will come from improved measurement techniques and nuclear 
theory code improvements. 
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We also see an increased need for nuclear recoil data from 
nuclear reactions to aid in damage model analysis. There will also 
be additional needs for covariance information for secondary energy-
angle distributions. 

In the area of charged particle reaction data, we expect in-
creased use of evaluated charged particle data via inverse reactions, 
neutron source reaction and isotope production reactions. Such data 
cannot be generally included in the present ENDF structure which was 
originally designed with only incident neutrons considered. Therefore, 
we will be looking at a possible restructuring of the ENDF format to 
provide a better ability for the system to respond to the varied de-
mands discussed above and others not yet anticipated. 
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