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INTRODUCTION

The generation and use of multigroup cross-section libraries with broad
energy group structures is primarily for the economy of computer resources.
Also, the establishment of reference broad-group libraries is desirable in order to
avoid duplication of effort, both in terms of the data generation and verification,
and to assure a common data base for all participants in a specific project.
Uncertainties are inevitably introduced into the broad-group cross sections due
to approximations in the grouping procedure. The dominant uncertainty is
generally with regard to the energy weighting function used to average the
pointwise or fine-group data within a single broad group. Intelligent choice of the
weighting functions can reduce such uncertainties. Also, judicious selection of
the energy group structure can help to reduce the sensitivity of the computed
responses to the weighting function, at least for a selected set of problems.

Two new multigroup cross section libraries have been recently generated
from ENDF/B-V data for two specific shielding applications. The first library1 was
prepared for use in sodium-cooled reactor systems and is available in both
broad-group (61-neutron, 23-photon) and few-group (22-neutron, 10-photon)
energy group structures. The second library,2 just recently completed, was
prepared for use in air-over-ground environments and is available in a broad-
group (46-neutron, 23-photon) energy structure. The selection of the specific
group structures and weighting functions was an important part of the generation
of both libraries.

LIBRARY DESCRIPTION

Many of the materials included in ENDF/B-V have previously been
processed into a general purpose multigroup library denoted VITAMIN-E.3 This



library achieves generality through: (a) its relatively fine 174-neutron, 38-photon
energy group structure, which largely eliminates the concern for application-
dependent energy weighting, and (b) its flexible AMPX4 data format, which
permits problem-dependent processing of the data. The VITAMIN-E library,
rather than the ENDF/B-V data files, was used to generate both libraries in order
to save considerable effort associated with processing pointwise data into
multigroup form. An additional level of reliability is also gained since many of the
VITAMIN-E materials have already been used and tested in other applications.

All of the materials currently included in VITAMIN-E are included in the
broad-group libraries. One material requires a special note: The VITAMIN-E
library contains a recent reevaluation for iron (sponsored by ONA) which is not an
official ENDF/B-V evaluation. This data set is based on the final ENDF/B-V iron
data set (Mod 3), but contains significant improvements over the Mod 3
evaluation.5 This new iron data set has been shown to provide substantially
better agreement with integral experiment data and was selected as the best
evaluation of iron for inclusion in the libraries.

The first library was generated specifically for use in shielding analyses for
sodium-cooled fast reactor systems. The broad-group version of the library is
designated VELM61, an acronym for VITAMIN-E Liquid Metal (plus the number of
neutron energy groups). The few-group version of the library is similarly
designated VELM22. Both neutron energy group structures reflect the dominant
cross section structures of sodium and iron. This feature helps to make the
group-averaged cross sections less sensitive to the precise energy weighting of
the fine groups.

The second library was generated for use by the defense radiation transport
community and is designated DABL69, an acronym for Defense Applications
Broad-group Library (plus the total number of energy groups -- 46 neutron
groups and 23 photon groups). The energy group structure and specific
weighting functions used in the library were developed through analysis of
representative air-over-ground and shielded vehicle test problems.

The two libraries contain cross sections which have been collapsed using a
single "standard" weighting function and several problem-dependent weighting
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functions for the neutron and photon production data. For the photon interaction
data, a function which is flat in energy was used in the VELM61 (and VELM22)
library, while an inverse energy (flat in lethargy) function was used for the
DABL69 library. In the latter case, using a 1/E weighting of the photon
interaction data was shown to yield significantly better agreement between the
fine-group and broad-group responses for representative air-over-ground and
shielded geometries.

The new libraries are available in two formats. These include the standard
ANISN6 format and the AMPX master format.4 The AMPX format is more flexible
than the ANISN format, but is not directly usable for most standard radiation
transport codes. Its value is in the fact that all the various partial cross sections
are retained in separate records and can be retrieved as needed for special
purposes. Also, additional temperature-dependent self-shielding parameters
exist in the files so that problem-dependent cross sections can be easily
prepared.

Finally, several special source spectra and response functions were
prepared for both libraries. Source spectra include various fission and fusion
spectra. Responses include several different dose responses, atom
displacements, kerma factors, activation cross sections, and specific neutron and
gamma-ray detector responses.

SUMMARY

In summary, two broad-group cross section libraries have been prepared
which will improve the accuracy and reliability of shielding analyses for their
respective applications. The libraries, based on ENDF/B-V data, include special
group structure tailoring and special energy weighting of the group data to
achieve optimum economy.
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