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ABSTRACT

The SCAMPI code package consists of a set of SCALE and AMPX modules that have been assembled
to facilitate user needs for preparation of problem-specific, multigroup cross-section libraries. The function
of each module contained in the SCAMPI code package is discussed, along with illustrations of their use in
practical analyses. Ideas are presented for future work that can enable one-step processing from a fine-group,
problem-independent library to a broad-group, problem-specific library ready for a shielding analysis.

I. INTRODUCTION

Multienergy-group cross-section libraries are currently a necessity for using deterministic radiation
transport codes. ANSI/ANS-6.1.2 cites the need for using problem-specific multigroup cross-section libraries
in nuclear power plant radiation protection and shielding calculations. Other shielding applications have a
similar sensitivity to processing of the cross sections to ensure proper treatment of the resonances and
scattering matrices. However, the process of obtaining problem-specific cross sections can require the user
to prepare the proper input to several computer codes in this multistep process. With this background, the
Radiation Shielding Information Center (RSIC) requested that the Nuclear Engineering Applications (NEA)
staff at Oak Ridge National Laboratory (ORNL) prepare a code package to facilitate the calculational
procedure for creating problem-specific cross sections (working library) from problem-independent
multigroup data (master library). The result is the SCAMPI (SCALE and AMPX Processing Interface) code
package.

I. COMPONENTS OF SCAMPI

As indicated by the acronym, the SCAMPI system consists primarily of modules derived from the
SCALE? and AMPX® code systems. The AMPX system was conceived at ORNL in the late 1960s and has
been continually maintained to provide a full range of code modules that (1) produce multigroup neutron,
gamma-ray production, and/or gamma-ray interaction cross-section data from the Evaluated Nuclear Data
Files (ENDF), (2) spectrally collapse cross sections to fewer groups, (3) perform resonance self-shielding of
cross-section data, (4) execute a one-dimensional (1-D) discrete-ordinates calculation, and (5) perform
miscellaneous cross-section operations (format conversion, consistency checks, listing, plotting, etc.). The
cross-section libraries generated with AMPX can have two very general and flexible formats that are referred
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to as either a “master” or “working” library format. Working libraries are problem-specific and formatted for
system analysis codes such as XSDRNPM.

Many of the AMPX modules used for problem-dependent processing and utility functions have been
included in the SCALE code system. The SCALE code system was designed to perform criticality safety,
radiation shielding, and source-term analyses using control sequences that automate the data processing and
interface with system analysis modules. These control sequences use engineering data and keyword input to
prepare the problem material and geometry specifications and then perform resonance self-shielding, Doppler
broadening, and temperature interpolation of the thermal-scattering matrices to produce problem-dependent
cross sections for the system analysis. Codes such as KENO V.a, KENO VI, MORSE-SGC, ORIGEN-§,
and XSDRNPM are included in SCALE for system analysis.

The intent with SCAMPI is to provide users with a code package that included the AMPX modules
needed to convert a fine-group, problem-independent master library into a broad-group, problem-specific,
working-library format. The reasons for a new code package were the following:

1. A UNIX-based version operable on several workstation platforms would be needed prior to availability
of the entire AMPX system.

2. There was a desire to include some of the simple, automated cross-section processing features available
in the SCALE sequences.

The modules included in SCAMPI and a description of their functionality are provided in Table 1. The GIP
module* in SCAMPI is the only module not available in the SCALE or AMPX systems.

The SCALE control module called CSAS and its associated full-screen PC input processor, CSASIN,?
have been modified and included in SCAMPI to facilitate the creation of problem-specific cross-section
libraries as a one-step process. Within SCAMPI, the CSAS module and the CSASIN input processor have
been modified to provide the analysis sequences listed in Table 2. The input to CSAS consists of

1. keyword specification of the problem-independent cross-section library;

2. keyword specification of the geometry type—infinite homogeneous medium; a sphere, cylinder, or slab
lattice cell; or a 1-D multiregion slab, cylinder, or sphere;

3. keyword specification of an alphanumeric material or nuclide identifier and associated properties
(physical density or number density, isotopic abundance, weight percent of mixture, etc.) and mixture
number; and

4. specification of region dimensions and materials, along with the model boundary conditions.

With this input the CSAS module prepares input specifications for the functional modules accessed by
each analysis sequence shown in Table 2. For each sequence, the BONAMI and NITAWL modules are
accessed to perform problem-specific resonance self-shielding for neutron cross-section libraries that have
Bondarenko factors, resonance parameters, or both. NITAWL also interpolates the available thermal
scattering matrices to the temperature specified by the user. XSDRNPM is accessed if cell-averaged or




Table 1. A list of functional modules included in the SCAMPI code package

Module Function

AIM Converts master cross-section libraries from BCD (card-image) to binary format or vice versa

AJAX Merges, collects, assembles, reorders, joins, and/or copies selected data sets from master libraries

ALE Lists information and data from master or working libraries

ALPO Converts AMPX working library to ANISN library format

BONAMI Performs resonance self-shielding for nuclides that have Bondarenko shielding factors (f-factors)
associated with their cross sections '

CSAS Modified SCALE control module that accesses the material information processor to create problem
input and execute BONAMI, NITAWL, XSDRNPM, ICE, and ALPO in a sequence specified by
the user

CORECTOL Converts pre-AMPX77 master libraries to the AMPX-77 form

FILTER “Filters™ a library into a smaller subset (e.g., reducing a coupled neutron-gamma library to a
neutron-only or gamma-only library)

GIP Converts ANISN-formatted library to an energy-group organized library used by DORT

ICE Uses AMPX working library to produce mixture cross sections in various working formats

LAVA Converts an ANISN working library into an AMPX working library

MALOCS Collapses AMPX master libraries based on specified energy spectrum

NITAWL Applies Nordheim resonance self-shielding treatment to nuclides with resonance parameters included
with their cross sections ,

PERFUME Adjusts nonphysical Legendre polynomial fits to scattering matrices to produce acceptable
distribution

RADE Checks AMPX and ANISN libraries based on known physical properties, €.g., 0, = 0, + 0;

SMILER Converts NJOY-produced cross sections to an AMPX master format

UNITAB Merges data from up to 12 different master libraries (e.g., combines neutron, gamma production,
and gamma on separate libraries into one library

WAX Functions as AJAX but operates using working libraries

XSDRNPM Functions as a 1-D discrete-ordinates code for solving eigenvalue or fixed source problems. Can

produce energy- and spatially weighted cross sections




Table 2. Analysis sequences available in CSAS control module of SCAMPI

Control

sequences Functional modules executed by control sequence

CSASI BONAMI NITAWL-II ICE ALPO
CSASIX BONAMI NITAWL-II XSDRNPM ICE ALPO
CSASN BONAMI NITAWL-II ' ALPO
CSASIX BONAMI NITAWL-II XSDRNPM ALPO

region-averaged cross sections are needed. The ICE module is used to provide a mixed AMPX working
library for use by XSDRNPM or a Monte-Carlo-formatted library for use by MORSE-SGC. For SCAMPI,
the CSAS module was modified to include the ALPO module to create an ANISN-formatted library for use
with shielding analysis codes such as DORT® or ANISN? An ANISN-formatted library must be further
modified with the GIP module to produce the group-organized cross-section library required by DORT.

Again, the CSAS control module is included in SCAMPI to provide an alternative procedure for
straightforward, problem-specific processing of cross-sections. Within the SCAMPI driver, the SCAMPI
modules can each be executed in a stand-alone fashion and linked together consecutively to create any
specific execution path for processing cross-section libraries. If the CSAS module is used, the master
libraries must have nuclide identifiers consistent with the scheme adopted for the SCALE system and
discussed in the documentation for the Standard Composition Library. For master libraries with other
identifiers, the identifiers can be changed using the AJAX module.

One significant code improvement provided in the SCAMPI package is a new version of the
MALOCS program from AMPX. This new version is significantly different than the version provided in ref.
3. The major reason for the update was to provide the capability to correctly collapse Bondarenko factors
(or f-factors) in a master library from a fine-group to broad-group structure using a specified flux spectrum.
Whether libraries use resonance parameters or Bondarenko factors, the use of MALOCS means that a
working library does not have to be created at the fine-group level.

HI. TESTING OF SCAMPI

No cross-section libraries are available with the SCAMPI code package. However, SCAMPI has
been tested using sample problems for the SCALE and AMPX systems and AMPX-formatted master libraries
such as those released with SCALE and the VITAMIN-B6 library.? Two sample problems are included in
the SCAMPI package. These sample problems use the VITAMIN-B6 library to analyze the ZPR-6, Assembly
7 model and the CTR standard blanket model described in ref. 9. Testing was performed on IBM RS/6000,
DEC Alpha, SUN, and HP workstations.

IV. PROCESSING OF CROSS SECTIONS
Solution of the Boltzmann radiation transport equation using multienergy-group techniques remains

of significant importance in the radiation shielding community. However, as evidenced by the above
discussion that includes mention of various cross-section library formats and numerous codes that must be




executed to create a problem-specific library, the shielding analyst can often become somewhat confused
about the process of obtaining accurate multigroup cross sections. The purpose of SCAMPI is to provide
users with a means to create an accurate problem-dependent library from an accurate fine-group, problem-
independent library. In fact the basic components of the library are based somewhat on the modules needed
to create the BUGLE-93 library from the VITAMIN-B6 fine-group library.'® Some users see this process as
so cumbersome that they elect to use an available problem-specific library [e.g., the BUGLE-80 (ref. 11) or
BUGLE-93 (ref. 10)] with, perhaps, insufficient attention to its suitability for the problem at hand. Assuming
that one starts with a fine-group, problem-independent library, it should be possible to create broad-group,
problem-specific libraries based on a single input that specifies general information about the problem
geometry and materials and the desired broad-group structure.

The CSAS module is an initial step towards providing an aid to the user who is not readily familiar
with the various modules or the details of the process of preparing problem-specific cross sections. One
limitation of the sequence is that it does not provide for the use of MALOCS to collapse libraries to a broad-
group structure. Instead, the assumption is that the broad-group library input to CSAS is a pseudo-problem-
independent library that has been collapsed from a fine-group library using a spectrum that is applicable to
a wide class of problems. General use of the CSAS procedure in criticality, shielding, and depletion analyses
within SCALE over the past 15 years has basically validated this assumption while helping to prevent the use
of problem-specific libraries that are not applicable to the problem of concern. However, the approach applied
in CSAS could be strengthened by providing additional execution paths that enable a collapse of the cross
sections either before or after the resonance self-shielding steps.

V. APPLICATION OF SCAMPI

As noted above, the SCAMPI package contains all the modules needed to replicate the process used
to create the BUGLE-93 library.” This process begins with the fine-group, problem-independent VITAMIN-
B6 library, performs resonance self-shielding with BONAMI, calculates flux spectra for particular locations
of a generic model, and then collapses the cross sections to the 47 neutron 20 gamma BUGLE broad-group
structure. To investigate the effect of altering this process, an application involving analysis of the Japan
Power Demonstration Reactor'? (JPDR) was selected. Figure 1 shows the 1-D model of the reactor used in
the XSDRNPM calculation. Figure 2 shows the results of three different responses calculated with two
different broad-group libraries as compared with the response results calculated from a reference fine-group
library. The three responses investigated are the neutron fast flux greater than 1 MeV, the neutron dose, and
the cobalt activation. The following three different cross-section libraries are used in the XSDRNPM
analyses:

1. the fine-group VITAMIN-B6 library with resonance self-shielding via BONAMI (reference case);
2.  a67-neutron broad-group library output from the reference XSDRNPM case; and
3.  a67-neutron broad-group library created by first collapsing the VITAMIN-B6 library with MALOCS

using the reference case spectrum located one-third into the pressure vessel followed by resonance
self-shielding of the broad-group library.

The 67-neutron-group library created by XSDRNPM follows the basic process used to create the
BUGLE-93 library (i.e., resonance self-shielding performed on the fine-group level). The use of MALOCS
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Fig. 1. One-dimensional cylindrical geometry model of JPDR at core midplane level.
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Fig. 2. Response differences due to cross-section processing.




to create a 67-neutron-group master library from a generic reactor shielding spectrum is the process typically
used in the SCALE code system (i.e., resonance self-shielding performed on the broad-group level) and
available in SCAMPI via the use of the CSAS module.

The results shown in Fig. 2 indicate the three responses are fairly insensitive to the two procedures
used here for the creation of problem-specific, broad-group libraries. The XSDRNPM-collapsed procedure
provides more accurate results in comparison to the reference case for the fast flux and neutron dose
responses. However, the alternative procedure using a pseudo-problem-independent broad-group library is
within 3% of the reference case results. Indeed, for the cobalt activation response, the generic broad-group
library provides better agreement with the reference case than does the XSDRNPM-collapsed library. Of
further interest would be the use of these two broad-group libraries to analyze different reactor shielding
structures. For some cases it could well be that the XSDRNPM-collapsed library would be less accurate than
the generic broad-group library because of the ability to readily use problem-specific parameters in the self-
shielding process.

The results shown in Fig. 2 indicate that if a spectrum that is characteristic of a class of problems is
used to collapse a problem-independent fine-group library, then the resulting broad-group library can be
accurately applied to that class of shielding analysis problems, and problem-specific resonance self-shielding
can be readily performed at the broad-group level.

VL. SUMMARY

The SCAMPI code package has been assembled to provide ready access to the calculational tools
needed to process fine-group, problem-independent libraries into problem-specific, broad-group libraries. A
control module to automate resonance self-shielding of fine-group libraries or generic broad-group libraries
has been included. Further enhancements of this control module could provide users with an easy-to-use tool
for one-step processing of data for each specific problem of concern. Particularly, the control module would
have to include the option to collapse cross sections based on specified or calculated flux spectra. Inclusion
of GIP into the analysis sequence accessed by the control module would also be beneficial.

VII. REFERENCES

1. SCAMPI: SCALE and AMPX Processing Interface Code Package, Available from Radiation
Shielding Information Center, Oak Ridge National Laboratory, as PSR-352.

2. SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing
Evaluation, Vols. I-III, NUREG/CR-0200, Rev. 4 (ORNL/NUREG/CSD-2/R4), Vols. I-1II (April
1995). Available from Radiation Shielding Information Center as CCC-545.

3. N. M. Greene, W. E. Ford II, L. M. Petrie, and J. W. Arwood, AMPX-77: A Modular Code System
Jor Generating Coupled Multigroup Neutron-Gamma Cross-Section Libraries from ENDF/B-IV
and/or ENDF/B-V, ORNL/CSD/TM-283, Martin Marietta Energy Systems, Inc., Oak Ridge Natl.
Lab., October 1992. Also available from Radiation Shielding Information Center, Oak Ridge National
Laboratory, as PSR-315.




10.

11.

12.

W. A Rhoades and M. B. Emmett, “DOS: The Discrete Ordinates System,” in SCAMPI: Collection
of Codes for Manipulating Multigroup Cross-Section Libraries in AMPX Format,” PSR-352,
Radiation Shielding Information Center, Oak Ridge Natl. Lab., 1995.

S. M. Bowman, OFFSCALE: A PC Input Processor for the SCALE Code System, The CSASIN
Processor for the Criticality Sequences, NUREG/CR-6182, Vol. 1 (ORNL/TM-12663/V1),
November 1994.

W. A Rhoades and R L. Childs, "DORT - A Two-Dimensional Discrete Ordinates Transport Code,"
Code Package CCC-484/DORT, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab,,
Radiation Shielding Information Center (1988).

W. W. Engle, Jr., A User’s Manual for ANISN, A One-Dimensional Discrete Ordinates Transport
Code with Anisotropic Scattering, K-1693, Union Carbide Corp., Nucl. Div., Oak Ridge Gaseous
Diffusion Plant, March 1967.

J. E. White, R. Q. Wright, D. T. Ingersoll, R. W. Roussin, N. M. Greene, and R. E. MacFarlane,
“VITAMIN-B6: A Fine-Group Cross Section Library Based on ENDF/B-VI for Radiation Transport
Applications,” pp. 733-36 in Nuclear Data for Science and Technology, Proc. of the International
Conference, ed. J. K. Dickens, Oak Ridge National Laboratory (1995).

R. W. Roussin et al., “VITAMIN-C: The CTR Processed Multigroup Cross Section Library for
Neutronics Studies,” ORNL/RSIC-37 (1980). RSIC Data Library Collectiom DLC-41/VITAMIN-C.

D. T. Ingersoll et al., Production and Testing of the VITAMIN-B6 Fine Group and the BUGLE-93
Broad-Group Neutron/Photon Cross-Section Libraries Derived from ENDF/B-VI Nuclear Data,
NUREG/CR-6214 (ORNL-6795), U.S. Nuclear Regulatory Commission, January 1995.

R. W. Roussin, “BUGLE-80: Coupled 47 Neutron, 20 Gamma-Ray, P3, Cross-Section Library for
LWR Shielding Calculations,” Informal Notes (1980). Radiation Shielding Information Center
(RSIC) Data Library Collection, DLC-075/BUGLE-80.

T. Sukegawa, N. Sasamoto, and K. Fujiki, Accuracy Verification for Calculation of Inventory in
JPDR Due to Neutron Activation, INDC(JPN)-164, International Nuclear Data Committee, Vienna,
March 1993.




DUPCHECK-ID-NUMBER: 96001568858

<013>
<014>
<015>
<016>
<020>
<022>
<030>
<040>
<050>
<072>

<080>
<110>
<150>
<240>
<241>
242>
<243>
<245>
<246>
<247>
<248>
<249>
<251>
<276>
<291>
<293>
<295>
<370>
<376>
<390>
<400>
<421>
<425>
<426>
<449>
<510>
<520>
<530>
<540>
<550>
<560>
<570>
<600>
<610>
<686>
<690>

<700>
<801>

<805>

DATE-COMPLETED
DATE-OF-RECORD-ENTRY
DATE-RECEIVED

COPIES~RECEIVED

DOCUMENT~TYPE

MEDIUM~-CODE

CLASSIFICATION-CODE
LITERARY-INDICATOR
GPO~SUPERINTENDENT~OF=~DOCUMENTS
PERSONAL~AUTHOR~AND-AFFILIATION

Parks, C.V.; Petrie, L.M.; Bowman, S.M.

SPONSORING-ORGANIZATION-CCODE
TITLE-ENGLISH
PRIMARY-REPCRT~-NUMBER
CONTRACT-NUMBER-DOE
ABBRREV-CONTRACT-NUMBER~DOE
AWARDING-OFF ICE-CODE
BUDGET-REPORTING-CODE
LEGIBILITY-CODE
DOE-INITIATING-OFFICE~-CCDE
MICROFICHE-DISTRIBUTION-CODE
VENDOR~ID-CODE

VENDOR-NAME
REPORTING-REQUIREMENT
DUPCHECK-BYPASS—~FLAG
PACKED~-PRIMARY-REPORT-NUMBER
PREFIX

INDEX-DOCUMENT~NUMBER
PUBLICATION-DATE _
REPORT-TYPE-CODE~-AND~FREQUENCY
PAGES-BIBLIOGRAPHIC
REPORT-DISTRIBUTION=-CODE
LANGUAGE-CODE

AUDIENCE-CODE

LIMITATION-CODE
CONFERENCE-NUMBER
DISTRIBUTION-CATEGORY -
PROJECT-STATUS
ANNOUNCEMENT-CODE
EDB-SUBJECT-CATEGORIES
SOURCE~OF-BIBLIOGRAPHIC-INPUT
COUNTRY~OF-INTELLECTUAL-ORIGIN
COUNTRY~QOF-PUBLICATION
INIS-TYPE

INIS~-CATEGORIES
DOCUMENT-STATUS-CODE

COMMENTS

1 co
CORPORATE~-CODE
SUBRJECT~DESCRIPTORS

MASTER RECORD REPORT PAGE: 1

PERMANENT-DOCUMENT-NUMBER: M96008672 000

6og§8§dhead, B.L.; Greene, N.M.; White, J.E.
SCAMPI; A code package for cross—section processing
CONF-960415--31 v
AC05-960R22464

QR22464

%
0
OR

4

255460-0001-5

%gCKHEED MARTIN ENERGY RES COR
N

CONF96041531

DE

M96008672

él996%
/04/96

EDB;ERA;ETD; INS;NTS
560180;990301;990200
TIC
Us
Us

R
C5400;F3100;F5000
000

and ORNL Document Clearance Form to ESTSC (Walt Kelly)
4832000

RADIATICN PROTECTION;SHIELDING:T1;S CODES:Q1;LIBRARIES;CROSS SECTIONS:TZ;NUCLEAR DATA

COLLECTIONS:01,02
INIS-DESCRIPTORS

CROSS SECTIONS:T2;LIBRARIES;NUCLEAR DATA COLLECTIONS:Q1,Q2;RADIATION PROTECTION;S CODES:Q1;

SHIELDING:T1

<931> AVATLABILITY-CODE
<950> ABSTRACT

OS;NT; IN

The SCAMPI code package consists of a set of SCALE and AMPX modules that have been
assembled to facilitafe user needs for
cross-section libraries. The function . i
is discussed, along with illustrations of their use in practical analyses. Ideas are
presented for future work that can enable one-step processing from a 1ne-grou P
problem~independent library to a broad-group, problem-specific library ready for a
shielding analysis.

greparation of problem.--specificé multigroup
o

each module contained in the SCANTI Code package




