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1. Introduction

The "Selection of MCNP Cross Section Libraries" report documents the selection of continuous-
energy cross section libraries to be used with MCNP (Ref 1) in criticality benchmark
calculations. This report contains comparative graphical representations of the various
continuous-energy cross section libraries available for each element or isotope. In the context of
this report, the term "cross section library" refers to an individual cross section data table,
delineated by a unique MCNP ZAID (cross section data table identifier), for any element or
isotope.

1.1; Background

MCNP has the capability to model complex geometries and implement continuous-energy cross
section libraries rather than only multi-group cross section libraries. For these reasons, MCNP is
currently used by the Waste Package Design Department (WPDD) to perform criticality,.
shielding, and other particle-transport-based calculations. Cross section libraries must be
assigned to each element or isotope defining a material composition in an MCNP input deck.
Multiple continuous-energy cross section libraries are available for use with many elements and
isotopes. A specified set of continuous-energy cross section libraries must be established to
ensure consistency throughout the various criticality benchmark and design calculations.

1.2. Objective

The objective of the "Selection of MCNP Cross Section Libraries" report is to present the basis
for selecting specific MCNP cross section libraries to be used in the criticality benchmark
calculations that support the "Disposal Criticality Analysis Methodology Topical Report." The
"Disposal Criticality Analysis Methodology Topical Report" will be presented to the United
States Nuclear Regulatory Commission when approved by the United States Department of
Energy Office of Civilian Radioactive Waste Management.

1.3. Scope

The "Selection of MCNP Cross Section Libraries" report will present the reasoning for selecting
specific MCNP cross section libraries. The report is to be a supporting document for other
reports and calculations that will support the "Disposal Criticality Analysis Methodology Topical
Report."

1.4. Quality Assurance (QA)

The QA program applies to the development of this report The information provided in the
technical document is to be indirectly used in the evaluation of the Mined Geologic Repository
waste package and engineered barrier segment. The waste package and engineered barrier
segment have been identified as items important to safety; waste isolation, and physical
protection of materials in the QAP-2-3 evaluation entitled "Classification of the Preliminary
MGDS Repository Design" (Ref 2, TBV-228). Ibe WPDD responsible manager has evaluated
the technical document development activity in accordance with QAP-2-0, 'Conduct of
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Activities." The QAP-2-0 activity evaluation, "Develop Technical Documents" (Ref. 3), has
determined that the preparation and review of this technical document is subject to "Quality
Assurance Requirements and Description" (Ref. 4) requirements. As specified in NLP-3-1 8,
"Documentation of QA Controls on Drawings, Specifications, Design Analyses, and Technical
Documents," this activity is subject to QA controls.

1.5. Use of Computer Software

The MCNP code (Ref. 1) was used to generate the cross section library plots documented in this
report. The software specifications are as follow-

* Program Name: MCNP
* Version/Revision Number: Version 4B2
* CSCI Number: 30033 V4BLV
* Computer Type: HP 9000 Series Workstation

The MCNP input file used in the generation of the various cross section plots is presented in
Section 5. The MCNP generated cross section plots are contained on the attached CD-ROM
identified as Attachment 1. The MCNP software used was: (a) appropriate for the application of
cross section plotting, (b) used only within the range of validation, (c) obtained from the
Software Configuration Manager in accordance with appropriate procedures.

2. Description of Cross Section Processing for MCNP

Figure 2.1 presents a graphical representation of the cross section processing for MCNP.
Basically, the evaluated nuclear data files are processed into formats which are accessible to
neutron transport codes. The evaluated nuclear data files are developed based on experimental
measurements, predictions of nuclear models, and evaluator experience. Several sources of
evaluated nuclear data files exist. The primary sources of evaluated nuclear data files used in the
United States include the following (pp. 2-17 through 2-18, Ref. 1):

* ENDFIB system.
* LLNL (Lawrence Livermore National Laboratory) Evaluated Nuclear Data Library
* LANL (Los Alamos National Laboratory) Nuclear Theory & Applications Group
* Los Alamos Master Data File I

Processing codes are used to generate transport code accessible cross section data tables from the
evaluated nuclear data files. These processing codes (such as NJOY (Ref 6)) are comprehensive,
sophisticated code packages that process evaluated nuclear data into forms appropriate for
application codes. For radiation transport codes, the product of the processing code is a multi-
group or pointwise (continuous-energy) cross section library.

This report discusses the selection of continuous-energy cross section libraries for use in MCNP
criticality calculations. The continuous-energy cross section libraries are processed into the ACE
format (p. F-l, Ref. I) by various national laboratories. The ACE format cross section libraries
are then distributed with the MCNP software.
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The continuous-energy cross section libraries are essentially cross section tables containing all
cross sections tabulated on a fixed main energy grid. The characteristics of the fixed main energy
grid are the same for a given library, but may differ between various libraries. The main energy
grid for each cross section library is fine enough that MCNP can use a linear-linear interpolation
between energy points to reproduce the evaluated cross sections within a specified tolerance.
Generally, this specified tolerance for data reproduction is established as being within 1% of the
data contained in the evaluation (p. 2-18, Ref 1). Therefore, the particle energies in the cross
section tables are truly continuous. Each nuclear reaction is represented separately in the cross
section tables. For each individual reaction, secondary particle angular and energy distributions
are provided as a function of incident neutron energy (at specific energies with interpolation
between energies). The cross section tables also contain other information needed by MCNP
such as multiplicities, atornic weight ratios, average nu (prompt, total, or both prompt and total),
average heating numbers, and reaction Q-values. The generated cross section tables are
essentially application independent The format of the cross section tables allow the transport
codes to utilize the nuclear data in as much detail as required. Information on continuous-energy
cross section data tables is available on pages F-4 through F-31 of Reference 1.

The use of the continuous-energy cross section libraries in MCNP involve some neutron physics
approximations. Information on these neutron physics approximations are provided on pages 2-
27 through 2-57 of Reference 1. The following are some of the primary neutron physics.
approximations:

* (nxn) reactions are sampled independently (no conservation of energy)
* (nf) and (nxn) reactions are sampled as if they occur instantly
* unresolved resonances are treated as average cross sections
* tolerance on the main energy grid is generally set such that the evaluated nuclear data can be

reproduced by linear-inear interpolation to within 1%
* angular distributions of scattered neutrons from neutron emitting reactions (as tabulated on

reaction-dependent grids of incident neutron energy) are sampled to conserve energy on an
average basis rather than on a single collision basis

* evaluated angular distributions for secondary neutrons and photons are approximated in
MCNP cross section tables by 32 equally probable cosine bins

* secondary neutron energy distributions are sometimes approximated in MCNP.cross section
tables by 32 equally probable energy bins.
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Predictions of Nuclear Experimentally Measured
i_ Model Calculations Cross Sections

| I Evaluated Neutron 1 
-| Interaction Data Table 1

. I
Evaluated Neutron Interaction
Data Table Processing Codes

ACE Format Nuclear Data Library

Transport Code

Figure 2-1. Sequence for MCNP Cross Section Processing

3. Criteria for Selecting MCNP Cross Section Libraries

More than one cross section library is available for most of the elements and isotopes for which
ACE format cross section libraries have been developed. Some of the reasons for the existence of
more than one cross section library for a given element or isotope include:

* different evaluated nuclear data sources
* different processing tolerances
* different temperatures at which the data was processed.

All of the cross section libraries for the various elements and isotopes are considered acceptable
for use in MCNP transport calculations. However, depending on the evaluated system, some
cross section libraries may provide a better representation of the nuclear reaction probabilities for
a given clement or isotope. Some things that should be considered when selecting neutron cross
section libraries include:

* differences in evaluator's processing criteria (i.e., size optimization criteria for resulting cross
section data tables)

* neutron energy spectrum
* temperature at which the evaluated nuclear data was processed to generate the cross section

library
* sensitivity of results to different evaluations.

Bias and uncertainty values associated with the use of certain cross section libraries in the
evaluation of systems having specific ranges of neutronic characteristics may be determined. The
application of bias and uncertainty values to an evaluation is only appropriate if the bias and
uncertainty values were determined from benchmark evaluations which bound both the
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characteristics of the evaluated system and the utilized cross section libraries. Therefore, it is
important to establish a consistent set of cross section libraries to be used in both criticality
benchmarks and design calculations. This report documents a set of selected cross section
libraries to be used in criticality benchmark and design calculations performed by the WPDD.

The performance of the selected cross section libraries in the evaluation of systems having
varying neutronic characteristics may be quantified in the form of bias values through the
evaluation of critical benchmarks which are representative of the various configurations. The
performance of the selected cross section libraries as presented in this document has been shown
to be acceptable based on the evaluation of numerous critical benchmark configurations
representing a variety of neutronic characteristics (spectrum, geometry, reflection, etc.)
(References 8, 9, 10, II, and 12).

The following criteria were used to select the continuous-energy cross section libraries for use
with MCNP:

* ENDFIB-V based cross section libraries were selected for use when available with the
exceptions of H-2, B-Il , Zr (natural), Ag-107, Ag-109, Eu-151, and Eu-153
either ENDF/B-VI, T-2, or LLNL based cross section libraries were selected for use when
ENDFIB-V based libraries were not available or selected

* parameters compared when selecting between ENDF/B-VI, T-2, or LLNL based cross
section libraries included the following: number of energy points included in the main energy
grid, date of evaluation, and availability of certain data.

Section 6 provides a listing of the continuous-energy cross section libraries that were selected for
use with MCNP. Descriptions of how the criteria listed above were used to select the various
cross section libraries are also provided in Section 6.

4. Available MCNP Cross Section Libraries

Table 4.1 lists all of the continuous-energy MCNP cross section libraries currently available for
use by the WPDD. The information in Table 4.1 is obtained from pages G-8 through G-29 of
Reference 1. The following index applies to the cross section library filenames in Table 4.1 (p.
1-15, Ref. 5):

* endf5p: 23 tables from ENDF/B-V continuous energy
* endf5u: 31 tables from ENDF/B-V continuous energy neutron
* newxs: newly processed evaluations 4119/91
* rmccs: 64 tables from ENDF/B-V, LANL, and ENDL85 (continuous energy neutron)
* rmcesa: 27 tables from ENDF/B-V, LANL, and ENDLS5 (continuous energy neutron)
* kidman: data for a number of fission product nuclides at 300 K
* mnisc5xs: corrected data for ENDFfB-V based Zr, and data libraries IRNAT, MISCXS,

ARKRC, TM169, GDT2GP, and T2DDC .
* endf5mt: data previously available in the library EPRIXS.(evaluations at various

temperatures including 300 K, 600 K, and 900 K for 7 isotopes), along with the U600K data
library
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* endl85: ENDL85 based continuous energy neutron cross sections
* endf60: 124 nuclides with an individual data file for each (processed with NJOY91 at room

temperature (300 K), using flat weighting, and thinned such that most nuclides had no more
than 400,000 words)

* I00xs: data files for nuclides having an evaluation extending to 100 MeV

The entries in Table 4.1 are described as follows (pp. G-6 through G-7, Ref. 1):

ZAID: The ZAID is the nuclide identification number with the form ZZZAAA.nnX. "ZZZ" is
the atomic number. 'AAA' is the mass number (000 for naturally occurring elements). 'nn is
the neutron cross section identifier. "X"="c" for continuous-energy neutron tables.

AWR (Atomic Weight Ratio): The AWR is the ratio of the atomic mass of the nuclide to a
neutron. This is the AWR that is contained in the original evaluation and that was used in the
NJOY processing of the evaluation. The atomic mass of a neutron is 1.008664904 atomic mass
units.

Library Name: This entry is the name of the library that contains the data file for that ZAID. The
number in brackets following a data file name refers to one of the special notes at the end of
Table 4.1.

Source: The source indicates the originating evaluation for that data file.

ENDF/B-V.# or ENDF/B-VI.# (such as B-V.0 and B-VI.1) are the Evaluated Nuclear
Data Files, a United States effort coordinated by the National Nuclear Data Center at
Brookhaven National Laboratory. The evaluations are updated periodically by evaluators
from all over the country, and the release number of the evaluation is given. This is not
necessarily the same as the ENDF revision number for that evaluation. For example, Pu-
242 is noted as ENDF/B-VI.2 as it is from release 2 of ENDF/B-VI, but it is revision I of
that evaluation.

LLNL: This source refers to the evaluated nuclear data libraries compiled by the Nuclear
Data Group at Lawrence Livermore National Laboratory. The number in the library name
indicates the year the library was produced or received.

T-2: This source refers to the nuclear data evaluations performed by the Nuclear Theory
and Applications Group T-2 at Los Alamos National Laboratory.

:T-2 or__XTM: This source identifier indicates that the original evaluation has been
modified by the Los Alamos National Laboratory groups T-2 or XTM.

Eval Date: This entry indicates the year that the evaluation was completed or accepted. In cases
where this information is not known, the date that the data library was produced is given. If
minor corrections were made to an evaluation, the original evaluation date was kept. The
notation "<I985" means "before" 1985.
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Temp: Indicates the temperature (K) at which the data were processed. The temperature enters
into the processing of the evaluation into a data file only through the Doppler broadening of
cross sections. Doppler broadening refers to a change in cross section resulting from thermal
motion of nuclei in a target material. Doppler broadening is done on all cross sections for
incident neutrons (non-relativistic energies) on a target at some temperature (Temp) in which the
free-atom approximation is valid. In general, an increase in the temperature of the material
containing neutron-absorbing nuclei in a homogeneous system results in Doppler broadening of
resonances and an increase in resonance absorption. Furthermore, a constant cross section at 0 K
goes to Iv behavior as the temperature increases.

Length: This entry is the total length of the particular cross section file in words. It is understood
that the actual storage requirement in an MCNP problem will often be less because certain data
that are not needed for a problem may be expunged.

NE: This entry is the number of energy points on the grid used for the neutron cross sections for
that data file. In general, a finer energy grid (or greater number of points) indicates a more
accurate representation of the cross sections, particularly through the resonance region.

Em.: The maximum incident energy for that data file. For all incident neutron energies greater
than E., MCNP assumes the last cross section value given.

GPD: "yes" means that photon-production data are included. "no" means that photon-production
data are not included.

v : For fissionable material, this entry indicates the type of fission nu data available. "p" means
that only prompt nu data are available. Yt" means that only total nu data are available. "b" means
that both prompt and total nu data are available.

Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries
|ZAID AWR Library Sou Eval Temp Length E GPD v Name Date (K) (words) (MeV)

100135c 10.9992 endiSS LLNL <1985 0 3,506 330 20 yes no
100150c 10.9992 cncs B-V.0 1977 294 2,766 244 20 yes no
1001.53c 0.9992 endfWRT[I B-V.0 1977 587 4,001 394 20 yes no
1001.60W 0.9992 endf60 B-VI.1 1989 294 3,484 357 100 yes no

1002.35c 1.9968 end1S5 LLNL <1985 0 2,507 1 135 20 yes D O
1002.50c 1.9968 endf5p B-V. 1967 294 3,987 214 20 yes DO
10025 c 1.9968 nnccs T-2 1982 294 ,9 811285 20 yes no

, 02.60c 1.9968 endf60t2] B-V0[1967[21 294 j2,704 178 20 yes no

100335c 2.99011 endi85 LLNL 1 <1985 0 1,269 J 76 20 no I no
1003.SOc 12.99011 miccs B-V.0 {; 1965 294 2,428 184 1 20 no no
1003.60c 12.99011 endf50 B-VI.0 1 965 12941 3,338 - 180 20 no | no

**He-3"
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries
ZID AWR tAbrry Souc Eval Temp Length NE E GPD jP ) ~~Name Date (K) (words) (C~V)

200335c 2.99011 endl8S I LLNL 1 <1985 1 0 1 2,481 1 182 1 20 _ yes I no I
2003.50. 2.99011 rmccs I B-V.0 1 1971 1 294 2,320 1 229 1 20 _ no I no
2003[60c 7298901 endf60 I B-VI.1 1 1990 1 294 1 2,834 7 342 1_ 20 no I no

**He4* 
200435c 3.96821 end8S I LLNL 1 <1985 1 O 1 1,442 1 78 1 20 1 no no
2004SOc 4.0015 mccs B-V.0 1 1973 294 3,061 345 20 no J no 1
2004.60c 4.00151 endf60 I B-VLO 1973 294 2,971 J 327 J .20 no no d

'eLi-6e
30065c 5.96341 nnccs B-V.0 | 1977 294 9,932 1 373 1 20 l yes no
300660e 5.9634 endf60 B-VI.1 1989 294 12,385 498 1 20 I yes no

*'Li7* * _

3007.50c 6.95571 endf5p B-V.0 1972 294 4,8641 343 20 1 yes -I no
3007.Sc 6.95571 rnccs B-V 2 1979 294 13,171 1328 20 Iyes no
300760c 695571 endf60 B-VI0 1988 294 14,567 387 20 yes no

*$Be-7 *

400735c 1695671 endI8S I LLNL I <19851 0 1,834 180 1 20. no I no

400921c 18.93481 1OOxs[3) T-2:XTM I 1989 1 300 1 28,964 1 316 1 100 I yes I no
4009.SOc 8.934 8 nccs B-V.0 j 1976 294 1 8,886 [ 329 120 1 yes no
4009.60c 8.93481 endf60 I B-V.0 1986 1294 64,410 276 1 20 I yes I nO I

**B- 10"
5010.50c 19.9269 rmccs I B-V.0 11977 1 294 1 20,200 5 514 1 20 1 yes I no I
5010.53c 9.9269 endfmtll]I B-V.0 1977 |[87 1 23,676| 700 I 20 1 yes no
SO10.60c 9.9269 endf60 B-VI.1 1989 294 27,957 673 | 20 yes | no

5011.35c *10.9147 endI8S J LLNL 1<1985 O 4,289 247 [ 20 yes no ]
5011.50c 10.9150 endf5p B-V.0 1974 294 4,344 487 20 no no
501I.55c 10.9150 nnccsa JB-V.0:.T-2 1971 1294. 12,254 860 1 20 nos n
5011.56c 10.9147 mewxs J T-2 1986 12941 56,929 1,762 1 20 Yes no ]
S011.60c 10.9147 endf6O I B-VI0 1 1989 T 108,371 2,969 j 20 yes no |

Z-6* 0 0 * * * *'* * "*Carbon*
"C-nat'
I 6000.50c 111.89691 rmcs I B-V.0 1 1977 1294 1 23,326 1 875 1 20 1 yes I no

6000.60c 111.89801 endf60 I B-VI.j 1989 1294 1 22,422 1 978 1 32 1 yes I no I
"C-12" ___ ______

1221c 11.89691 1xs I T-2:XTM 1 989 300 128,809 1919 I- 100 I yes j no 1
_6012.5c 1 < _ 5_1_4_225 _20 yes n

012.50c 11.89691no1rmcs[4,51 B-V.0 1977 294 23,326 875 20 yes no
*'C-13" "___

|6013.3Se 12.89161 endlS I LLNXL 1985 0 4,886 1395 20 Iyes I no I

" N-14"
14.50c 113.88301 rmccs I B-V.0 1 1973 ..I 294 1 45,457 1,196 20 yes no

7014.60c 113 88281 endf60 I T-2 A 1992 1 294 60,397 1,379 20 yes no
' N-IS"
I 7015.55c 114.87101 mccsa I T-2 1 1983 1 294 20,920 1 744 1 20 yes no

7015.60c 114.87101 endf60 I B-VI.0 1993 1 294 24,410 653 1 20 1 yes I no
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k.)

Tnble 4-1. Available Continuous-Energy MCNP Cross Section Libraries
ZD AR Ubrarxy Sorc Eval Temp Lngth Eu PD i| ZA1D * AWR uName Date (K) (words) (MeV) GPD V

Z i n8******xgn***************O e* **

8016.21c 15.8575 lOOxs[3J T-2XTM 1989 300 45,016 1,427 100 yes no
8016.35c 15.8575 endi8S LLNL <1985 0 10,357 465 20 yes no
8016SOc 15.8580 rmccs B-V.O 1972 294 37,942 1,391 20 yes no
801653c 8-0 enidf-iq ii a-V.0 1972 587 37,989. 1,398 20 yes no
801654c 15.8580 endf5mt[l1 B-V.0 1972 881 38,017 1,402 20 yes no
8016.60c 115.8532 ndf60 B-VI.O 1990 2 58,253 1,609 20 yes no

8017.60c 116.8311 endf60 B-VI.0 1 1978 2 4,200 1 :335 1 20 no no

901935c 18.8352 endISS LLNL <1985 0 31,547 1 1,452 20 yes nO
9019.50c 18.8350 endf5p BNV.0 1976 294 44,130 1,569 20 yes no
9019.51c 18.8350 ccs BV.0 1976 294 41,442 1,541 20 yes no
9019.60c 18.8350 endf60 B-YI.0 1990 300 93,826 1,433 20 ye no

"Na-23"
1102335c 22.7923 endIS LLNL <1985 * 22,777 1,559 20 yes no
11023.SOc 122.7920 endfSp B-V.0 1977 5-W 52,252 2,703 J 20 yes no
1102351c 22.7920 mccs B-V. J 1977 48,863 2,228 20 yes no
11023.60c 22.7920 endf60 B-VI.I 1977 294 50,294 2,543 20 yes no

'Mg-nat" _

120003Sc 24.0962 endIS LLNL <1985 .0 9,686 1 675 20 yes no
12000.SOc 24.0963 endf3u B-V.0 J 1978 | 294 56,334 | 2,430 20 yes | no
1200051cR24.0963 mccs B-V.0 I 1978 J 294 48,917 1,928 1 20 yes no
12000.60c 24.0963 endf60 3-VI.0 j 1978 294 55,776 J 2,525 20 yes j no

"Al-27" _

13027.21c 26.7498 100x[3 T-2:XTM 1989 300 35,022 1,473 100 yes no
13027.3Sc 26.74981 end18S LJLNL I<1985 I 0 36,895 2,038 20 Iyes Ino
130275c|26.7500 rc-cs B-V.0 1 1973 |294 5 4,162 | 2,028 20 yes | no
13027.60c 26.7500 endf60 1B-VI.0 1973 j 294 55,427 2,241 20 yes 1 no

Z-14*'*'""""S ll iE ' * ** * **e***..*.,,*..*..
**Si-nat_ _

14000.21c 27.8440 loOxsl3j JT-2XCM 1989 300 76,399 I 2,883 1 100 yes J no
14000.35c 27.8442 endl8S . LLNL <1985 19,016 J 1,012 1 20 yes no
14000.50c 27.8440 endfl | B-V.0 1976 1 294 98,609 | 2,440 20 yes no
14000.51c27.8440 mcs B-V.0 1976 294 88,129 J 1,887 1 20 yes no
14000.60c 27.8440 endf60 B-VLO 1976 W294 104,198 2,824 j 20 yes r no

Z~lS$*********ehos~OFUS** ** * @99* *9** *** 9** **9** *** *9* ***

**P.310*
15031.35c 30.7077 end185 LLNL <1985 0. ( 5,875 1 303 1 20 1 yes no
15031.SOc 30.7080 endf-u. B-V.0 1977 294 ,733 | 326 20 yes | no
15031.51c 130.7080 rmccs BV.0 .1977 294 5,732 1326 20 yes J no
15031.60c 30.7080j endf6O B-VI.0 1977 294I 6,715 j 297. 20 yes no

Z-160S*0 0"s"'suli$*$@*e****** ........................ . ..
*'S-nat*

16000.60c 31.78821 endf60 I B-VI.0 1 1979 1 294 1108,683 1 8,382 1 20 yes I no
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�..j
Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries

brary Source Eval Temp Length N (eY) GPD V7
ZAI AWR Nbame Date (K) (words) Mv GP

"S-32"_
16032.35c 31.6974 endl8S LLNL <1985 0 7,054 357 20 yes no
16032.SOc 31 697t -e-du B-V.0 1977 294 6,789 363 20 yes no
16032.Slc 31.6970 miccs B-V.0 1977 294 6,780 362 20 yes no
16032.60c 31.6970 endf60 B-VI.0 1977 294 7,025 377 20 yes no

*Cl-nat"
17000.35c 35.1484 endl8S LLNL <1985 0 12,903 1,014 20 yes no
17000Sc 3t3.1480 endf7p BV.0 1967 294 23,313 1,499 20 yes no
17000.5 1c 35.1480 rmccs B-V.0 1967 294 21,084 1,375 20 £ no
7000.60c 3 X.148 endf60 B-VI0 1967 294 24,090 [ 1,816 2 [ no

Z"18*' ,* '*Argon'* S ,5*@* 5 **5 5*e 5*** **5**, *5555

"Ar-nat"
181000.35c 139.60481 mccsa I LLNL 1 <1985 0 1 5,585 1 259 1 20 1 yes I no
18000.59c 139.60481miscexs6.711 T-2 1 1982 1 294 3.473 1 252 I 20 I yes I no

Q

Y.19t*sss 1e* Potassium** i***e* *s,**,*$*******.-

"K-naI4t_
19000.35c38 7624 endlSS LLNL <1985 O 1 11,130 714 20 yes no
19000.50c 38.7660 endffu B-V0 1 1974 294 22,051 1,243. 20 yes no
19000.51c38.7660 nncs B-V.0 1 1974 294 118,798 1,046 J 20 s no
19000.60c 38.7660 endf60 B-VI.0 1974 9 24,482 1,767 1 2 no

'Ca-nat'*
20000.35c 39.7357 end85 LLNL <1985 0 1 12,933 974 20 yes DO
20000.Sc 397360 endfu *B-V.0 -1976-1294 62,624 12394 20 0 s no
20000.Slc 39.7360 mndcs B-V.O 1976 294 63,372 12,796 20 yes f no
20000.60c 39.7360 enft60 IB-VLO 1980 2 76,468 12,704 2 s no
"Ca-40**
2004021c 39.61931 OOxs[3] T-2:XTM 1989 1 300 5 53,013 1 2,718 1 100 I yes I no

Z w2 1'$"* * S * **Sc dun 5* 5 5* * S ** *5** *S**S S ** 5 S*** * * * S ,,,,,,,* * , 

"Sc45"
21045.60c 44.56791 endf0 | B-VI.2 1 1992 1 294 1 105,627 1 10,639 1 20 | yes no

[2200035c 47.4885 endIS I LLNL <1985 I 0 13,421 1,337 1 20 yes no
2200050c 1474676 endf u J B-V.0 1977 294 54,801 4,434 20 yes no J
22000.5 1c 47A676 rmccs I B-V.0 f 1977 294 31,832 1,934 J 20 yes no I
22000.60c 47.4676 cndf60 13-VI.0 1977 294 76,454 7,761 20 yes no

ZS3" *55***Vsnad3iim ****************************+******** * * * 5*4-* * 

*sV.nat**
23000.SOc 50.50401 endf5u I B-V.0 1 1977 .1 294 1 38,312 1 2,265 1 20 1 yes I no
12300051c50.50401 nmccs I B-V.0 1 1977 1 294.1 34,110 1 1,899 1 20 1 yes no
[23000.60c 50.50401 endf60 I B-VI.0 1 1988 1 294 167,334 8,957 1 20 1 yes I no
Z-24* Chom~e~nniwn S9 5************@*****'5 5 *5 * SS 5 **
*Cr.nat**

124000.3ScI5154931 endI8S I LLNL I <1985 I 0 1 9,218 1 358 1 20 yes I no
24000.50c 51.54901 rcsI B-V.0 | 1977 j 294 134,454 11,050 20 | yes no
S*Cr-50*
24050.60c 49.51701 endfi50 I -VI.1 1989 1 294 1119,1781 11,918 1 20 1 yes I no
*Cr-52*
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1 Table 4-1. Available Continuous-Enrgy MCNP Cross Section Libraries

ZAI AWR Library Source Eval Temp Length NE Eau GPD) j
I > ^ Name Date (K) (words) (MeG)

24052.60c 5IA9401 endf6O I B-VLI 1989 1 294 1117,680 10,679 1 20 I yes I no
**Cr-530'
124053.60c 52A8601 endf60 I B-VI 1 1989 1 294 1 114,982 1 10,073 1 20 1 yes I no
*'Cr-54"
124054.60c 53A7601 endf60 I B-VI.1 1 1989 1 294 1 98,510 1 9,699 1 20 yes I no

**Mn-554
2.505S.35c 54A661 endIS | LLNL; <1985 O .7,493 446 20 yes | no
25055.50c 54A661 Muendfu B-V.0 1977. 294 105,093 12,525 j 20 yes no
25055.Slc S4A661 rMccs f B-V.O 1977 294 25,727 1,578 20 yes no
2SOSS.60c S4A661 cndf60 B-VI.0 1988 294 184,269 8,207 ] 20 yes no

**Fe-nat*
26000.21c 553650 OOxs[3] T-2:XTM 1989 300 149,855 15,598 100 yes no
26000.35c 553672 endlSS LLNL <1985 O 30,983 2,772 20 yes no
26000.SOc 553650 endffp B-V.O 1978 294 115,447 10,957 20 yes no
26000.SSc 553650 rmcrs T-2 1986 294 178,392 6,899 20 yes no

*'Fc-S4"

126054.60c 53A7601 endf60 I B-VI.1 1 1989 1 294 1121,631 1 10,701 1 20 yes no
*FC-564
26056.60c 55A540I endf60 I B-VI.1 1989 294 1174,517 1 11,618 1 20 1 yes I no
**Fe-57"
26057.60c 56.44601 endf60 1 B-VIi 1 1989 1 294 1133,995 7,606 1 20 1 yes I no
**Fc-S8"
26058.60c 57.43601 endf6O B VA 1 1989 294 93,450 6,788 20 yes no

2705935c 58.4269 endI8S LLNL <1985 0 38,958 4,177 20 Yes n
27059.50cS8A269I endf5u T Bv.0 7 1977 I 294 I 117,0751 14,502 I 20 V yes no
27059.Slc 58A269 nnccs B-V.O 1977 294 28,355 1,928 20 yes no
27059.60c 58A269 endf60 B-V12 . 1992 294 186,618 11,838 20 yes no
Z ~2 8 e* *e** "Njc k e I* * , ..........*. ****1*... 

**Ni-nat't
28000.SOc 58.18261 mccs I B-V.0 1 1977 1 294 1 139,913 1 8,927 1 20 1 yes I no
'Ni-58"I2805835c 5743761 endIS I LLNL 1 <1985 0 O 1 42,744 1 4,806 1 20 1 yes I no
28058.60c 57A3801 endf60 I B-VI.1 1 989 294 1 172,069 1 16,445 20 1 yes I no
**Ni-60**
128060.60c 59AI601 end60 I B-VII 1991 1 294 1 110,885 1 0,055 20 1 yes I O
*Ni-610-
28061.60c 60A0801 endf60 I B-Vll 1 1989 1 294 1 93,801 5 5,882 20 yes no

0 Ni-620 
28062.60c 613960) endf6O I B-VI.1 1989 1 294 1 82,085 1 7,230 1 20 yes Ono

*$Ni-64**
128064.60c 63.37901 endf6O I B-VI.1 1989 1 294 1 66,656 | 6,144 20 1 yes I no

**Cu-na**
2900035c63.00011 endl8S I LLNL 1 <1985 O 1 7,039 1 293 20 1 yes j no
29000.SOc 63.4601 imccs IB-V.0 1 1978 1 2941 51,850 3,435 1 20 1 yes no

**Cu-630*

D-
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Tablc 4-1. Avalable Continuous-Energy MCNP Cross Section Libraries
ZA AWR Lbrary Source Eval Temp Length ME E.,. GPD

Name e (K) (words) (MeV)

29063.60c 16238901 endf6O IB-VI2 1 1989 1 294 1 119,097 1 11,309 1 20 1 yes I no
**Cu-6S'*
29065.60c 16437001 endf60 IB-V12 1 1989 1 294 118,385 11,801 20 1 yes I no

Z-3 1 * *e** ****Gajliwne ********¢¢¢¢¢ *Bee ** *+****** # 9**9¢* ** **

**Ga-nat*
3100035c 169.12111 endl85 ILLNL 1 <1985 0 1 7,509 1 469 ' 20 1 yes I no
31000.50c169.12111 rmccs 13-V.O| 1980 I 294 7,928 S 1 20 1 yes I no
31000.60c 69.12111 endf60 B-VJ.D 1980 294 1 9,228 566 1 20 | yes I no
Z33*' 9 Ars rs' enic*****$** 9 9 9 9 9**..*,*,,.9 .
**As-74"
|3307435c 7328891 endl8S I LLNL | <1985 0 5 50,881 6,424 20 | yes no
*'As-7S"
33075.35c 7427801 mccsa B-V.0 1 1974 1 0 1 50,931 6,421 20 1 yes no
Z~35*@@@*Brotnin**e~**********e** ******~*
'Br-79*0

135079.55cl782404 misc5xs[6,Sjl T-2 1 1982 1 294 1 10,431 1,589 1 20 1 no I no
**Br-810*
35081.SSc80.2212mscnxs[6,8]1 T-2 1 1982 1 294 1 5,342 1 831 1 20 1 no I no

*$Kr-780*
36078.50cl7725101 mccsa BV.O 1 1978 1 294 1 9,057 939 1 20 1 no no

*$Kr-809*
36080.50c 79.22981 rmccsa B-V.O 1 1978 1 294 1 10,165 1,tO8 1 20 1 no I no

Kr-82"
36082.Sc 81.2098 niccsa B-V.O I 1978 294 7,220 586 20 no no
(3 6082.S9c 81.2098 mieSxs[6,7]1 T-2 1 1982 294 7,010 499 20 ye no
*YKr-83 9 *

(36083.50cS 22018 rnccsa I B-V.O 1 1978 1 294 1 8,078 1 811 1 20 no I no
136083.59c 82.2018misc5xs[6,7]1 T-2 1 1982 1 294 1 8,069 1 704 1 20 1 yes I no
**Kr-84**
136084.5Dcl83.19061 rmccsa I B-V.0 1 1978 1 294 1 9,364 1 944 1 20 I nO no
36084.59c 83.1906 miscxs[6.7]1 T-2 1 1982 1 294 1 10,370 7 954 1 20 yes no
*OKr-86'f
136086.50c185.17261 nnccsa I B-V.O 1975 I 294 I 10,416 I 741 I 20 no no
36086.59c 85.1726 isc5xsl6,71 T-2 1982 294 8,740 551 20 yes no

**Rb-850*
37085.55c 84.1824iisc5xs[6,8]j T-2 1 1982 .1 294 1 27,304 1 4,507 1 20 1 no I no
'*Rb-87"
37087.55 c86.16261misc5xs[6,8l T-2 1982 1 294 1 8,409 1 1,373 1 20 1 no I no

"Y-88"*
3908835c l87.15431 end8S5 I LLNL 1 <1985 0 O 11,299 1 272 1 20 ys no0

**Y48900
39089.35c 8.1421 rmscSxs[6] LLNL 0 49,885 6,154 20 yes no
39089.SOc 88.1421 endf5u B-V.0[9] I 1985 294 18,631 3,029 j 20 no T no
39089.60c 88.142 end B-VI.O 1986 294 86,556 9,567 20 7 yes no

**Zr-nat*s
4000035c 9OA3641 endI8S I LLNL <1985 0 O 1 14,738 1 1,292 1 20 1 yes no
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraies
ZAD AWRI Ubrary Sorc Eval Temp Length NE. E GPD vF ZAID AWR LName Date (K) (words) (?IeV)

40000.56c 90.4360 misc5xs[6,10] B-V:XTM 1976 300 52,064 7944 20 no no
40000.57c 90A360 miscSxs[6,10] B-V:XTMI 1976 300 16,816 2,116 20 no no
40000.58c 90A360 miscxs[6,10] B-V:XTM 1976 587 57,528 8,777 20 no no
40000.60c 90A360 endf60 B-VI 1976[10J 294 66,035 10,298 20 no no

**Zr-93**
[40093.50cl92.10831 kidman B-V.0 1 1974 1 294 1 2,579 1 236 1 20 J no I no
Z 41 e'@@e'Niobium''*******$*$$******,***
**Nb-93*"
41093.35c_92.1083 endl85 LLNL <1985 O 50,441 6,095 20 _ yes r no
41093.50c 92.1051 endf p B-V.O 1974 294 128,960 17,279 20 7 yes J no
41093.5c 92.1051 rmccs B-V.O 1974. 294 14,675 963 20 Y es 1 no
41093.60c 92.1051 endf60 B-VI.1 1990 294 110,269 10,678 20 oyes O

Z-42**** **********)**** . , ,,
"Mo-nat"_
42000.35c 95.1158 endISS LLNL <1985 I0 9 8,628 573 20 yes no
42000.50c 95.1160 endf5u B-V.O 1979 294 35,634 4,260 20 yes no
42000.51c 95.1160 rmccs B-V.O 1979 1294 10,139 618 20 yes no
42000.60c 95.1160 endf60 B-VI.0 1979 1294 45,573 S,466 20 AAs no

!*Mo-95S
142095.Sc194.09061 kidman B-V.0 I 1980 l 294 15,411 1 2,256 1 20 l no I no
Z-435****Technetiuzn********~******;@.e.......................... 
"Tc-99*"
143099.50c198.15001 kidman I B-V.O 1 1978 294 12,152 1,640 20 I no no
43099.60c 98.1500 endf6O 1 B-VI.0 1978 r 294 5 54,262 8,565 20 T no I no

44101.50c 1100.03901 kidman B-V.0 l 1980 294 5 5,299 543 l 20 l no I no
**Ru-103**
144103.50c 1102.02201 kidman B-V.0 l 1974 l 294 3,052 235 l 20 l no I no

**Rh-103"
145103.SOc 102.0210 rmccsa B-V.O 1978 294 1 18,870 1 2,608 1 20 I no I no
**Rh-105*0
45105.O50c 104.0050 kidrnan B-V.0 1974 1 294 1 1,591 1 213 1 20 I no I no

Zm46 ** * **Pallac ium '***** e*** ** **$ *.
"Pd-105
4610S50c 104.00401 kidman B-V.0 1980 1 294 1 4,647 505 1 20 1 no I no

" Pd-108"*
46108.50c 106.9770 kran BV.0 1 1980 294 4,549 555 1 20 1 no I no
Zm* 4 7****Si*** v er******t******4 **+***
**Ag-nat"
47000.SSc 106.9420 rmccsa T-2 1 1984 294. 29,092 2,350 20 1 yes I no

4710735c 1 9867 endlSI LLNL <1985 1 0 13,134 994 1 20 yes no I
47107.50c 105.9870 mccsa [ B-V.0 1978 294 1 12,111 1 1,669 1 20 no i no I

0 8 0 B-J.0 1983 294 64,008 10,101 20 no no
'**A109*' -I47i09.3Sc 107.96921 endIS5 LLNL l <1985 o 0 I 13,452 1 1,094 f 20 1 yes I no
47109.50c 107.9690 nnccsa B-VO 1978 1 294 14,585 2,120 20 no | no
47109.60c 107.96901 endf60 B-V.0 1983 294 76,181 11,903 20 1 no I DO |
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries
ZAID AWR Lbrary 'Sou Eval Temp Length NE Emi GPD v

F ~~Name ' Date (K) (words) (MeV)

*'Cd-nat"
4800035c 111.4443 endISI LLNL <1985 0 12,283 1,115 __ 20 yes no
48000.50c 1 1.46001 endf5u I B-V.0 11974 294 19,714 2,981 1 20 1 no no
48000.51c 111.4600 rmocs B-V.0 1974 294 6,734 818 1 20 no no
Z=49 ** *9** ndium *9* * . .. ... ..... *,,*** " 9.. *9 *99,9

149000.60c 113.83401 endf60 B-VI.0 1990 1 294 1 93,662 1 10,116 1 20 1 yes I no
ZeSO e****erin****** 9**** ** * ** *** * 9S*** *** * ** *9* ** * ** *

"Sn-oat"
150000.35c 1117.67041 endl8S I LLNL 1 <1985 0 5 5,970 1 205 1 20 1 yes I no

"1-127"
53127.SSc 125.8140 miscSxs[6,8]l T-2 1 1982 294 59,725 9,423 I 20 no no
53127.60c 125.81431 endf60[21I T-2 1991 294 399,760 7,888 30 yes no
*1-129w
53129.60c 127.79801 endf60 I B-VI.0 1 1980 1 294 1 8,792 1 1,237 1 20 no no
*'-135'
15313S.SOc 133.75101 kidman B-V.0 1 1974 1 294 1 1,232 194 1 20 1 no I no

"Xe-nat9 -
54000.35c 130.17211 end185 LLNL <1985 1 0 1 41,432 5 5,228 1 20 1 yes I no

**Xe-131*s
54131.50cI129.78101 kidman B-V.0 1 1978 1294 1 22,572 1 3,376 1 20 1 no I no

**Xe-1340*
54134.35cl132.7551 endI8S I LLNL 1 <1985 1 0 1 7,463 1 359 1 20 1 yes I no

*'Xe-135 '
54135.SOc 133.7480 endffmt[1]j B-V I 1975 I 294 I 5,529 1 704 1 20 I no I no I
54135.53c 1337480 endf5mtI]I B-V | 1975 |587 | 5,541 | 706 1 20 1 no no
54135.54c 133.7480 endf mt[1l B-V | 1975 | 881 | 5,577 1 712 1 20 |_no I no I

**Cs-133"
55133.SOc 131.76401 kidman I B-V.0 1 1978 1294 i 26,713 1 4,142 1 20 I no I no.1
SS133.SSc 131.7640 scxs[6,81 T-2 I 1982 1294 1 67,893 1 11,025 20 1 no I no
55133.60c 131.76401 endf60 I B-VI.0 1 1978 1294j I54,723 I 8,788 1 20 I no I no

* Cs-134**
55134.60c 132.75701 endf60 B-VI.0 1 1988 1294 1 10,227 1 1,602 1 20 1 no I no
"Cs-135'
5513S.50c 133.74701 kidman B-V.0 1974 1294 1 1,903 1 199 20 1 no no

155135.60c 133.74701 cndf60 I B-VI.0 1974 1294 3,120 1 388 20 no no
**Cs-136
155136.60c 134.74001 endf60 I B-VI0 1 1974 1294 10,574 1,748 1 20 1 no I no
'Cs-137§*
55137.60c 135.73101 endf60 I B-VI.0 1 1974 1294 1 2,925 369 1 20 I no Ino

**Ba-1389* ;
56138.35c 136.72061 endI85 LLNL 1<1985 10 15,985 I-262 -120 1yes Ino I
56138.50c 136.71501 nccs B-V.0 I 1978 I 294 6,018 1 292 1 20 yes I no
56138.60c 136.7150 en df60 I B-VJ.0 1978 294 7,347 1 267 | 20 yes I no
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries

ZAID AWR Library Source Eval Temp Length NE E4 GPD j
Name Date (K) (words) (NIeV)

*'Pr-141".
|S9141.50cJ139.69701 kidman B-V.0 1 1980 1 294 1 5,620 1,354 1 20 1 no no

"Nd-143"
160143.50cl141.68201 kidman B-V.0 1980 1 294 1 17,216 1 1,701 1 20 1 no I no
"Nd-145*
16014S.SOcl143.66801 kidman B-V.0 1 1980 1 294 1 38,473_1 3,985 20 1 no I no
**Nd-147'
160147.SOc 145.6S40 kidman I B-V.0 1 1979 1 294 1 1,816 1 251 1 20 1 no no
**Nd-148"
60148.50c 146.64601 kidman I B-V.0 1980 1 294 1 10,867 1 1,054 1 20 1 no I no

'Pn-147"
161147.SOc 145.65301 kidman B-V.0 1 1980 1 294 1 9,152 8 B2S 1 20 1 no I no
O*Pm.148**
161148.50c 146.64701 kidman B-V.0 1979 1 294 1 1,643 | 257 | 20 1 no I no
* Pm-149'**
61149.50c 147.63901 kidman B-V.0 1979 294 2,069 | 238 | 20 | no I no

"Sm-147*
62147.50c 145.65301 kidman B-V.0 1980 j 294 1 33,773 1 2,885 20 1 no I no

**Sm-149**
162149.50c 147.63801 endf u I B-V.0 1 1978 1 294 1 15,662 1 2,008 1 20 1 no I no
**Sm-150*
162150.50c 148.62901 kidman IB-V.0 1974 1 294 1 9,345 1 1,329 1 20 1 no I no
*'Sm-1510
62151.50c 149.62301 kidman I B-V.0 1 1980 1 294 1 7,303 1 605 1 20 1 no I no
*Sm-152*
162152.50c 150.61501 kidman I B-V.0 I 1980 1 294 1 41,252 1 4,298 1 20 1 no I no

**Eu-nat'*
163000.35c 150.6546 rmccsa I LLNL < 109 0 1 6,926 1 364 1 20 yes I no
**Eu-151__
63151.50c 149.62301 nccs I B-V.0 1977 1 294 1 68,057 1 5,465 1 20 y I no
63151.SSc 149.62301 newxs T-2 1986 1 294 1 86,575 4,749 20 1 yes no
63151.60c 149.6230[ endf60 B-VI.0 1986 1 294 1 96,099 1 7,394 J 20 yes I no

**Eu-152*o
163152.50cS150.62001 endfu j B-V.0 1 1975 1 294 1 49,313 4,553 1 20 o no
**Eu-1530 _________

63153.50c 151.60701 rmcs J B-V.0 1978 1294 155,2311 4,636 1 20 yes no
631S3.SSc 151.6080 newxs I T-2 1986 294 72,971 4,174 J 20 yes no
631S3.60c 151.6080 endf60 B-VI.0 1986 294 86,490 6,198 20 yes no

'*Eu-1540*

63154.SOc 152.60001 endfu I B-V.O 1 1975 1 294 37,008 1 4,030 .1 20 1 no I no
*"Eu-155
631SSS.0c 153.59201 kdman IB-V.O I 1974 1 294 1 4,532 1 273 r 20 r no I no

ZF64'***** ***Gadcl niw* * * * **** * * **** *** *** ******** ** * * * *** * ***

*'Gd-nat"
64000.35c 155.89911 mccsa LLNL <1985 0 O 1 7,878 1 454 1 20 1 yes I no
"Gd-1520*

B00000000-01717-5705-00099 REV 00 iS June 30, 1998



Table 4-1. Available Continuous-Energy MCNP Cross Section Libraies

|ZAID AWR Ubmay Source Evil Temp Length WE Eau GPD V
Name Date (K) (words) (Mev)

64I 152.SOc 150.61501 endf u 1 B-V.O 1977 1294 26,251 1 3,285 1201 no I no

64152.55c 150.6150 isc5xs16,13 B-V.O:T-2 1986 294 32,590 3,285 20 yes no
64152.60c 150.6150 endf6O B-VI.0 1977 294 1 32,760 4,391 20 no no

"Gd-154"
64154.SOc 152.5990 endf5u B-V.0 1977 1294 149,572 17,1671 20 1 no no
64154.55c 152.5990 ziscSxs[6,13]jB-V.O:T-2 1986 294 1 59,814 J 7,167 J 20 1 yes I no
641l14.60c 152.5990 endf60 B-VI.0 1977 294 67,662 J 10,189 [ 20 no I no

'Gd-155_
64155.SOc 153.5920 cndf5u B-V.0 1977 294 44,965 1 6,314 1 20 I no I no
64155.55c 153.5920 isc5xs[6,13] B-V.0:T-2 1986 294 54,346 1 6,314 20 1 yes I no
64155.60c 153.5920 endf60 I BVI.0 1977 12941 61,398 J 9,052 20 1 no I no
"Gd-lS6' ___

64156.SOc 1548301 endf5u I B-V.0 1 1977 294 1 37,371 1 3,964 1 20 1 no I no

I64156.55c I154.5830 nisc5xs[6,13] B-V.O:T-21 1986 294 44,391 1 3,964 20 -yes no
641S6.60c 154.5830 endf60 I B-VI.0 1977 294 | 42,885 ,281 1 20 | no I no
**Gd-1S7__
64157.SOc 155.57601 endfSu I B-V.0 1 1977 294 1 38,975 1 5,370 1 20 1 no I no

[6417.S155.5760Imisc5xs[6,13] B-V.0:T-2 1986 1 294 1 47,271 5 5,370 1 20 1 yes - no
641S7.60c1SSS7601 endf60 I B-VI.0 1 1977 1 2941 56,957 r 8,368 1 20 1 no [ no
"Gd-1S8"_
64158.SOc 16.5670 endfSu f B-V.D 1 1977 294 1 95,876 1 15,000 1 20 1 no nO
64158.55c 156670i5xs[6,13B-V.O:T-21 1986 294 | 113,916 15,000 | 20 | yes | no

4S6 16701 endf60 | B-VI.0 1977 294 5 59,210 8,909 j 20 no no

64160.50c 158.55301 endfSu I B-V.0 1 1977 294 5 53,988 1 8,229 1 20 1 no I no 
64160.55c 158.5530niscSxs[6,1311B-V.0:T-21 1986 I 294 1 65,261 1 8,229 1 20 1I yes I no
64160.60c 158.55301 endf60 I B-VI.0 1 1977 1 2941 54,488 1 8,304 1 20 1 no I no

"Ho-165**I6716535c 163.51351 rmccsa LLNL | <1985 54,279 7,075 1 20 | yes I no
67165.SSc 16351301 newxs I T-2 1 1986 1 294 1 56,605 1 2,426 1 30 J yes 1 no
p67165.60c163.51301 ndf60 [ B-VI.0 1988 294[ 75,307 1 4,688 1 30 1 yes I no

'TmI69*
169169.55cll67.4830 misc5xs[6] T-2 11986 300 47,941 4,738 120 1no n
Z=flZ* * * * Hafilume****** * * * * ** * * * S * S* SS*SO* * S* * ** * * * * * * S

* "Hf-nat'*
72000.35e 1176.95671 endIBS LLNL J <1985 0~ 175,862 9,636 20 yes I no
72000.SOc 176.95401 newxs B-V.0 1976 1 294-1 52,231 8,270 20 I1no I no
72000.60c 176.95401 endf60 B-VI.0 1 1976 294 84,369 13,634 20 no no

*'Ta-I81" _ _ _ _ _ _ __ _ _ _ _ _ _

73181.35c 1793936 endI85 LLNL <1985 0 33,547 2,812 20 yes no

73181.5Oc 179.4000 en u B-V.0 1972 294 60,740 6,341 20 yes no

I7318.1Scl179AOO imccs B-V.0 1972 294 21,527 753 20 yes no
173I8.60C 79.4000 cndf60 | B-VI.0 | 1972 294 91,374 10,352 20 yes no

"Ta-192*'
173182.60c 1803870cendf6O I B-VI.0 1 1971 1 294 12,085 1 1,698 1 20 I no I O

"W-nat**
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries

ZAITD AWR LUbrary Sourc Eval Temp Length N Emus GPD j7
Name Date (KC) (words) (MeV)

7400021c 182.27061 lO0xs[3J T-2XTM 1989 300 194,5131 21,386 100 Iyes nio
74000.55c 18 2.27701 __mccs IB-V.2 1982 1294 50,639 1,816 120 yes no

OGW-1 520
74182.50c 180.39001 endf~pI B-V.0 11973 294 1 94,367 11,128 1 20 J yes I no
74182.55c 180.39001 nccsa, B-V.2 11980 294 1122,290 113,865 1 20 J yes no!__
74182.0 18039001 endf60 B-VI.0 11980 1294 1113,1771 12,283 120 j yes Ino ]

**W-1830*
74183.50c 181.38001 enmccs-a B-V.0 11980 294 79,534 8,083 120 1yes Ino I
74183.55c 181.3800 eod~p B-V.2 11973 294 5,7994 5,83 20 1yes Ino
74183.60c 11138001 endf60 B-VI.0 11980 294 89,350 9,131 120 1yes Ino

*'W..1840*
74184.50c 1237001 endl3p B-V.0 11973 1 29 58,870 6,173 120 1yes -no -
74184.55c 182.3700 imcosa IB-V.2 I 1980 1 2WI 80,006 7,835 20 1yes 1 -no]
74184.60c 182.37001 endf6h0 B-VI.0 j 1980 J1_294 J 78,809 7,368 1 20 1yes I no ]

**W -1860 _____I74186.50c 18436001 cnf~ B-V.0 j 1973 294 63,701 6,866 1 20 1 yes j1 no I
74186.55c 14.3600~ nnccsa B-V.2 1-1980 1 294. 83,618 8,42 J20 1yes Ino

7416.0c114.300 edf j B-VI.0 11980 1 29 18,1 7,793 1 20 1 yes Ino ]
" R e -1 8 5 .' 4 _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _

75185.32c 1833612 misc5xs[6]} LLNL <1985 0 113,650 1,488 20 yes Ino
75185.35c 1833641 endIBS LLNL <195 I16,03 1,487 20 1ys n
75185.50c 183.3640 nucosa B-V.0 98 9,190 1,168 20 no j o
75185.60c 183.3640 endf60 B-VI.0 19 24 102,775 1671 20Inno-n

**Re-187'0

751732c 153539 misc5xs[6]~ LLNL <1985 0 ~12,318 1296 20 yes no

7517.0c 1853500f rm c B-VI.0 909,8 15,62 20 1 no no

*k-nat*
77000.55c 190.56301 misc~xs[6] T-2 11986 300 43,071 3,704 20 1no Ino

Z m780$ * *s 0 *J gj* *Paiu * s $ $ ** *S * s$ * * *** * 0 

**Pt-Ms*~
78000.35c 193A1411 mccsa LLNL 1<19851 0 15,371 1,497 20 1yes Ino

* A u -19 7 _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

17919735c 195.2745 endI8S LLNL <1985 0. 31,871 3,781 20 Yes no
179197.50c 195.2740 endf [ B-V.)0 1977 294 139,425 22,632 20 no no
79197.55c 1952740 irrccsa T-2 ] 1983 294 134,325 17,909 20 yes no
79197.56c 195.2740] newxs 1T-2 *.~1984 294 122,482: 11,823 130 yes no
79197.60 1952740. endf60 B-VI.1 1984 294 161,039* 17,724 30 yes no

**Pb-nat**
1 82000.35c 1205A42001 end]85 I LLNL <1985 0 1 6,639 I349 1 20 Iyes Ino
182000.50c 05.43001 imcs B-V.O 1.19761 294 37,633 1,1,346 120 1yes I n:o
**Pb-2060-
82206.60c 204.20001 cndf60 B-VI.0 11989 294 148,815 12,872 20 1yes Ino
**Pb-207P
82207.60c 205.20001 endf'60 IB-VL.11 1991 294 111,750 7,524 120 1yes Ino
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries

FZI AWR Ubrary Sourc Eval Temp Length NE E. GPD 
Name Date (K) (words) (MeV)

"Pb-208' .
182208.60c 06.19001 endf60 B-VI.0 1 1989 1 294 1 70,740 I 5,105 20 I yes I no
Z-83 ****'Bismu 5***@******e**** *5* 5 5S *5* *5' *5'

'Bi-209"
83209.35c 207. 1851 endIS LLNL <1985 0 18,316 1,303 20 yes no
83209.50c 207.1850 endfu B-V.0 1980 294 14,939 7 1,300 I 20 yes no I
83209.51c 207.1850 rimccs B-V.O 1980 294 13,721 1,186 20 yes no
83209.6e 207.18S0 endf60 B-V1.0 1989 294 100,138 8,427 20 yes no

"lh-230"0
190230.60cl228.06001 endf60 B-Vl0 1 1977 1 294 1 35,155 5,533 1 20 1 no I t
'1Th-2310
190231.35c 229.05161 endl8S I LLNL 1 <1985 0 1 9,157 1 308 1 20 1 yes p
"Th-232

902323Se 230 0447 endI8S LLNL <1985 0 56,091 6,169 20 yes p
90~232.Sc 230.0400 endf5u B-V.0 1977 294 152,782 17,901 20 yes b
90232 S1c 230r0400 nmccs B-V.O 1977 294 17,925 1,062 20 yes b
90232.60c 230.0400 endf60 B-V .0 1977 294 127,606 16,381 20 yes

*$lh-233*0
|90233.35c 231.03961 endISS I LLNL 1 <1985 1 0 1 9,352 1 348 1 20 1 yes I p
Z°91** ****Prot clinii n**** 5** * ** ***

"Pa-231"
91231.60c 1229.05001 endf60 IB-VJ.0 1 1977 1 294 1 19,835 2,610 20 1 no I b

'Pa-233__

91233.35c 1.0383 endlS I LLNL 1 <1985 O0 19,170 1,910 20 yes I p
91233.50c 1.0380 endf5u B-V.0 1 1974 294 19,519 J 2,915 20 j no t
91233 Sle2310380 rrnccs B-V0 11974 2941 5,641 1637 201 no I t

Zm92*** $$*Urnium * 5 5$$@$* ** S*$$$$$*$**$*$$

*'U-2324*

9223260e1230.04001 endf60 I B-VI.0 1 1977 1 294 1 13,839 1 1,759 1 20 1 no J b
*U-233__

I9223.35c 1.03771 endIS I LLNL I <1985 - O 1 29,674 1 2,924 1 20 I yes I p
| 92233.SOc 231.04301 rnccs B-V 0 | 1978 294 18,815 [ 2,293 20 no I b
I92233.60c 10430jendf60[1411 B-VLO j 1978 1 294 32,226 3,223 r 20 1 yes I b
**U-234__

92234.35c 1232.0304 endl85 LLNL 1985 0 8,557 237 1 20 I yes I p_ I
92234.SOc 1232.0300 endf5p B-V.0 |1978 294 89,433 12,430 20 n DO t
92234.51c 1232.0300 nnccs B-V.0 1978 294 6,426 672 20 f no t
92234.60c 1232.0300 nf60 B-VJ.0 11978 294 | 77,059 10,660 1 17 no b
5
U-23__

92235.50c 2330250 rmccs IB-V.O 19771 294 1 60,489 5,725 I 20 1 yes b I
92235.52c 233.0250 endfSmt[lj B-V.O 1 5977 57 65,286 6,320 J 20 1 yes b
9223553c 233.0250 en fmtrl| B-V.0 1977| 587 |.36,1201 2,685 J 20 1 yes S b 
9223S.54c 233.0250endfi l) B-V.0 1977| 881 136,008 2,671 20 yes b |
92235.60c (233.0250, endf60 g B-VI2 19891 294 j289,975 28,110 | 20 yes b |

9223635c 234.0178 endI85 LLNL j<1985 0 1 8,699 224 1 20 yes I p
1 6.S0c 234.0180 endfp B-V.0 11978 294 138,715 19,473 20 no I t _
92236.Sc 234.0180 nccs | B-V.0 19781 294 7,302 800 J 20 no t J
92236.60c1234.01801 endf6 B-VI.O 1989 294 1 82,819 10,454 20 no b 1
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraies
ZAID AWR NAbmey Suc Eval Temp Length NE Es GPD

|NDYR lae Soum Date (K) (words) (MeV)

' U-237*0
9223735c 235.01231 endl8S I LLNL 1198 0 1 9,364 1353 20 1 yes I p
9 2237 S0c235.01201 endf5p B-V.0 19761 294 32,445 3,293 1 20 yes I t
92237 Slcl23S 01201 rmcs I B-V.0 1976 294 110,317 527 1 20 yes t
"U-238"_
92238.21c 236.0060 IOOxs[3] T-2:XTM 1989 300 279,245 30,911 100 yes b
9223835c 236.0058 endlS5 LLNL <1985 0 27,168 1,845 20 yes p
92238.SOc 236.0060 rmccs B-V.0 1979 294 88,998 9,285 20 yes b
92238.52c 236.0060 endfmtilJ B-V.0 1979 587 123,199 8,454 20 yes b
92238.53c 236.0060 endftmt 1 B-V.O 1979 587 160,107 17,876 20 yes b
92238.54c 6.0060 endf5fmtl[1] B-V.0 1979 881 160,971 17,984 20 yes b
92238.60c 236.0060 endf60 B-VI.2 1993 294 206,322 22,600 20 yes b

*OU-239"
92239.35c 237.0007 rnccsa LLNL 119851 0 1 9,809 1 394 1 20 1 yes I p

**U24000
192240.35c 237.99441 endI8S I LLNL 1<19851 0 1 8,495 218 1 20 1 yes I p

**Np-235'*
93235.35c 233.02491 endI8S I LLNL | <1985 0 9,490 364 1 20 1 yes I p

**Np-236*0
93236.35c 234.01881 endlS5 I LLNL < '1985 0 1 8,821 1284 1 20 1 yes p

**Np-237*
93237.35c 235.0118 endiS LLNL <1985 0 20,225 1,678 20 yes
9323750c 235.0120 endf5p B-V.0 1978 294 63,223 8,519 20 no t
93237.SSc 235.0120 rmccsa T-2 1984 294 32,558 1,682 20 no b
93237.60c 235.0118 endf60 B-VI.1 1990 294 105,5l0 7,218 20 yes b

"Np-238*'
9323835c 236.00601 endl8S I LLNL _<1985 0 O 1 8,878 |282 | 20 | yes p
**Np,239*
93239.60c 236.99901 endf60 I B-VI.0 1988 294 1 7,406 562 1 20 1 no I t

ZZ94'"*"Plutonium'e*****************$*****e****
*Pu-236*
94236.60c 234.01801 endf60 I B-VI.0 119781 294 1 33,448 4,610 20 1 no t

**Pu-237'*
9423735c 5.01201 endIS I LLNL 119851 0 1 11,300 1202 1 20 I yes p
94237.60c 1235.01201 endf60 I B-VI.0 11978 1 294 1 3,524 1257 1 20 1 no I t
"Pu-238"_
194238.35c 236.0046 endl85 LLNL <1985 0 115,619 I 958 20 yes Ip _
194238.50c 6.1670 endf~p B-V.0 J 97[ 294 118,763 2,301 20 no t
94238.51c 6.1670 rmccs B-V.0 119781294 6,067 537 20 no
94238.60c260045 endf-60 B-V. 1978[ 294 1 29,05 3,753 20 no 7 b 
$*Pu-239__
94239.50c 236.99901 endf5p I B-V.0 119761 294 1 74,049 1 7,809 20 1 yes I b
942395c 236.9990 nnca I B-V.2 119831 294 1102,0991 10,318 20 yes b
94239.60c 236.99861 endf60 I B-VI.2 119931 294 1283.354 1 26,847 1 20 1 yes b

*Pu-240*4
194240.soc 1237.99201 nnccs I B-V.0 *11977 294 i 58,917 1 6,549 1 20 I yes I b
|94240.60c 237.9920 endf60 I B-VI2 119861 294 133,071 15,676 | 20 | yes I b

* *PU-241*4
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Table 4-1. Avallable Continuous-Energy MCNP Cross Section Libraries

ZAID AWR Lbrary Souce Eval Temp Loength NE E., GPDF Name ~~~~Date (K) (words) (MeV)

9424135c 238.9860 endI8S LLNL <1985 ] 0 8,844 I 257 20 1 yes _p

94241.5Oc 238.9780 endf5p B-V.0 1977 294 38,601 3,744 20 | yes b
94241.51c 238.9780 rmccs B-V.0 1977 294 13,403 623 20 * yes __b

94241.60c 238.9780 endf60 B-VI. 1988 294 76,453 8,112 20 yes _b

"Pu-242"
94242.3Sc 239.9793 endl8S - LLNL <1985 0 21,159 1 1,724 20 1 yes p
94242.SOc 239.9790 endfSp B-V.0 1978 294 71,429 7 7,636 20 | yes b
94242.Slc 239.9790 rmccs B-V.0 11978 294 15,702 728 20 | yes b
94242.60c 239.9790 endf60 B-VI.0 11978 294 73,725 7,896 20 yes b

'*Pu-243*
9424335c 240.97401 endISS I LLNL 19851 0 10,763 | 485 | 20 | yes I p
94243.60c 240.9740 endf60 I B-VI.2 19761 294 45,142 1 4,452 | 20 1 yes I t

'*Pu-244"
194244.60c 241.96801 cndf60 IB-VI.0 119781 294 123,654 1 3,695 1 20 1 no t

'Am-241"_
95241.35c 2389860 endIS5 LLNL <1985 0 25,290 1,982 20 yes _

95241.50c 238.9860 endfBu B-V.0 1978 294 42,084 4,420 20 _yes t
95241.51c 238.9860 nccs B-V.0 1978 294 12,374 713 20 yes t
95241.60c 238.9860 endf60 T-2 I300 168,924 13,556 30 yesI b.&

**Am-242ms"
9524235c 239.98011 endl8S I LLNL | <1985 0 1 20,908 1 1,817 1 20 yes I p
95242.SOc 239.9800 endf5u 13-V.0 1978 294 7 8,593 J 323 1 20 1 yes | t
95242.Sc j239.9800 rnccs B-V.0 1978 12941 8,502 317 1 20 yesr t

*Am-243" -
95243.35c 240.9733 endlS5 LLNL j <1985 0 39,400 4,093 1 20 yes __p

95243.S0c 240.9730 endf5u B-V.0 1978 1 92,015 1 11,921 20 yes
95243.51c 240.9730 rnccs B-V.0 1978 29J 13,684 757 1 20 yes t
95243.60c 240.9730 endf60 B-VI.0 f 1988 294 104,2S7 11,984 20 yes b

**Cm-241**
196241.60c 238.98701 endf60 I B-VI.0 | 1978 | 294 3,132 278 1 20 no t
"Cm-242**
96242.35c 239.9794 end185 JLLNL 1<1985 0 [21,653 1,891 20 yes I 
96242.50c 239.9790 cnd-f5u B-V.0 11978 294 130,897 13,113 20 yes ___

964.1 3.70 me B-V.0 1978 294~ 9,767 472120 Yes t
96242.60c 239970_nd__B-1 1978 294 34,374 3,544 20 Yes b

**Cm-243**____

____ 1 ____ yes_
196243.60c 24.97301 endf60 I B-VI.0 | 1978 1 294 113,86 1 1,445 1 20 | yes 'I b |
*'Cm-2443"

96244.35c 241.97331 cndI8S| LLNL <1985 * 0 21,196 1,815 20 yes _ _P

96244.50c 241.960 enfu B-V.0 11978 294 45,991 4,919 20 Yes. t
96244.5 lc 24-1.9660 rmcc BV.0 11978 294 .10,847 566 20 yes t
96244.60c 241.9660 endf60 B-VI.0 [1978 294 18,001 8,294 20 yes t
*Cm-245**

196245.35c 24296021 endIS. LLNL 1 <1985 0 24,128 1 2,230 I 20 yes I p
96245.60c 242.96001 endf60 B-VI.2 1 1979 294 29,535 2,636 20 yes b

**Cmn-246*
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Tablc 4-1. Available Continuous-Energy MCNP Cross Section Libraries
;ZAID AWR Lbrary s Eval Temp Lngt NE eV) GPD v |F ~~Name Date (K) (words) (MCeV) :

19624635c1243.95341 endI8S I LLNL 1 <19851 0 1 12,489.1 711 1 20 I yes I p I
196246.60c1243.95301 endf60 I BV12 1976 294 37,948 1 3,311 20 - yes I t I
**Cm-247*'
19624735c 244.94791 endISS I LLNL 1 <1985 0 1 20,265 1 1,654 20 yes P
96247.60c 244.9O00 endf60 | B-VI.2 1 1976 1 294 1 38,800 3,679 1 20 yes t

"*Cm-248"*

9624835c 245.94131 endISS I LLNL I <1985 1 18,178 1,425 20- 1 yes p
6248.60c 4.94101 endf60 B-VJ.0 1 1978 294 83,452 9,706 20 yes t

**Bk.2490*

97249.35c 246.93531 endl8S LLNL <1985 O 11,783 633 20 yes p
974960cl246.94001 endf6 B-VI:XIM 1986 294 SO,503 5,268 20 no I b

**Cf-249*
9824935c 246.93521 endI8S I LLNL 1 <1985 0 1 28,055 2,659 1 20 1 yes I p
98249.60c 246.94001 endf60 B-V"XTM 1989 294 1 41,271 4,329 20 no b

**Cf-250**
982503Sc 247.92811 cndI8S I LLNL 1 <1985 0 1 10,487 1 457 1 20 1 yes p
98250.60c 47.92801 endf60 I B-VI.2 11976 1294 1 47,758 1 5,554 1 20 1 yes I t

*'Cf.25100
198251.35c 1248.92271 endl8S I LLNL < c1985 0 1 10,969 5 516 1 20 yes
982SI.60c 248.92301 endf60 I B-VI.2 1 1976 1 294 1 42,817 1 4,226 | 20 | yes I b |

**Cf-252"
19825235c 249.91611 endl8S I LLNL I <1985 O 1 17,908 1 1,535 I 20 I yes I
198252.60c 249.91601 endf6O I B-VI.2 1 1976 1 294 1 49,204 5 5,250 1 20 1 yes I b

.

Special Notes (pp. G-29 and G-30, Ref. 1):

Note 1: The data libraries previously known as EPRIXS and U600K are now a part of the data
library ENDFSMT. (Affected cross section libraries: 1001.53c, 5010.53c, 8016.53c,
8016.54c, 54135.50c, 54135.53c, 54135.54c, 92235.52c, 92235.53c, 92235.54c,
9223g.52c, 92238.53c, 92238.54c)

Note 2: Data translated to ENDF/B-VI format with some modifications by LANL. (Affected
cross section library: 1002.60c)

Note 3: The IOOXS data library contains data for 9 nuclides up to 100 MeV. Heating numbers on
this data library are known to be incorrect, overestimating the energy deposition.
(Affected cross section libraries: 4009.21c, 60121c, 8016.21c, 13027.21c, 1400021c,
20040.21c, 26000.21c, 74000.21c, 92238.21c)

Note 4: The natural carbon data 6000.50c are repeated here with the ZAID of6012.50c for the
user's convenience. Both are based on the natural carbon ENDFIB-V.0 evaluation.
(Affected cross section library: 6012.50c)
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Note 5: The data libraries previously known as ARKRC, GDT2GP, IRNAT, MISCXS, TM169,
and T2DDC are now part of the data library MISC5XS. (Affected cross section library:
6012.50c)

Note 6: Photon production data were added to the existing ENDF evaluation in 1984. A complete
new evaluation was performed in 1986. (Affected cross section libraries: 18000.59c,
35079.55c, 35081.55c, 36082.59c, 36083.59c, 36084.59c, 36086.59c, 37085.55c,
37087.55c, 39089.35c, 40000.56c, 40000.57c, 40000.58c, 53127.55c, 55133.55c,
64152.55c, 64154.55c, 64155.55c, 64156.55c, 64157.55c, 64158.55c, 64160.55c,
69169.55c, 75185.32c, 75187.32c, 77000.55c)

Note 7: Photon production added to ENDFIB-V.0 neutron files by T-2, with the intent to
estimate photon heating roughly. (Affected cross section libraries: 18000.59c,
36082.59c, 36083.59c, 36084.59c, 36086.59c)

Note 8: These data were taken from incomplete fission-product evaluations. (Affected cross
section libraries: 35079.55c, 35081.55c, 37085.55c, 37087.55c, 53127.55c, 55133.55c)

Note 9: This is ENDF/B-V.0 after modification by evaluator to get better agreement with
ENDL85. (Affected cross section library: 39089.50c)

Note 10: The following files for Zr have been replaced by the indicated ZAID, eliminating the
rare problem of having a secondary neutron energy greater than the incident neutron
energy caused by an ENDF/B-V.0 evaluation problem. Note that this correction has
been made for the ENDF/B-VI evaluation (40000.60c).

40000.50c rmccs 40000.56c misc5xs
40000.51c endf5p 40000.57c misc5xs
40000.53c eprixs; 40000.58c misc5xs

Note 11: This note is not referenced in Table 4.1. <

Note 12: The LANL/-2 evaluation for I-i27 was accepted for ENDF/B-VI.2 with
modifications. These data are processed from the original LANL/T-2 evaluation.
(Affected cross section library: 53127.60c)

Note 13: Photon production for GDT2GP. Photon production data were added to the ENDF/B-
V.0 neutron cross sections by T-2. These data are valid only to 1 MeV. (Affected cross
section libraries: 64152.55c, 64154.55c, 64155.55c, 64156.55c, 64157.55c, 64158.55c,
64160.55c)

Note 14: Photon production data added to original evaluation in 1981 by LANL. (Affected cross
section lhbrary: 92233.60c)
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5. Comparison of Available Cross Section Libraries
Q

The comparison of the available continuous-energy cross section libraries documented in this
report consisted of comparing the graphical representation of the various cross section libraries.
A total of 757 plots were generated to compare the ACE format cross section libraries of 193
elements and isotopes. Table 5.10 presents the index for the 757 cross section plots. The cross
section plots are presented in the Graphics Interchanged Format (GIF) on the attached CD-ROM
identified as Attachment 1. The filenames for the various cross section plots contained on the
CD-ROM follow the format "p#.gif", where # corresponds to the plot number shown in Table
5.10. If multiple cross section libraries were available for each of the elements or isotopes, they
were presented simultaneously in the various plots. If the natural cross section library and all of
the constituent isotopic cross section libraries were available for a given element, a comparison
plot was made for the natural cross section and isotopic representation of the natural cross
section. The elements for which these natural versus isotopic-based natural cross section
comparison plots were generated include: Cr, Fe, Ni, Cu, Ag, Eu, Gd, W, and Pb.

The natural versus isotopic-based natural cross section comparison plots for Eu are presented in
Figures 5.1 through 5.6, as an example of the types of comparisons plots that are contained in
Attachment I.

The various plots indexed in Table 5.10 were created using the MCPLOT feature available in
MCNP4B (pp. B-10 through B-19, Ref 1). The various cross section plots were generated using
the following MCNP input deck:

Model for Cross Section Plotting
C
C This model is used solely f0
C The cross section plots for I
C report entitled Selection o0
C Libraries" are generated usi
C
C Geometry Specifications

c cross section plotting.
:be QAP-3-5 technical
I MCNP Cross Section
ig this model as a source.

1
2
3
4
5
6
7
8
9
10
11
12
13

14
15
16
17
18
19

C
1
2
3
4
S

1 -1.0 -1 IMP:N-1 $ Sphere containing all cross section libraries
2 -1.0 +1 -2 IMP:N-1 $ Spherical shell containing natural Cr
3 -1.0 +2 -3 IMP:W-1 $ Spherical shell containing natural Fe
4 -1.0 +3 -4 IMP:N-1 $ Spherical shell containing natural Ni
5 -1.0 +4 -5 1MP:V-l $ Spherical shell containing natural Cu
6 -1.0 +5 -6 XMPsN-1 $ spherical shell containing natural Ag
7 -1.0 +6 -7 ZMP:N-l $ Spherical shell containing natural Ag
e -1.0 +7 -8 IMP:N-l $ Spherical shell containing natural Ag
9 -1.0 +8 -9 zMP:N-l $ Spherical shell containing natural Eu
10 -1.0 +9 -10 ZMP:N-l $ Spherical shell containing natural Eu
11 -1.0 +10 -11 IMP:N-l S Spherical shell containing natural Eu
.12 -1.0 +11 -12. IMP:N-1 $ Spherical shell containing natural Gd
13 -1.0 +12 -13 IMP:N-1 $ Spherical shell containing natural Gd
14 -1.0. +13 -14 IMP:N-1 $ Spherical shell containing natural Gd
15 -1.0 +14 -15 IMP:N-l $ Spherical shell containing natural V
16 -1.0 +15 -16 IMP:N-l $ Spherical shell containing natural N
17 -1.0 +16 -17 ZMP:N-1 $ Spherical shell containing natural V
18 -1.0 +17 -18 XMP:N-l $ Spherical shell containing natural Pb
0 +18 IMP:N-D S Zero importance region

Surface Specifications
SO I
SO 2
SO 3
SO 4
SO 5
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I
i

6
7
8
9
10
11
12
13
14
15
16
17
1E

C
Ml

so
so
so
so

so
so
so
so
so
so
SO
So
so

6
7
8
9

10
12
12
13
14
15
16
17
la

Material Specifications
1001.35c -100
1001.5c -100
1001.53c -100
1001.60c -100
1002.35c -100
1002.Sc -100
1002.55c -100
1002.60c -100
1003.35c -100
1003.50c -100
1003.60c -100
2003.35c -100
2003.50c -100
2003.60c -100
2004.35c -10D
2004.50c -1OD
2004.60c -100
3006.Sc -100
3006.60c -100
3007.50c -100
3007.55c -100
3007.60c -100
4007.35c -100
4009.21c -100
4009.50c -100
4009.60c -100
5010.50c -100
5010.53c -100
5010.60c -100
5011.35c -100
501.Sc -100
5011.55c -100
5011.56c -100
5011.60c -100
6000.50c -100
6000.60c -100
6012.21c -100
6012.35c -100
6012.5Dc -100
6013,35c -100
7014.50c -100
7014.6Cc -100
7015.55c -100
7015.60c -10D
8Dl6.21c -100
8016.35c -100
8016.5Dc -100
8016.53e -100
8016.54c -100
8016.60c -100
8017.60c -100
9019.35e -100
9019.50c -100
9019.51c -100
9019.60c -100
11023.35c -100
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11023.50c
11023.51c
11023.60c
12000.35c
12000.50c
12000.51c
12000.60c
13027.21c
13027.35c
13027.50c
13027.60c
14000.21c
14000.35c
14000.5c
14000.51c
14000.60c
15031.35c
15031.50c
15031.51c
15031.60c
16000. 60c
16032.35c
16032.50c
16032.51c
16032.60c
17000.35c
17000.50c
17000.51c
17000.60c
18000.35c
18000.59c
19000.35c
19000.50c
19000.51c
19000.60c
20000.35c
20000.50c
20000.51c
20000.60c
20040.21c
21045.60c
22000.35c
22000.50c
22000.51c
22000.60c
23000.50c
23000.51c
23000.60c
24000.35c
24000.50c
24050.60c
24052.60c
24053.60c
24054.60c
25055.35c
25055.5c
25055.Slc
25055.60c
26000.21c
26000.35c
26000.50c
26000.55c
26054.60c
26056.60c
26057.60c
26058.60c
21059.35c
27059.50c
27059.Slc
27059.60c
28000.50c

-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100

. , .

. . .

' :' '
. . . .. .

:
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2B058.35c -100
28058.60c -100
28060.60c -100
28061.6cc -100
28062.6Cc -100
28064.60c -100
29000.35c -100
29000.Sc -100
29063.60c -100
29065.6Cc -100
31000.35c -100
31000.Sc -100
31000.60c -100
33074.35c -100
33075.35c -100
35079.55c -100
35081.S5c -100
36078.Sc -100
36080.Sc -100
36082.Sc -100
36082.59c -100
36083.50c -100
36083.59c -100
36084.50c -100
36084.59c -100
36086.Sc -100
36086.59c -100
37085.55c -100
37087.55c -100
39088.35c -100
39089.35c -100
39089.50c -100
39089.6Cc -100
40000.35c -100
40000.56c -100
40000.57c -100
40000.58c -100
40000.60c -100
40093.50c -100
41093.35c -100
41093.Sc -100
41093.51c -100
41093.6Cc -100

.42000.35c -100
42000.Sc -100
42000.Slc -100
42000.60c -100
42095.5c -100
43099.50c -100
43099.60c -100
44101.Sc -100
44103.50c -100
45103.50c -100
45105.5c .-100
45117.90c .-100
46105.50c -100
46108.50c -100
46119.90c -100
47000.55c :-100
47107.35c -100
47107.50c -100
47107.60c -100
47109.35c .- 100
47109.50c .-100
47109.60c -100:
48000.35c '-100
48000.50c -100
48000.51c -100
49000.60c -100
50000.35c -100
53127.55c -100
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53127.60c
53129.60c
53135.5c
54000.35c
54131.50c
54134.35c
54135.5Cc
54135.53c
54135.54c
55133.5Cc
55133.55c
55133.60c
55134.60c
55135.50c
55135.60c
55136.60c
55137.60c
56138.35c
56138.50c
56138.60c
59141.50c
60143.5c
60145.50c
60147.50c
60148.50c
61147.50c
6114E.50c
61149.5c
62147.50c
62149.50c
62150.50c
62151.50c
62152.50c
63000.35c
63151.50c
63151.55c
63151.60c
63152.50c
63153.50c
63153.55c
63153.60c
63154.50c
63155.50c
64000.35c
64152.50c
64152 .55c
64152.60c
64154. 5Cc
64154.55c
64154.60c
64155.50c
64155.55c
64155.60c
64156.5Cc
64156.S5c
64156.60c
64157. 5Cc
64157.55c
64157.60c
64158.50c
64159.55c
64158.60c
64160.50c
64160.55c
64160.60c
67165.35c
67165.55c
67165.60c
69169.55c
72000.35c
72000.50c

-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-100
-l00
-100
-100
-100
-100
-100
-100
-100
-100
-1OD
-100
-100
-100
-100
-100

.

.. .

. .

. . ;
.

, .
. .

...
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72000.60c -100
73181.35c -100
73191.50c -100
73181.5c -100
73181.60c -100
731B2.60c -100
74000.21c -100
74000.55c -100
74182.SOc -100
741B2.55c -100
741B2.60c -100
741B3.50c -100
74193.55c -100
741B3.COc -100
74184.50c -100
74184.55c -100
74184.60c -100
74186.50c -100
74186.55c -100
74186.60c -100
751B5.32c -100
751BS.35c -100
7518S.SOc -100
75185.60c -100
751B7.32c -100
751B7.35c -100
751S7.50c -100
7517.60c -100
77000.55c -100
7B000.35c -100
79197.35c -100
79197.50c -100
79197.55c -100
79197.56c -100
79197.60c -100
82000.35c -100
82000.50c -100
82206.60c -100
02207.60c -100
B220B.60c -100
B3209.35c -100
B3209.50c -100
83209.51c -100
B3209.60c -100
90230.60c -100
9D231.35c -100
90232.35c -100
90232.50c -100
90232.51c -100
90232.60c -100
90233.35c -100
91231.60c -100
91233.35c -100
91233.50c -100
91233.51c -100
92232.60c -100
92233.35c -100
92233.50c -100
92233.6Dc -100
92234.35c -100
92234.Sc -100
92234.52c -100
92234.60c -100
92235.50c -100
92235.52c -100
92235.53c -100
92235.54c -100

.92235.60c -100
92236.35c -100
92236.50c -100
92236.51c -100
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92236.60c *-100
92237.35c -100
92237.S0c -100
92237.51c -100
92238.21c -100
92238.35c -100
92238.50c -100
92238.52c -100
92238.53c -100
92238.54c -100
92238.60c -100
92239.35c -100
92240.35c -100
93235.35c -100
93236.35c -100
93237.35c -100
93237.50c -100
93237.55c -100
93237.60c. -100
93238.35c -100
93239.60c -100
94236.60c -100
94237.35c -100
94237.60c -100
94238.35c -100
94238.50c -100
94238 5c -100
94238.60c -100
94239.50c -100
94239.55c -100
94239.60c -100
94240.50c -100
94240.60c -100
94241.35c -100
94241.5c -100
94241.51c -100
94241.60c -100
94242.35c -100
94242.50c -100
94242.51c -100
94242.60c -100
94243.35c -100
94243.60c -100
94244.6Cc -100
95241.35c -100
95241.50c -100
95241.Slc -100
95241.60c -100
95242.35c -100
95242.SOc -200
95242.51c -100
95243.35c -100
95243.5Cc -100
95243.51c -100
95243.60c -100
96241.60c -;100
96242.35c -100
96242.50c -100
96242.51c -100
96242.60c -100
96243.35c -100
96243.60c -100
96244.35c -100
'96244.5;C -100
96244.51c -100
96244.60C -100
96245.35c -100
96245.6Cc -100
96246.35c -100
96246.60c -100
96247.35c -100
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96247.60c
96249.35c
96248.60c
97249.35c
97249.60c
98249.35c
98249.60c
98250.35c
98250.60c
98251.35c
98251.60c
98252.35c
98252.60c

M2 24050.60c
24052.60c
24053.60c
24054.60c

M3 26054.60c
26056.60c
26057.60c
26058.60c

4 28058.60c
28060.60c
28061.60c
28062.60c
28064.60c

ffS 29063.60c
29065.60c

H6 47107.60c
47109.60c

17 47107.35c
47109.35c

H8 47107.50c
47109.50c

H49 63151.60c
63153.60c

H10 63151.50c
63153.50c

1 63151.55c
63153.55c

112 64152.60c
64154.60c
64155.60c
64156.60c
64157.60c
64158.60c
64160.60c

M13 64152.5c
64154.SOc
64155 .5c
64156.50c
64157.50c
64158.50c
64160.5Cc

M14 64152.SSc
64154.55c
64155.S5c
64156.55c
64157.55c
64158.55c
64160.S5c

M15 74182.60c
74183.60c
74184.60c
74186.60c

116 74182.50c
74183.50C
74184.50c
74186.50c

M17 74182.55c
74183.55c

-100
-100
-100
-100
-100
-100
-100.
-100
-100
-100
-100
-100
-100
-4.173708 $
-83.700254
-9.672640
-2.453398
-5.698834 S
-91.869632
-2.141054

Natural Cr Using ENDF/B-VI Cross Section Libraries

Natural re Using ENDF/B-VI Cross Section Libraries

-0.290481
-67.394713
-26.652659
-1.173193
-3.788185
-0.991250
-68.499441
-31.500559
-51.376290
-48.623710
-51.376290
-48.623710

*-51.376290
-48.623710
-47.471252
-52.528748
-47.471252
-52.528748
-47.411252
-52.528748
-0.193219 S
-2.133824
-14.580782
-20.296917
-15.617353
-24.946080
-22.231825
-0.193219 S
-2.133824
-14.580782
-20.296917
-15.617353
-24.946080
-22.231825
-0.193219 $
-2.133824
-14.580782
-20.296917
-15.617353
-24.946080
-22.231825
-26.027729
-14.209725
-30.835720
-28.926827
-26.027729
-14.209725
-30.935720
-28.926827
-26.027729
-14.209725

$ Natural Ni Using ENDF/B-VI Cross Section Libraries

$ Natural Cu Using ENDF/B-V Cs Section Libraries

$ Natural Ag Using ENDF/B-VZ Cross Section Libraries (endf602)

$ Natural Ag Using ENOL Cr08 Section Libraries (endIG52)

$ Natural Ag Using ENDF/B-V Cross Section Libraries (rmccaa2)

$ Natural Eu Using ENDF/B-VZ Cross Section Libraries endf6C2)

$ Natural Eu Using ENDF/D-V Cross Section Libraries (cs2)

$Natural Eu Using ENDF/B-V Cross Section Libraries (newxs2)

Natural Gd Using ENDF/B-VI Cross Section Libraries (endf602)

Natural Gd Using ENDF/B-V Cross Section Libraries (endfcu2)

Natural Gd Using ENDF/B-V Cross Section Libraries (miac5x32)

; Natural Using ENDF/B-VI Cross Section Libraries endf602)

Natural V Using ENDF/B-V Cross Section Libraries endfSp2)

Natural Using ENDF/B-V Cross Section Libraries (rmcCsa2)
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74184.55c
74186.55c

M16 62206.60c
92207.60c
82208.60c

-30.835720
-28.926927
-23.948519 $ Natural Pb Using ENDF/B-VI Cross Section Libraries endf6O2)
-22.068637
-53.982844

C
C rake control specifications
MODE 
KCODE 100 1 10 100
KSRC 0 0 0
PRINT -128

The natual compositions for material numbers M2 through MI 8 in the MCNP input deck
presented above were calculated using Equations 5.1 and 5.2 and the data presented in Tables 5.1
through 5.9. The atomic weight ratio values for the various isotopes in Tables 5.1 through 5.9
were obtained from the xsdir file used by MCNP (p. F-2, Ref. 1 and p. II1-3, Ref 5). The atom
percent in nature of the various isotopes in Tables 5.1 through 5.9 are obtained from Reference 7.
The number of significant figures presented for the elemental atomic weight ratios and the
isotopic weight percents in nature in Tables 5.1 through 5.9 are a function of the calculations and
should not be interpreted as a reflection of accuracy.

Equation 5-1. Atomic Weight Ratio of Element in Nature (Ihe atomic weight ratio of an
entity is the ratio of the entity's mass to the mass of a neutron.)

, Aomic Weight Ratio of Isotope), 
Atomic Weight Ratio of Element in Nature = (At

il :(Atom Percent of Isotope in Nature),

where I is the total number of isotopes composing the element in its natural state.

Equation 5-2. Weight Percent of an Isotope in a Natural Elemental Composition

r(Atomic Weight Ratio of Isotope)*
[(Atom Percent of Isotope in Nature)][Isotopic Weight Percent

Lin Elemental Composition]
: _

(Atomic Weight Ratio of Element in Nature)

Table 5-I. Data for Isotopic Representation of Natural Chromium
Element or Isotope Atomic Weight Ratio Atom % in Nature Weight % in Nature

Cr-SO 49.5170 4345 4.173708
Cr-52 51.4940 . 83.79 83.700254
Cr-53 52.4860 9.50 9.672640
Cr-54 53.4760 2.365 2.453398

Cr(natural) 51.549214 100 100

Table 5-2. Data for Isotopic Representation of Natural Iron
Element or Isotope Atomic Weight Ratio Atom % in Nature Weight % In Nature

Fe-54 53.4760 . 5.9 5.698834
Fe-56 55.4540 91.72 91.869632
Fe,-57 56.4460 2.1 * 2.141054
Fe-S 57.4360 028. 0290481

Fe (natuml) 55.363680 100 100
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Q Table 5-3. Data for Isotopic Representation of Natural Nickel
Element or Isotope Atomic Weight Ratio Atom % in Nature Weight % in Nature

Ni-58 57A380 68.27 67394713
Ni-60 59A160 26.10 26.652659
Ni-61 60A080 1.13 1.173193
Ni-62 61.3960 3.59 3.788185
Ni-64 63.3790 0.91 0.991250

Ni (natunr) 58.183974 100 100

Table 54. Data for Isotopic Representation of Natural Copper
Element or Isotope Atomic Weight Ratio Atom % In Nature Weight % In Nature

Cu-63 62.3890 69.17 68A99441
Cu-65 643700 30.83 31.500559

Cu (natural) 62.999742 100 100

Table 5-5. Data for Isotopic Representation of Natural Silver
Element or Isotope Atomic Weight Ratio Atom % In Nature Weight % In Nature

Ag-107 105.9870 51.839 51.376290
Ag-109 107.9690 48.161 48.623710

Ag (natural) 106.941551 100 100

Table 5-6. Data for Isotopic Representation of Natural Europium
Element or sotopE Atomic Weight Ratio Atom%In Nature Weight % in Nature

Eu-lSl 149.6230 47.8 1 47A71252
Eu-153 151.6080 1 522 | 52.528748

Eu(natural) 150.659170 100 100

Table 5-7. Data for Isotopic Representation of Natural Gadolinium
Element or Isotope Atomic Weight Ratio Atom % In Nature Weight % in Nature

Gd-152 150.6150 0.20 0.193219
Gd-154 152.5990 2.18 2.133824
Gd-lSS 153.5920 14.80 14.580782
Gd-156 154S830 20.47 20296917
Gd-157 155.5760 15.65 15.617353
Gd-15 156.5670 24.84 24.946080
Gd-160 158.530 21.86 22231825

Gd (natural) 155.901217 100 100

Table 5-8. Data for Isotopic Representation of Natural Tungsten
Element or Isotope Atomic Weight Ratio Atom % In Nature Weight % In Nature

W-180 CrOSS SC~~~~tIOOL~~hra~~y The atom % in nature of
W-180 Cross SecNton Lalbley 0.12 W-180 was added to the

.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .W -184 atom % in nature.

- W-182 1803900 26.3 26.027729
W-183. 1813800 1428 14209725

.W-184 182.3700 30.7 30.835720
W-186 1843600 28.6 28.926827

W (natural) 182.277028 100 100
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Table 5-9. Data for Isotopic Representation of Natural Lead
Element or Isotope Atomic Weight Ratio Atom % in Nature Weight % In Nature

Cross Section Library 1.4 The atom % in nature of
Pb-204 Cro tiLbrs 1.4 Pb-204 was added to te

Not Available ~~~~~Pb-208 atom % in nature.

Pb-206 2042000 24.1 23.948519
Pb-207 205.2000 22.1 22.068637
Pb-208 206.1900 S2A S3.982844

Pb (natural) 205A91620 100 100

Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

H-1 Elastic Scattering Total 1
H-i Total Absorption Total 2
H-2 Elastic Scattering Total 3
H-2 Total Absorption Total 4
H-3 Elastic Scattering Total 5
He-3 Elastic Scattering Total 6
He-3 Total Absorption Total 7
He-4 Elastic Scattering Total 8
Li-6 Elastic Scaring Total 9
Li-6 Total Absorption Total 10
L-7 Elastic Scattering Total 11

B-7 Total Absorption Total 14
Be-9 Elastic Scattering Total 15
Be-9 Total Absorption Total 16
B-10 Elastic Scattering Total 17
B-10 Elastic Scatterng 0.1 to S0.0 MeV 18
B-10 Total Absorption Total 19
B-10 Total Absorption 0.7 to 50.0 MeV 20
B-11 Elastic Scatiering Total 21
B- I |. Elastic Scattering 0.01 to 20.0 MeV 22
B-11 Total Absorption Total 23
B-l1 Total Absorption 0.01 to 20.0 MeV 24

C (natural) Elastic Scattering Total 25
C (natural) Elastic Scattering 1.0 to 20.0 MeV 26
C (natural) Total Absorption Total 27
C (natural) Total Absorption 5.0 to 20.0 MeV 28

C-12 7 licScattering Total 29
C-12 Elastic Scattering 1.0 to 20.0 MeV 30
C-12 Total Absorption Total 31

C (natural) & C-12 Elastic Scatiterng Total 32
C (natural) & C-12 ElasticScattering 1.0 to 20.0 MeV 33
C (natural) & C-12 Total Absorption Total 34
C (natural) & C-12 Total Absorption 1.0 to 20.0 MeV 35

C-13 Elastic Scattering Total 36
C-13 Total Absorption Total 37
N-14 Elastic Scattering Total 38
N-14 Elastic Scattering 0.1 to 20.0 MeV 39
N-14 Total Absorption Total 40
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reactlon Energy Range Plot Number'

N-14 Total Absorption 0.1 to 20.0 MeV 41
N-IS Elastic Scattering Total 42
N-IS Elastic Scattering 1.0 to 20.0 MeV 43
N-IS Total Absorption Total 44
0-16 Elastic Scattering Total 45
0-16 Elastic Scattering 0.3 to 20.0 MeV 46
0-16 Total Absorpton Total 47
0-16 Total Absorpion 2.0 to20.0 MeV 48
0-17 Elastic Scattering Total 49
0-17 Total Absorption Total S0
F-19 Elastic Scattering Total Sl
F-19 Elastic Scattering 0.01 to 20.0 McV 52
F-19 Total Abspon Total 53
F-19 Total Absorpdon 0.01 to 20.0 MeV 54

Na-23 Elastic Scattering Total 55
Na-23 Elastic Scattering 0.001 to 20.0 MeV 56
Na-23 Total Abswption Total 57
Na-23 Total Absorption 0.001 to 20.0 MeV 58

Mg (natural) Elastic ScaMring Total 59
Mg (natural) Elastic Scattering 0.01 to 20.0 MeV 60
Mg (natural) Total Absorption Total 61
Mg (natural) Total Absorption 0.01 to 20.0 MeV 62

Al-27 Elic Scating Total 63
Al-27 Elastic Scattering 0.003 to 20.0 MeV 64
A-27 Total Absorption Total 65

Si (natural) Elastic Scattering Total 66
Si (natural) Elastic Scattering 0.005 to 20.0 MeV 67
Si (natural) Total Absorption Total 68
Si (natural) Total Absorption 0.001 to 20.0 MeV 69

P-3 1 Elastic Scattering Total 70
P-3 1 Elastic Scatering 0.002 to 20.0 MeV 71
P-31 Total Absorption Total 72
P-31 . Total Absorption 0.1 to 20.0 MeV 73

S (natural) Elastic Scattering Total 74
S (natural) Total Absorption Total 75

S-32 Elastic Scattering Total 76
S-32 Elastic Scattering 0.01 to 20.0 MeV 77
S-32 Total Absorpton Total 78
S-32 Total Absorption 0.0I to 20.0 MeV 79

S (natural) & S-32 Elastic Scattering Total 80
S (natural) & S-32 Elastic Scaing 0.01 to 20.0 MeV 81
S (natural) & S-32 Total Absorption Total 82
S (natural) & S-32 Total Absorption 0.01 to 20.0 MeV * 83

Cl (natural) Elastic Scattering _ Total 84
Cl (natural) . Elastic Scattering .OE-4 to 2.0 MeV 85
Cl (nal) TotalAbsorpion Total 86
Ar (natural) Elasdc Scaiiering Total 87
Ar (natural) Total Absorption Total 88
K (natural) Elastic Seattering Total 89
K (natural) Elastic Scattering 0.001 to 10.0 MeV 90
K (natural) Total Absorption Total 91
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

Ca (natural) Elastic Scattering Total 92
Ca (natural) Elastic Scattering 0.01 to 20.0 MeV 93
Ca (natural) Total Absorption Total 94
Ca (natural) Total Absoron 0.001 to 20.0 MeV 95

Ca-40 Elasti Scattering Total 279
Ca-40 Total Absorption Total 280
Sc-45 Elastic Scattering Total 96
Sc-4S Elastic Scattering 0.001 to 0.2 MeV 97
Sc-45 Total Absorption Total 98
Sc-4S Total Absorption 0.001 to 0.2 MeV 99

Ti (natural) Elastic Scattering Total 100
Ti (natural) Elastic Scattering 0.002 to 0.3 MeV 101
Ti (natural) Total Absorption Total 102
Ti (natural) Total Absorption 0.002 to 0.3 MeV 103
V (natural) Elastic Scattering Total 104
V (natural) Elastic Scattering 0.001 to 20.0 MeV 105
V (natural) Total Absorption Total. 106
V (natural) Total Absorption 0.001 to 02 MeV 107
Cr (natural) Elastic Scattering Total 108
Cr (natural) Elastic Scattering 0.01 to 5.0 MeV 109
Cr (natural) Total Absorption Total . 110
Cr (natural) Total Absorption 0.001 to 2.0 MeV 111

Cr Isotopic Cross Sections
in Natural Composition & Elastic Scattering Total 112
Natural Cr Cross Sections
Cr Isotopic Cross Sections
in Natural Composition & Elastic Scattering .OE-4 to 0.1 MeV 113
Natural Cr Cross Sections
Cr Isotopic Cross Sections
in Natural Composition & Elastic Scattering 0.1 to 1.0 MeV 114
Natural Cr Cross Sections
Cr Isotopic Cross Sections
in Natural Composition & Elastic Scattering. 1.0 to 20.0 MeV 115
Natural Cr Cross Sections
Cr Isotopic Cross Sections
In Natural Composition & Total Absorption Total 116
Natural Cr Cross Sections . .
Cr Isotopic Cross Sections
In Natural Composition & Total Absorption 0.00 1 to 0.01 MeV 117
Natural Cr Cross Sections .
Cr Isotopic Cross Sections
in Natural Composition& . Total Absorption 0.01 to 1.0 MeV 118
Nahra Cr Cross Sections . . .
Cr Isotopic Cross Sections
in Natural Composition& Total Absorption 1.0 to 20.0 MeV 119
Natural Cr Cross Sections . ._.

Mn-55 Elastic Scattering. Total 120
Mn-SS Elastic Scattering 1.OE-4 to 0.01 MeV 121
Mn-55 Elastic Scattering 0.01 to 10.0 MeV 122
Mn-S5 Total Absorption Total 123
Mn-55 Total Absorption 1.OE-4 to 0.01 MeV 124
Mn-S5 Total Absorption 0.01 to 0.2 MeV 125
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

Fe (natural) Elastic Scattering Total 126
Fe (natural) Elasic Scattering 0.001 to 0.1 MeV 127

-Fe (natural) Elastic Scattering 0.1 to 1.0 MeV 128
Fe (natural) Elastic Scattering 1.0 to 10.0 MeV 129
Fe (natural) Total Absorption Total 130
Fe (natural) Total Absorption 1.OE-4 to 0.01 MeV 131
Fe (natural) Total Absorption 0.01 to 0.1 MeV 132
Fe (natural) . Total Absorption 01 to 1.0 MeV 133

Fe Isotopic Cross Sections
in Natural Composition & Elastic Scattering Total 134
Natural Fe Cross Sections ._.
Fe Isotopic Cross Sections
in Natural Composition & Elastic Scattering 0.001 to 0.1 MeV 135
Naural Fe Cross Sections
Fe Isotopic Cross Sections
in Natural Composition & Elastic Scattering 0.1 to 1.0 MeV 136
Natral Fe Cross Sections .
Fe Isotopic Cross Sections -

in Natural Composition & Elastic Scattering 1.0 to 10.0 MeV 137
Natural Fe Cross Sections . ._ .
Fe lsotopic Cross Sections
In Natural Composition & Total Absorption Total 138
Naural Fe Cross Sections
Fe Isotopic Cross Sections
in Natunal Composition & Total Absorption 0.001 to 0.1 MeV 139
Natural Fe Cross Sections
Fe Isotopic Cross Sections
in Natural Composition & Total Absorption 0.1 to 1.0 MeV 140
Natural Fe Cross Sections .

Co-59 Elastic Scattering Total 141
Co-59 Elastic Scattering 0.01 to 0.1 MeV 142
Co-59 Elastic Sateriog 0.1 to 1.0 MeV 143
Co-59 Elastic Scattering 1.0 to 10.0 MeV 144
Co-S9 Total A pdon Total 145
Co-59 . Tol Absorption 0.001 to 0.01 MeV 146
*Co-59 Total Abmtio * 0.01 to 0. IMeV 147
Co-59 Totaf Absorption 0.1 to 20.0 MeV 148

Ni Isotopic Cross Sections
in Natural Composition & Elastic Scattering Total 149
Natural Ni Cross Sections .
Ni Isotopic Cross Sections
inNaturul Composition & Elastic Scattering . 0.01 to 0.1 MeV 1S0
Natural Ni Cross Sections .
Ni Isotopic Cross Sections
inNatural Composition & Elastic Scattering 0.1 to 1.0 MeV 151
Natural Ni Cross Sections .. .

Ni Isotopic Cross Sections
in Natural Composition & Elastic Scattering 1.0 to 10.0 MeV 152
Natural Ni Cross Sections . _ ._._.
Ni Isotopic Cross Sections
inNatural Composition Total Absorption * Total 153
Natural Ni Cross Sectiops
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

Ni Isotopic Cross Sections
in Natural Composition & Total Absorption 0.001 to 0.01 MeV 154
Natural Ni Cross Sections
Ni Isotopic Cross Sections
in Natural Comp6sition & Total Absorption 0.01 to 0.1 MeV 155
Natural Ni Cross Sections
Ni isotopic Cross Sections
in Natural Composition Total Absorption 0.1 to 1.0 MeV 156
Natural Ni Cross Sections

Ni-58 Elastic Scattering Total 157
Ni-58 Elastic Scattering 0.01 to 1.0MeV 158
Ni-S8 Elastic Scattering 1.0 to 10.0 MeV 159
Ni-S8 Total Absorption Total 160
Ni-S Total Absorption 0.001 to 0.1 MeV 161
Ni-58 Total Absorption 0.1 to 1.0 MeV 162

Cu Isotopic Cross Sections
in Natural Composition-A: - ElasticScattering Total - 163---
Natural Cu Cross Sections
Cu Isotopic Cross Sections
in Natural Coniposition & Elastic Scattering 2.OE-4 to 0.01 MeV . 164
Natural Cu Cross Sections .
CTu Isotopc Cross Sections
in Natural Composition & Elastic Scattering 0.01 to 0.1 MeV 165
Natural Cu Cross Sections
Cu Isotopic Cross Sections
in Natural Composition Elastic Scattering 0.1 to 1.0 MeV 166
Natural Cu Cross Sections
Cu Isotopic Cross Sections
in Natural Composition & Total Absorption Total 167
Natural Cu Cross Sections
Cu Isotopic Cross Sections
in Natural Composition & Total Absorption L.OE-4 to 0.001 MeV 168
Natural Cu Cross Sections
Cu Isotopic Cross Sections
in Natural Composition & Total Absorption 0.001 to 0.01 MeV 169
Natural Cu Cross Sections
Cu Isotopic Cross Sections
in Natural Composition & Total Absorption 0.01 to 02 MeV 170
Natural Cu Cross Sections

Ga (natural) Elastic Scattering Total 171
Ga (natural) Total Absorption Total 172

As-74 Elastic Scattering Total 173
As-74 . Total Absorption Total 174
As-7S Elastic Scattering Total 175
As-75 Total Absorption Total 176
Br-79 Elastic Scattering Total 177
Br-79 Total Ab on Total 178
Br-81 Elastic Scattering Total 179
Br-81 Total Absorption. Total 180
Kr-78 Elastic Scattering Total 181
Kr-78 Total Absorption Total 182
Kr-0 . -Elastic Scattering Total 183
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Numbere

Kr-S0 Total Absorption Total 184
Kr-82 Elastic Scattering Total 185
Kr-82 Total Absorpton Total 186
Kr-83 Elastic Scattering Total 187
Kr-83 Total Absorption Total 188
Kr-84 Elastic Scattering Total 189
Kr-84 Total Absorption Total 190
Kr-86 Elastic Scattering Total 191
Kr-86 Total Absorption Total 192
Rb-85 Elastic Scattering Total 193
Rb-85 Total Absorption Total 194
Rb-87 Elastic Scattering Total 195
Rb-87 Total Abo tion Total 196
Y-88 Elastic Scattering Total 197
Y-88 Total Absorption Total 198
Y-89 Elastic Scattering Total 199
Y-89 Elastic Scattering 0.001 to 0.01 MeV 200
Y-89 Elastic Scattering 0.0 Ito 0.1 MeV 201
Y-89. Elastic Scattering 0.1 to 1.0 McV 202
Y-89 Total Absorption Total 203
Y-89 TotalAbsorption 0.001 to 0.01 MeV 204
Y-89 Total Absorption. 0.01 to 0.I MeV 205
Y-89 Total Absorption 0.1 to 1.0 MeV 206

Zr (natural) Elastic Scattering Total 207
Zr (natural) Elastic Scattering 1.OE-4 to 0.001 MeV 208
Zr (natural) Elastic Scattering 0.001 to 0.01 MeV 209
Zr(natural) Elastic Scattering 0.01 to 0.1 MeV 210
Zr (natural) Total Absoion Total 211
Zr (natural) Total Absorption 1.OE-4 to 0.001 MeV 212
Zr (natural) Total Absorption 0.001 to 0.0I MeV 213
Zr(natural) Total Absorption 0.01 to 0.1 MeV 214

Zr-93 . Elastic Scattering Total 215
Zr-93 Total Absorpdon Total 216
Nb-93 Elastic Scattering Total 217
Nb-93 Elastic Scattering I.OE-4 to 0.00 1 MeV 218
Nb-93 Elastic Scattering 0.001 to 0.01 MeV 219
Nb-93 Total Absorption Total 220
Nb-93 Total Artion I.OE-S to .OE-4 MeV 221
Nb-93 Total Absortion I.OE-4 to 0.001 MeV 222
Nb-93 Total Absorption 0.001 to 0.01 MeV 223

. Nb-93 Total Absorption 0.01 to 1.0 MeV 224
Mo (natural) Elastic Scattering Total 225
Mo (natual) Elastic Scattering l.OE-S to 0.01 MeV 226
Mo (natural) Total Absorption Total 227
Mo (natural) -Total Absorption l.OE-5 to 0.002 MeV 228

Mo-95 Elastic Scattering Total 229
Mo-95 Total Absorption Total 230
Tc-99 . . ElasticScattering Total 231
Tc-99 Total Absorption Total 232
Ru-101 Elastic Scattering Total 233
Ru-101 Total Absorption I Total 234
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

Ru-103 Elastic Scattering Total 235
Ru-103 Total Absorption Total 236
Rh-103 Elastc Scattering Total 237
Rh-103 Total Absorption Total 238
Rh-lOS Elastic Scattering Total 239
Rh-lOS Total Absorption Total 240
Pd-lOS Elastic Scattering Total 241
Pd-105 Total Absorpion Total 242
Pd-108 Elastic Scattering Total 243
Pd-108 Total Absorption Total 244

Ag Isotopic Cross Sections
in Natural Composition & Elastic Scattering Total 245
Natural Ag Cross Sections
Ag Isotopic Cross Sections
nNatural Composition & Elastic Scattering l.OE-6 to l.OE-5 MeV 246

Natural Ag Cross Sections _
Ag Isotopic Cross Sections
in Natural Composition & Elastic Scattering 1.OE-S to I.OE-4 MeV 247
Natural Ag Cross Sections
Ag Isotopic Cross Sections
I Natural Composition & Elastic Scattering 1.OE-4 to 0.001 MeV 248
Natural Ag Cross Sections .
Ag Isotopic Cross Sections
In Natural Composition & Elastic Scattering 0.001 to 0.01 MeV 249
Natural Ag Cross Sections
Ag Isotopic Cross Sections
in Natural Composition & Total Absorption Total 250
Naal Ag Cross Sections
Ag Isotopic Cross Sections
in Natural Composition & Total Absorption L.OE-5 to I.OE-4 MeV 251
Natural Ag Cross Sections
Ag Isotopic Cross Sections
in Natural Composition & Total Absorption L.OE-4 to 0.001 MeV 252
Natural Ag Cross Sections .
Ag Isotopic Cross Sections
in Natural Composition & Total Absorption 0.001 to 0.01 MeV 253
Natural Ag Cross Sections

Ag:-107 Elastic Scattering Total 254
Ag-107 Elastic Scattering 1.OE-5 to 1.OE-4 MeV 255
Ag-107 Elastic Scattering l.OE-4 to 0.001 MeV 256
Ag-107 Elastic Scattering 0.001 to 0.01 MeV 257
Ag-107 Total on Total 258
Ag- Total Absorption I.OE-S to l.OE-4 MeV 259
Ag-lO Total Absorption I.OE-4 to 0.00I MeV 260
Ag-107 . Total Absorption 0.001 to 0.01 MeV 261
Ag-109 Elastic Scattering Total 262

*Ag-109 Elastic saering I.OE-5 to l.OE-4 MeV 263
Ag-109 Elastic Scattering 1.OE-4 to 0.001 MeV 264
Ag-109 Elastic Scattring 0.001 to 0.01 MeV 265
Ag-109 Total Absorption Total. . 266
Ag-109 Total Absorpton 1.OE-S to 1.OE-4 MeV 267
Ag-109 Total Absorption l.OE-4 to 0.001 MeV 268
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

Ag-109 Total Absorption 0.001 to 0.01 MeV 269
Cd (natural) Elastic Scattering Total 270
Cd (natural) Elastic Scattering 3.0E-5 to 0.002 MeV 271
Cd (natural) . Total Absorption Total 272
Cd (natural) Absorption 1.OE-5 to L.OE-4 MeV 273
Cd (natural) A bso rptio 1o.OE-4 to 0.002 MeV 274
In (natural) Elastic Scattering Total 275
In (natural) Total Absorption Total 276
Sn (natural) Elastic Scattering Total 277.
Sn (natural) Total Absorption Total 278

1-127 Elastic Scattering Total 281
1-127 Elastic Scattering L.OE-5 to 1.OE-4 MeV 282
1-127 Elastic Scattering 1.OE-4 to 0.002 MeV 283
1-127 Total Absorption Total 284
1-127 Total Absorption 1.OE-5 to 1.0E-4 MeV 285
1-127 Total Absotlon L.OE-4 to 0.002 MeV 286
1-129 Elastic Scattering Total 287
1-129 Total Absorption Total 288
1-135 Elastic Scattering Total 289
1-135 Total Absorption Total 290

Xe (natural) Elastic Scattering Total 291
Xe (natual) Total Absorption Total 292

Xe-131 Elastic Scattering Total _293

Xe-131 Total Absorption Total 294
Xe-134 Elastic Scattering Total 295
Xe-134 Total Absrption Total 296
Xe-135 ElsicScattering Total 297
Xe-135 Total Absorption Total * 298
Cs-133 Elastic Scattering Total 299
Cs-133 Elastic Scattering 1.OE-S to 2.OE-4 MeV 300
Cs-133 Elastic Scattering 2.OE-4 to 0.003 MeV 301
Cs-133 Total Absorption Total _302-

Cs-133 Total Absorption 2.OE-6 to 1.OE-4 MeV 303
Cs-133 Total Absorption 1.OE-4 to 0.004 MeV 304
Cs-134 Elastic Scattering Total 305
Cs-134 Total Absorption Total 306
Cs-135 Elastic Scatering Total 307
Cs-135 Total btion . Total 308
Cs-136 Elastic Scattering Total 309
Cs-136 Total Absorption ._Total 310
Cs-137 Elastic Scattering Total 311
Cs-137 Total Absorption Total 312
Ba-138 Elastic Scattering Total 313
Ba-138 Elastic Scattering 0.003 to 2.0 MeV 314
Ba-138 . Total Absorption Total 315
Pr-141 Elastic Scattering Total 316
Pr-141 Total Absorption Total 317
Nd-143 Elastic Scattering Total 318
Nd-143 Total Absorption Total 319
Nd-14- Elastic Scattering Total 320
Nd-145 Total Absorption Total 321
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index %
Element or Isotope Neutron Reaction Energy Range Plot Number'

Nd-147 Elastic Scattering Total 322.
Nd-147 Total Absorption Total 323
Nd-148 Elastic Scattering Total 324
Nd-148 Total Absorption Total 325
Pm-147 Elastic Scattering Total 326
Pm-147 Total Absorption Total 327
Pm-148 Elastic Scattering Total 328
Pm-148 Total Absorption Total 329
Pm-149 Elastic Scattering Total 330
Pm-149 Total Absorption Total 331
Sm-147 Elastic Scattering Total 332
Sm-147 Total Absorption Total 333
Sm-149 Elastic Scattering Total 334
Sm-149 Total Absorption Total 335
Sm-lSO ElasticScattering Total 336
Sm-lSO Total Absorption Total .337
Sm-Sl1 Elastic Scsering Total 338
Sm-151 Total Absorption Total 339
Sm-152 Elastic Scattering Total 340
Sm-152 Total Absorption Total 341

Eu Isotopic Cross Sections
in Natural Composition & Elastic Scattering Total 342
Natural Eu Cross Sections
Eu Isotopic Cross Sections
in Natural Composition Elastic Scattering 1.OE-6 to .OE-S MeV 343
Natural Eu Cross Sections
Eu Isotopic Cross Sections
in Natural Composition & Elastic Scattering l.OE-S to .OE-4 MeV 344
Natural Eu Cross Sections
Eu Isotopic Cross Sections
In Natural Composition & Total Absorption Total 345
Natural Eu Cross Sections
Eu Isotopic Cross Sections
in Natural Composition Total Absorption 1.OE-6 to l.OE-5 MeV 346
Natural Eu Cross Sections
Eu Isotopic Cross Sections
inNatural Composition & Total Absorption I.OE-S to 2.OE-4 MeV 347
Natural Eu Cross Sections .

Eu-151 Elastic Scattering Total 348
. Eu-lSl Elastic Scattering l.OE-6 to 3.OE-5 MeV 349

Eu-151 Elastic Scattering 3.OE-5 to 2.OE4 MeV 350
Eu-l51 Total Absorption . Total 351
Eu-lSl Total Absorption l.OE-6 to 3.OE-S MeV 352
Eu-151 Total Absorption 3.OE-5 to 2.OE-4 MeV 353
Eu-1S2 Elastic Scattering Total 354
Eu-152 Total Absorption Total 355
Eu-153 Elastic Scattering Total 356
Eu-153 Elastic Scattering I.OE-6 to 2.OE-S MeV 357
Eu-I53 Elastic Scattering 2.OE-5 to 2.OE-4 MeV 358
Eu-153 Total AbsoRption Total 359
Eu-1S3 Total Absorption L.OE-6 to 2.OE-5 MeV 360
Eu-153 Total Absorpton 2.OE-5 to 2.OE-4 MeV 361
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

Eu-154 Elastic Scattering Total 362
- Eu-154 Total Absorption Total 363

Eu-lSS Elastic Scattering Total 364
Eu-lS5 Total Absorption Total 365

Gd Isotopic Cross Sections
in Natural Composition & Elastic Scattering Total 366
Natural Gd Cross Sections
Gd Isotopic Cross Sections
in Natural Composition & Elastic Scattering I.OE-6 to l.OE-S MeV 367
Natural Gd Cross Sections
Gd Isotopic Cross Sections
i Natural Composition & Elastic Scattering l.OE-5 to LOE-4 MeV 368
Natural Gd Cross Sections
Gd Isotopic Cross Sections
in Natural Composition & Elastic Scattering I .OE-4 to 0.001 MeV 369
Natural Gd Cross Sections . .
Gd Isotopic Cross Sections
in Natural Composition & Elastic Scattering 0.001 to 0.02 MeV 370
Natural Gd Cross Sections
Gd Isotopic Cross Sections
in Natural Composition & Total Absorption Total 371
Natural Gd Cross Sections
Gd Isotopic Cross Sections
in Natural Composition & Total Absorption l.OE-6 to L.OE-5 MeV 372
Natural Gd Cross Sections
Gd Isotopic Cross Sections
in Natural Composition & Total Absorption I.OE-5 to l.OE-4 MeV 373
Natural Gd Cross Sections
Gd Isotopic Cross Sections
in Natural Composition & Total Absorption 1.OE-4 to 0.001 MeV 374
Natural Gd Cross Sections
Gd Isotopic Cross Sections
ln Natural Composition & Total Absorption 0.001 to 0.02 MeV 375
Natural Gd Cross Sections

Gd-1S2 Elastic Scag Total 376
Gd-152 Elastic Scattering 2.OE-6 to 3.0E-4 MeV 377
Gd-152 Total Absorption Total 378
Gd-152 Total Absorption 2.OE-6 to 3.OE-4 MeV 379
Gd-154 Elastic Scattering Total 380
Gd-1S4 Elastic Scattering l.OE-S to 0.002 MeV 381
Gd-154 Total Absorption Total 382
Gd-154 Total Absorption 1.OE-S to L.OE4 MeV 383
Gd-54 Total Absorption I.OE4 to 0.002 MeV 384
Gd-155 Elastic Scattering Total 385
Gd-lSS Elastic Scattering I.OE-6 to 3.OE-S MeV 386
Gd-155 Elastic Scattering 3.OE-S to 2.0E-4 MeV 387
Gd-155 Total Absorption . Total 388
Gd-155 Total Absorption I.OE-6 to 2.OE-S MeV 389
Gd-ISS Total Absorption 2.0E-S to 3.0E-4 MeV 390
Gd-156 Elastic Scattering Total 391
Gd-156 Elastic Scattering 2.OE-S to 0.002 MeV 392
Gd-156 Total Absorption Total 393
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

Gd-156 Total Absorption 2.0E-5 to 0.002 MeV 394
Gd-157 Elastic Scattering Total 395
Gd-157 Elastic Scatteng 2.OE-5 to 8.OE-4 MeV 396
Gd-157 Total Absorption Total 397
Gd-157 Total Absorption I.OE-5 to 4.OE-4 MeV 398
Gd-158 Elastic Scattering Total 399
Gd-lS8 Elastic Scattering 2.OE-4 to 0.02 MeV 400
Gd-158 Total Absorption Total 401
Gd-158 Total Absorption 2.OE-4 to 0.004 MeV 402
Gd-IS8 Total Absorption 0.004 to 0.02 MeV 403
Gd-160 Elastic Scattering Total 404
Gd-160 Elastic Scattering 2.OE-4 to 0.02 MeV 405
Gd-160 Tota bsorption Total 406
Gd-160 Total Absorption 2.OE-4 to 0.002 MeV 407
Gd-160 Total Absorption 0.002 to 0.02 MeV 408
Ho-165 . Elastic Scatterng Total 409
Ho-165 Elastic Scattering 2.OE-6 to l.OE-4 MeV 410
Ho-165 Elastic Scattering I .OE-4 to 0.002 MeV 411
Ho-165 Total Absorption Total 412
Ho-165 Total Absorption 1.OE-6 to l.OE-4 MeV 413
Ho-165 Total Absorption l.OE-4 to 0.002 MeV 414
Tm-169 Elastic Sca--ering Total 415
Tm-169 Total Absorption Total 416

Hf (oatural) Elastic Scattering Total 417
Hf (natural) Elastic Scattering l.OE-6 to 1.OE-4 MeV 418
Hf (natural) Elastic Scattering I.OE-4 to 0.001 MeV 419
Hf (natural) Elastic Scattering 0.001 to 0.02 MeV 420
Hf (natural) Total Absorption Total * 421
Hf (natural) Total Absorption I.OE-5 to 3.OE-4 MeV 422
Hf (natural) Total Absoron 3.0E-4 to 0.003 MeV 423
Hf (natural) Total Absorpton 0.003 to 0.02 MeV 424

Ta-181 Elastic Scattering Total 425
Ta-181 Elastic Scattering 2.OE-6 to .OE-4 MeV 426
Ta-181 Elsic ScatterIng . OE-4 to 0.004 MeV 427
Ta-181 Total Absorption Total . 428
Ta-181 Total Absorption 2.OE-6 to 2.OE-4 MeV 429
Ta-181 Total Absorption 2.OE-4 to 5.OE-4 MeV 430
Ta-182 Elastic Scattering Total 431
Ta-182 Total Absorption Total 432

W Isotopic Cross Sections
in Natural Composition & Elastic Scalterng Total 433
Natural W Cross Sections
W Isotopic Cross Sections
in Natural Composition & Elastic Scattering I.OE-6 to 2.OE-4 MeV 434
Natural W Cross Sections
W Isotopic Cross Sections
in Natal Composition & Elastic Scattering 2.OE-4 to 0.001 MeV 435
Natural W Cross Sections. :
W Isotopic Cross Sections
in Natural Composition & Elastic Scattering 0.001 to 0.008 MeV 436
Natural W Cross Sections

Q
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Table 5-10. MCNP Contiuiuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

W Isotopic Cross Sections
in Natural Composition & Total Absorption Total 437
Natural W Cross Sections .
W Isotopic Cross Sections
InNatural Composition & Total Absorption 1.OE-6 to 3.OE-4 MeV 438
Natural W Cross Sections
W Isotopic Cross Sections
in Natural Composition & Total Absorption 3.OE-4 to 0.001 MeV 439
Natural W Cross Sections
W Isotopic Cross Sections
in Natural Composition & Total Absorption 0.001 to 0.01 MeV 440
Natural W Cross Sections

W-182 Elastic Scattering Total 441
W-182 Elastic Scattering 2.OE-4 to 0.004 MeV 442
W-182 Total Absorption Total 443
W-182 Total Absorption 2.OE-4 to 0.001 MeV 444
W-182 Total Absorption 0.001 to 0.08 MeV 445
W-183 Elastic Scattering Total 446
W-183 Elastic Scattenng I.OE-5 to 0.002 MeV 447
W-183 Total Absorption Total 448
W-183 Total Absorption I.OE-4 to 0.002 MeV 449
W-184 Elastic Scattering Total 450
W-184 Elastic Scattering I.OE-4 to 0.003 MeV 451
W-184 Total Absorption Total 452
W-184 Total Absorpion I.OE-4 to 0.003 MeV 453
W-186 Elastic Scattering Total 454
W-186 Elastic Scattering I.OE-4 to 0.005 MeV 455
W-186 Total Absorption Total 456
W-186 Total Absorption I.OE-4 to 0.008 MeV 457
Re-1S5 Elastic Scattering Total 458
Re-185 Elastic Scattering I .OE-6 to l .OE-4 MeV 459
Re-185 . Elastic Scattering I.OE-4 to 0.003 MeV 460
Re-18S Total Absorption Total 461
Re-185 Total Absorption 1.OE-6 to l.OE-4 MeV 462
Re-185 Total Absorption .OE-4 to 0.003 MeV 463
Re-187 Elastic Scattering Total 464
Re-17 Elastic Scattering ..OE-6to1.OE4 MeV 465
Re-187 Elastic Scattering I.OE-4 to 0.003 MeV 466
Re-187 Total Absorton Total 467
Re-187 Total Absorption I.OE-6 to .OE-4 MeV 468
Re-17 * Total Absorption I.OE-4 to 0.003 MeV 469

Ir (natural) Elastic Scattering Total 470
Ir (natural) Total Absorption Total 471
Pt (natural) Elastic Scattering Total 472
Pt (natural) Total Absorption Total 473

Au-197 Elastic Scattering Total 474
Au-197 Elastic Scattering 3.OE-6 to 2.0E-4 MeV 475
Au-197 Elastic Scattering 2.OE-4 to 0.002 MeV 476
Au-197 Elastic Scattering 0.002 to 0.01 MeV 477
Au-197 Total Absorption Total 478
Au-197 Total Absorption 1.OE-6 to 0.001 MeV 479
Au-197 Total Absorption 0.001 to 0.006 MeV 480
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

Pb Isotopic Cross Sections
inNatural Composition & Elastic Scattering Total 481
Natural Pb Cross Sections
Pb Isotopic Cross Sections
in Natural Composition & Elastic Scattering 0.001 to 0.1 MeV 482
Natural Pb Cross Sections
Pb Isotopic Cross Sections
in Natural Composition & Elastic Scattering 0.1 to 1.0 MeV 483
Natural Pb Cross Sections . .
Pb Isotopic Cross Sections
in Natural Composition & Elastic Scattering 1.0 to 10.0 MeV 484
Natural Pb Cross Sections
Pb Isotopic Cross Sections
inNatural Composition & Total Absorption Total 485
Natural Pb Cross Sections
Pb Isotopic Cross Sections
in Natural Composition & Total Absorption 0.001 to 0.1 MeV 486
Natural Pb Cross Sections
Pb Isotopic Cross Sections
in Natural Composition & Total Absorption 0.1 to 1.0 MeV 487
Natural Pb Cross Sections

Pb-206 Elastic Scattering Total 488
Pb-206 Total Absorption Total 489
Pb-207 Elastic Scattering Total 490
Pb-207 Total Absorption Total 491
Pb-208 Elastic Scattering Total 492
Pb-208 Total Absorption Total 493
Bi-209 Elastic Scattering Total 494
Bi-209 Elastic Scattering 7.0E-4 to 0.1 MeV 495
Bi-209 Elastic Scattering 0.1 to 2.0 MeV 496
Bi-209 . Total Absorption Total 497
Bi-209 Total Absorption 7.0E-4 to 0.02 MeV 498
Bi-209 Total Absorption 0.02 to 0.2 MeV 499
Tb-230 Elastic Scattering Total 500
Th-230 Total Absorption Total 501
Th-230 Total Fission Total 672
Th-231 Elastic Scattering Total 502
Th-231 Total Absorption Total 503
Th-231 Total Fission Total 673
Th-232 Elastic Scattering Total 504
Th-232 Elastic Scattering 1.OE-S to 1.OE-4 MeV 505
Th-232 Elastic Scattering L.OE-4 to 0.00I MeV 506
Th-232 Elastic Scattering 0.001 to O.OOS MeV 507
Th-232 Total Absorption Total 508
Th-232 Total Absorption 1.OE-5 to 3.0E-4 MeV 509
Th-232 Total Absoption * 3.0E-4 to 0.001 MeV 510
Th-232 TotalAbsorption. 0. .OOl to O.OOS MeV 511
Tb-232 Total Fission Total 674
lb-233 Elastic Scattering Total 512
Th-233 Total Absorption Total 513
Th-233 Total Fission Total 675
Pa-231 Elastic Scattering Total 514
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number

Pa-231 Total Absorption Total 515
Pa-231 Total Fission Total 676
Pa-233 Elastic Scattering Total 516
Pa-233 Elastic Scattering I.OE-6 to 6.0E-5 MeV 517
Pa-233 Total Abso ption Total 518
Pa-233 Total Absorption I.OE-6 to 8.OE-5 MeV 519
Pa-233 Total Fission Total 677
U-232 Elastic Scattering Total 520
U-232 Total Absorption Total 521
U-232 Total Fission Total 678
U-233 Elastic Scattering Total 522
U-233 Elastic Scattering I.OE-6 to .OE-4 MeV 523
U-233 Total Absorption Total 524
U-233 Total A s tion I.OE-6 to l.OE-5 MeV 525
U-233 Total A sorption I.OE-S to .OE-4 MeV 526
U-233 Total Fission Total 679
U-233 Total Fission 1.OE-6 to l.0E-4 MeV 680
U-234 Elastic Scattering Total 527
U-234 Elastic Scattering I.OE-6 to .OE-5 MeV 528
U-234 Elastic Scattering l.OE-5 to l.OE-4 MeV 529
U-234 Elastic Scatering I.OE-4 to 0.001 MeV 530
U-234 Elastic Scattering 0.001 to 0.01 MeV 531
U-234 Total Absorption Total 532
U-234 Total Absorption I.OE-5 to 3.OE-4 MeV 533
U-234 Total Absorption 3.OE-4 to 0.002 MeV 534
U-234 Total Fission Total 681
U-234 Total Fission 1.OE-5 to 0.002 MeV 682
U-235 Elastic Scattering Total 535
U-235 Elastic Scattering 1.OE-6 to .OE-5 MeV 536
U-235 Elastic Scattering I.OE-S to 1.OE-4 MeV 537
U-235 Elastic Scattering l.OE-4 to 7.OE-4 MeV 538
U-235 Elastic Scattering 7.0E-4 to 0.003 MeV 539
U-235 Total Absorption Total 540
U-235 Total Absorption I.OE-6 to 4.OE-5 MeV 541
U-235 Total Absorption 4.0E-5 to 4.OE-4 MeV 542
U-235 Total Absorption 4.OE-4 to 0.001 MeV 543
U-235 Total Absorption 0.001 to 0.003 MeV 544
U-235 * . Total Fission Total 683
U-235 Total Fission 1.OE-6 to .O-5 MeV 684
U-235 Total Fission . I .OE-S to l.OE-4 MeV 685
U-235 Total Fission 1.OE-4 to 0.003 MeV 686
U-236 Elastic Scattering Total 545
U-236 Elastic Scatering 1.0-6 to'3.0E14 MeV 546
U-236 . Elastic Scattering 3.0E-4 to 0.002 MeV 547
U-236 Total Absorption Total 548
U-236 . Total Absorption I.OE-6 to 3.0E-4 MeV 549
U-236 Total Absorption 3.0E-4 to 0.005 MeV 550
U-236 Total Fission - Total 687
U-236 Total Fission 3.0E-S to 4.0E-4 MeV 688
U-236 Total Fission 4.OE-4 to 0.002 MeV 689
U-236 Total Fission 0.002 to 0.005 MeV 690

BOOOO00 01717-5705-00099 REV 00 46 June 30, 1998



Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

U-237 Elastic Scattering Total 551
U-237 Elastic Scattering 9.0E-6 to 2.OE-4 MeV 552
U-237 Total As on Total 553
U-237 Total Absorption 4.OE-6 to 2.OE-4 MeV 554
U-237 Total Fission Total 691
U-237 Total Fission 9.OE-6 to 2.OE-4 MeV 692
U-238 Elastic Scattering' Total 555
U-238 Elastic Scattering' .OE-6 to .OE-4 MeV 556
U-238 Elastic Scattering' I.OE-4 to 0.00I MeV 557
U-238 . Elastic Scattering' 0.001 to 0.005 MeV 558
U-238 Elastic Scattering' 0.005 to 0.02 MeV 559
U-238 Total Absorption' Total 560
U-238 Total Absorption' 7.OE-6to .OE-4 MeV 561
U-238 Total Absorption' 1 .OE-4 to 0.00I MeV 562
U-238 Total Absm-oo 0.00.1 to 0.005 MeV 563
U-238 Total Absorption' 0.005 to 0.02 MeV 564
U-238 Total Fission' Total 693
U-238 Total Fission' 7.OE-6 to 0.001 MeV 694
U-238 Total Fission' 0.001 to 03 MeV 695
U-239 Elastic Scattering Total 565
U-239 Total Absorption Total 566
U-239 Total Fission Total 696
U-240 Elastic Scattering Total 567
U-240 Total Absorption Total 568
U-240 Total Fission Total 697

Np-235 Elastic Scttring Total 569
Np-23S Total Absorption Total 570
Np-235 Total Fission Total 698
Np-236 * Elastic Scattering Total 571
NDF236 Total Absorption Total 572
Np-236 Total Fission Total 699
Np-237 Elastic Scattering Total 573
Np-237 Elastic Scattering 2.OE-6 to .OE-5 MeV 574
Np-237 Elastic Scattering I.OE-5 to 2.OE-4 MeV 575
Np-237 Total Absotption Total 576
Np-237 Tota A tion 2.OE-6 to l.OE-5 MeV 577
Np-237 Total Absorption I.OE-5 to 2.OE-4 MeV 578
Np-237 Total Fission Total . 700
Np-237 Total Fission I.OE-7 to l.OE-5 MeV 701
.Np-237 Total Fission I.OE-5 to .OE-4 MeV 702
Np-237. Total Fission l.OE-4 to 0.001 MeV 703
Np-237 Total Fission 0.001 to 0.008 MeV 704
Np-238 . ElsiUScattering Total 579
Np-238 Total Absorption Total 580
Np-238 Total Fission Total 705
Np-239 Elastic Scatteing Total 581
Np-239 Total Absorption Total 582
Np-239 Total Fission Total 706
Pu-236 Elastic Scattering Total 583
Pu-236 Total Absorpdon Total 584
Pu-236 Total Fission Total 707
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Lsotope Neutron Reaction Energy Range Plot Number'

Pu-237 Elastic Scattering Total 585
Pu-237 Total Absorption Total 586
Pu-237 Total Fssion Total 708
Pu-238 Elastic Scattering Total 587
Pu-238 Elastic Scattering 3.OE-6 to 1.OE-4 MeV 588
Pu-238 Elastic Scattering 7 .OE-4 to 3.0E-4 MeV 589
Pu-238 Total Absorption Total 590
Pu-238 Total Absorption 1.0E-6 to .OE-4 MeV 591
Pu-238 Total Absorption 1 .OE-4 to 4.OE-4 MeV 592
Pu-238 Total Fission Total 709
Pu-238 Total Fission 1.OE-6to l.OE-4 MeV 710
Pu-238 Total Fission rlOE-4 to 4.0E-4 MeV 711
Pu-239 Elastic S eig Total 593
Pu-239 Elastic Scattering 7.OE-6 to 1.OE-4 MeV 594
Pu-239 Elastic Scattering I.OE-4 to 0.001 MeV 595
Pu-239 Elastic Scattering 0.001 to 0.004 MeV 596
Pu-239 Total Absorption Total 597
Pu-239 Total Absortion 5.0E-6 to l.OE-4 MeV 598
Pu-239 Total Absorption I.OE-4 to 0.001 MeV 599
Pu-239 Total At dtion 0.001 to 0.004 MeV 600
Pu-239 To ission Total . 712
Pu-239 . Total Fission I.OE-S to l.OE-4 MeV 713
Pu-239 Total Fission 1.OE-4 to 0.00 1 MeV 714
Pu-239 Total Fission 0.001 to 0.004 MeV 715
Pu-240 Elastic Scattering Total 601
Pu-240 Elastic Scatteng I.OE-5 to 0.001 MeV 602
Pu-240 Elastic Scattering 0.001 to 0.01 MeV 603
Pu-240 Total Absorption Total 604
Pu-240 Total Absorption 2.0E-5 to 0.001 MeV 605
Pu-240 Total Absrption 0.001 to 0.01 MeV 606
Pu-240 Total Fission Total 716
Pu-240 Total Fission 2.OE-5 to 0.001 MeV 717
Pu-240 Total Fission 0.001 to 0.007 MeV 718
Pu-241 Elastic Scattering Total 607
Pu-241 Elastic Scattering I .OE-6 to l.OE-4 MeV 608
Pu-241 Elastic Scattering I.OE-4 to 4.OE-4 MeV 609
Pu-241 Total Absorpdon Total 610
Pu-241 Total Absorption I .OE-6 to S.OE-5 MeV 611
Pu-241 Total Asorption 5.OE-5 to 2.0E-4 MeV 612
Pu-241 TotalAbsorption 2.0E-4toO.OOI MeV 613
Pu-241 Total Fission Total 719
Pu-241 Total Fission 3.0E-6 to 3.0E-5 MeV 720
Pu-241 . . Total Fission 3.1E-5 to 6.1o-4 MeV 721
Pu-242 Elastic Scattering Total 614
Pu-242 Elastic Scattering 4.0E-5 to 0.002 MeV 615
Pu-242 Total Absorption Total 616
Pu-242 ; Total Absorption I.OE-S to 3.0E-4 MeV 617
Pu-242 ; TolAbsorpdon 3.0E.4 to 0.002 MeV 618
Pu-242 Total Fission Total 722
Pu-242 Total Fission 2.OE-S to 0.002 MeV 723
Pu-243 Elastic Scattering Total 619
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

Pu-243 Elastic Scattering 1.OE-6 to 2.0E-4 MeV 620
Pu-243 Total Absorption Total 621
Pu-243 Total Absorption L.OE-6 to 2.OE-4 MeV 622
Pu-243 Total Fission Total 724
Pu-243 Total Fission 1.0E-6to2.OE-4MeV 725
Pu-244 Elastic Scattering Total 623
Pu-244 Total Absorption Total 624
Pu-244 * Total Fission Total 726
Am-241 Elastic Scattering Total 625
Am-241 Elastic Scattering l.OE-7 to 1.OE-5 MeV 626
Am-241 Elastic Scattering I.OE-5 to 2.OE-4 McV 627
Am-241 Total Absorption Total 628
Am-241 Total Absorption L.OE-7 to 1.OE-S MeV 629
Am-241 Total Absorption L.OE-5 to 2.OE.4 MeV 630
Am-241 Total Fission Total 727
Am-241 Total Fission I .OE-7 to L.OE-5 MeV 728
Am-241 Total Fission L.OE-5 to 2.0E-4 MeV 729

Am-242m Elastic Scattering Total 631
Am-242m .Total Absorption Total 632
Am-242m Total Fission Total 730
Am-243 Elastic Scattering Total 633
Am-243 Elastic Scattering I.OE-6 to 3.0E-5 MeV 634
Am-243 Elastic Scattering 3.OE-5 to 3.0E-4 MeV 635
Am-243 Total Absorption Total 636
Am-243 Total Absorption I.OE-6 to 1.OE-S MeV 637
Am-243 Total Absorption I.OE-5 to l.OE-4 MeV 638
Am-243 Total Absorption I .OE-4 to 3.0E-4 MeV 639
Am-243 Total Fission Total 731
Am-243 Total Fission 1.OE-7 to l .OE-5 MeV 732
Am-243 Total Fission I.OE-5 to 3.0E-4 MeV 733
Cm-241 Elastic Scattering Total 640
Cm-241 Total Absorption Total 641
Cm-241 Total Fission Total 734
Cm-242 Elastic Scattering Total 642
Cm-242 Elastic Scattering 5.OE-6 to 8.0E-4 MeV 643
Cm-242 Total Absorption Total 644
Cm-242 Total Absorption I .OE-5 to 4.OE-4 MeV 645
Cm-242 Total Fission Total 735
Cm-243 Elastic Scattering Total 646
Cm-243 Total A ron Total 647
Cm-243 Total Fission Total 736
Cm-243 Total Fission 1 .OE-6 to 2.0E-4 MeV 737
Cm-244 Elastic Scattering Total 648
Cm-244 Elastic Scattering 9.OE-S to 0.001 MeV 649
Cm-244 Total Absorption Total 650
Cm-244 Total Absorption 1.OE-S to 0.001 MeV 651
Cm-244 Total Fission Total 738
Cm-244 Total Fission 3.0E-6 to 9.0E-4 MeV 739
CM-245 Elastic Scatterng Total 652
Cm-245 Total Absorption Total 653
Cm-245 Total Fission Total 740
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

Cm-245 Total Fission I.OE-6 to 2.0E-4 MeV 741
Ctn-246 Elastic Scattering Total 654
Cm-246 Total Absorption Total 655
Cm-246 Total Fission Total 742
Cm-247 Elastic Scattering Total 656
Cm-247 Total Absorption Total 657
Cm-247 Total Fission Total 743
Cm-247 Total Fission 3.OE-6 to 5.OE-5 MeV 744
Cm-247 Total Fission 5.OE-5 to 0.002 MeV 745
Crn-248 Elastic Scattering Total 658
Cm-248 Total Absorption Total 659 .
Cm-248 Total Absorption 4.0E-6 to 0.004 MeV 660
Cm-248 Total Fission Total 746
Cm-248 Total Fission 2.0E-6 to 2.OE-4 MeY 747
Cm-248 Total Fission 2.0E-4 to 0.003 MeV 748
Bk-249 Elastic Scattering Total 661
Bk-249 Total Absorption Total 662
Bk-249 Total Fission Total 749
Cf-249 Elastic Scattering Total 663
Cf-249 Total Absorption Total 664
Cf-249 Total Fission Total 750
Cf-249 Total Fission 2.OE-6 to 4.OE-5 MeV 751
Cf-249 Total Fission 4.0E-5 to 3.OE-4 MeV 752
Cf-249 Total Fission 3.OE-4 to 0.003 MeV 753
Cf-250 Elastic Scattering Total 665
Cf-250 Total Absorption Total 666
Cf-250 Total Fission Total 754
Cf-251 Elastic Scattering Total 667
Cf-251 Total Absorption Total 668
Cf-25I Total Fission Total 755
Cf-252 Elastic Scattering Total 669
Cf-252 Total Absorption Total 670
Cf-252 Total Absorption 1 .OE-5 to 0.001 MeV 671
Cf-252 Total Fission Total 756
Cf-252 Total Fission 1.OE-5 to 4.0E-4 MeV 757

| The plot number refers to the # in the corresponding cross section plot filenames ("p#.gif') as
contained on Attachment I (CD-ROM).
2 he MCNP cross section library identified as 92238.21c was not included in the various plots
for U-238 due to a limitation in the number of cross section representations that may be shown
on a single plot and still maintain unique line styles and colors.
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6. Selected MCNP Cross Section Libraries

Table 6.1 presents the cross section libraries that have been selected for use in the criticality
benchmark and design calculations of the WPDD. The selection of the specific libraries
presented in Table 6.1 does not infer that these libraries are more correct than the other available
libraries. Rather, the selection of the specific libraries presented in Table 6.1 establishes a set that
will assist in ensuring consistent cross section library utilization throughout the criticality
benchmark and design calculations of the WPDD.

As previously stated in Section 3, the following criteria were used to select the continuous-
energy cross section libraries, as shown in Table 6.1, for use with MCNP:

* ENDF/B-V based cross section libraries'were selected for use when available with the
exceptions of H-2, B-il , Zr (natural), Ag-I 07, Ag-I 09, Eu-I51, and Eu-I 53

* either ENDF/B-VI, T-2, or LLNL based cross section libraries were selected for use when
ENDF/B-V based libraries were not available or selected

* parameters compared when selecting between ENDF/B-VI, T-2, or LLNL based cross
section libraries included the following: number of energy points included in the main energy
grid, date of cross section library processing, and availability of certain data.

The selected non-ENDFIB-V based cross section libraries are presented in Table 6.2. The
following discussion provides a description of how the above criteria were used to select the
non-ENDFIB-V based cross section libraries.

Fifty-five out of the seventy-nine non-ENDFIB-V based cross section libraries were selected
because they were the only available cross section libraries distributed to the WPDD for the
various elements and isotopes. The elements and isotopes to which this applies include the
following: Be-7, C-13, 0-17, S (natural), Ca-40, Sc-45, Cr-50, Cr-52, Cr-53, Cr-54, Fe-54, Fe-
56, Fe-57, Fe-58, Ni-60, Ni-61, Ni-62, Ni-64, Cu-63, Cu-65, As-74, Br-79, Br-81, Rb-85, Rb-87,
Y-88, In (natural), Sn (natural), 1-129, Xe (natural), Xe-134, Cs-134, Cs-136, Cs-137, Tm-169,
Ta-182, Ir (natural), Pt (natural), Pb-206, Pb-207, Pb-208, Th-230, Th-231, Th-233, Pa-231, U-
232, U-239, U-240, Np-235, Np-236, Np-238, Np-239, Pu-236, Pi-244, Cm-241.

Non-ENDF/B-V based cross section libraries were selected for seven elements and isotopes for
which ENDFAB-V cross section libraries were available. These elements and isotopes include the
following: H-2, B-l, Zr (natural), Ag-107, Ag-109, Eu-151, and Eu-I53.

For H-2, there are no significant differences between the neutron scattering cross section of the
selected cross section library (1002.55c) and the ENDFIB-V based cross section library
(1002.50c). There are also no significant differences between the total neutron absorption cross
section of the selected cross section library and the ENDF/B-V based cross section library. At
neutron energies below 3.0E-10 MeV, the selected cross section library shows a maximum total
neutron absorption cross section difference of 0.001 barns with respect to the ENDF/B-V based
cross section library.
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For B-1l, there are some differences in the resonance region between the selected cross section
library (5011.56c) and the ENDF/B-V based cross section library (5011.55c). There are no
significant differences between the total neutron absorption cross section of the selected cross
section library and the ENDFIB-V based cross section library. The 5011.56c cross section library
was processed more recently than 5011.55c. The 5011.56c cross section library has more than
two times the number of energy points on the main energy grid than 501 1.55c.

For Zr (natural), the ENDF/B-VI based cross section library (40000.60c) is selected because it
contains corrections for a problem that is present in the previously released ENDF/B-V based
cross section library. The corrected problem is that the ENDF/B-V based cross section library
provides a secondary neutron energy greater than the incident neutron energy. for some scattering
interactions.

For Ag-107, the ENDF/B-VI based cross section library (47107.60c) is selected over the
ENDFIB-V based cross section library (47107.50c) because it contains more detail in the
resonance region of both the neutron elastic scattering and total neutron absorption cross
sections. In the neutron elastic scattering cross section, the increased detail is primarily between
energies of 2.0E-5 MeV and 0.003 MeV. In the total neutron absorption cross section, the
increased detail is primarily between the energies of 2.0E-5 MeV and 0.003 MeV. Also, the
ENDF/B-VI based cross section library contains more than six times the number of energy points
on the main energy grid than the ENDFIB-V based cross section library.

For Ag-I 09, the ENDF/B-VI based cross section library (47109.60c) is selected over the
ENDFIB-V based cross section library (47109.50c) because it contains more detail in the
resonance region of both the neutron elastic scattering and total neutron absorption cross
sections. In the neutron elastic scattering cross section, the increased detail is primarily between
energies of 2.0E-4 MeV and 0.003 MeV. In the total neutron absorption cross section, the
increased detail is primarily between the energies of 8.OE-4 MeV and 0.003 MeV. Also, the
ENDF/B-VI based cross section library contains more than five times the number of energy
points on the main energy grid than the ENDF/B-V based cross section library.

For Bu-151, there are no significant differences between the neutron scattering cross section of
the selected cross section library (63151.55c) and the ENDF/B-V based cross section library
(63151.50c). The total neutron absorption cross section of the 63151.55c and 63151.50c cross
section libraries are generally the same. The 63151.55c total neutron absorption cross section is a
maximum of 0.2 barns less than 63151.50c between the energies of 0.01 MeV and 3.0 MeV.
Also, the 63151.55c total neutron absorption cross section is a maximum of 0.02 barns greater
than 63151.50c between the energies of 3.0 MeV and 10.0 MeV. The 63151.55c cross section
library was processed more recently than the 63151.50c cross section library.

For Eu-I 53, the neutron scattering cross section of the selected cross section library (63153.55c)
and the ENDFIB-V based cross section libiary (63153.50c) are generally the same. The
63153.55c neutron elastic scattering cross section is a maximum of 0.005 barns less than
63153.50c between the energies of 0.001 MeV and 0.2 MeV. The total neutron absorption cross
section of the 63153.55c and 63153.50c cross section libraries are generally the same. The
63153.55c total neutron absorption cross section is a maximum of 0.003 barns less than
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63153.50c between the energies of 0.001 MeV and 2.0 MeV. Also, the 63153.55c total neutron
absorption cross section is a maximum of 0.007 barns greater than 63153.50c between the
energies of 2.0 MeV and 10.0 MeV. The 63153.55c cross section library was processed more
recently than the 63153.50c cross section library.

The remaining elements and isotopes for which non-ENDF/B-V based cross section libraries
were selected include the following: N-15, Ar (natural), Ni-58, 1-127, Ho-165, Pu-237, Pu-243,
Cm-243, Cm-245, Cm-246, Cm-247, Cm-248, Bk-249, Cf-249, Cf-250, Cf-251, Cf-252. There
are no ENDF/B-V based cross section libraries available for these elements and isotopes.
However, there are multiple non-ENDF/B-V based cross section libraries available for each of
these elements and isotopes. The following discussion provides a description of how the
previously identified selection criteria were used to select the various cross section libraries.

For N-1 5, there are two cross section libraries available (7015.55c and 7015.60c). The 7015.55c
cross section library was selected. There are no significant differences between the neutron
scattering cross section of 7015.55c and 7015.60c. There are no significant differences between
the total neutron absorption cross section of 7015.55c and 7015.60c. The 7015.55c cross section
library contains the largest number of energy points on the main energy grid.

For Ar (natural), the selected cross section library (18000.59c) is processed at 294 K rather than
0 K at which the other available cross section library (18000.35c) is processed.

For Ni-58, the selected cross section library (28058.60c) is processed at 294 K rather than 0 K at
which the other available cross section libray (28058.35c) is processed. The 28058.66c neutron
elastic scattering cross section shows much more detail in the resonance region between the
energies of 0.01 MeV and 6.0 MeV than 28058.35c. The 28058.60c total neutron absorption
cross section shows much more detail in the resonance region between the energies of 0.08 MeV
and 0.8 MeV than 28058.35c. The 28058.60c cross section library contains more than three times
the number of energy points on the main energy grid than 28058.35c.

For 1-127, the selected cross section library (53127.60c) is an update of the only other available
cross section library (53127.55c). Also, the 53127.60c cross section library contains photon
production data and the 53127.55c cross section library does not.

For Ho-I 65, the selected cross section library (67165.55c) was selected and used prior to the
receipt of the ENDF/B-VI based cross section library (67165.60c) by WPDD. The other
available cross section library is the LLNL based 67165.35c. The 67165.55c cross section library
is processed at 294 K, and the 67165.35c cross section library is processed at 0 K

For Pu-237, the selected cross section library (94237.35c) was selected and used prior to the
receipt of the ENDF/B-VI based cross section library (94237.60c) by WPDD. Prior to the receipt
of 94237.60c, the only available cross section library was 94237.35c. Additionally, the
94237.35c cross section library containsphoton production data and the 94237.60c cross section
library does not.
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For Pu-243, the selected cross section library (94243.60c) is processed at 294 K rather than 0 K
at which the other available cross section library (94243.35c) is processed. The 94243.60c cross
section library also contains total nu data, and 94243.35c only contains prompt nu data. The
94243.60c cross section library contains more than nine times the number of energy points on the
main energy grid than 94243.35c.

For Cm-243, Cm-245, Cm-246, and Cm-247, the selected cross section libraries (96243.35c,
96245.35c, 96246.35c, and 96247.35c, respectively) were selected and used prior to the receipt
of the ENDF/B-VI based cross section libraries. The 96243.35c, 96245.35c, 96246.35c, and
96247.35c cross section libraries were the only available libraries'for WPDD prior to the receipt
of the ENDF/B-VI based libraries.

For Cm-248, the selected cross section library (96248.60c) is processed at 294 K rather than 0 K
at which the other available cross section library (96248.35c) is processed. The 96248.60c cross
section library contains total nu data, and 96248.35c only contains prompt nu data. The
96248.60c cross section library contains more than six times the number of energy points on the
main energy grid than 96248.35c. Unlike the Cm-243, Cm-245, Cm-246, and Cm-247 isotopes,
the Cm-248 isotope had not been used in a model prior to the receipt of the ENDF/B-VI based
cross section libraries. Therefore, the 96248.60c cross section library could be selected with
minimal impact.

For Bk-249, the selected cross section library (97249.60c) is processed at 294 K rather than 0 K
at which the other available cross section library (97249.35c) is processed. The 97249.60c cross
section library contains both prompt and total nu data, and 97249.35c only contains prompt nu
data. The 97249.60c cross section library contains more than eight times the number of energy
points on the main energy grid than 97249.35c.

For Cf-249, the selected cross section library (98249.60c) is processed at 294 K rather than 0 K
at which the other available cross section library (98249.35c) is processed. The 98249.60c cross
section library contains both prompt and total nu data, and 98249.35c only contains prompt nu
data. The 98249.60c cross section library contains more than one and a half times the number of
energy points on the main energy grid than 98249.35c.

For Cf-250, the selected cross section library (98250.60c) is processed at 294 K rather than 0 K
at which the other available cross section library (98250.35c) is processed. The 98250.60c cross
section library contains total nu data, and 98250.35c only contains prompt nu data. The
98250.60c cross section library contains more than twelve times the number of energy points on
the main energy grid than 98250.35c.

For Cf-25 1, the selected cross section library (98251.60c) is processed at 294 K rather than 0 K
at which the other available cross section library (98251.35c) is processed. The 98251.60c cross
section library contains both prompt and total nu data, and 98251.35c only contains prompt nu
data. The 98251.60c cross section library contains more than eight times the number of energy
points on the main energy grid than 98251.35c.
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For Cf-252, the selected cross section library (98252.60c) is processed at 294 K rather than 0 K
at which the other available cross section library (9825235c) is processed. The 98252.60c cross
section library contains both prompt and total nu data, and 98252.35c only contains prompt nu
data. The 98252.60c cross section library contains more than three times the number of energy
point on the main energy grid than 98252.3Sc.

Table 6-1. Selected Continuous-Energy MCNP Cross Section Libraries
Element Isotope Selected Cross Section Llbrary ZAID

Hydrogen H-1 lOOl.SOc
H-2 1002.SSc
H-3 1003.SOc

Helium He-3 2003.SOc
He-4 2004.SOc

Lithium L-6 3006.SOc
,____________________ Li-7 3007.S c

Beryllium Be-7 4007.35c
. Be-9 4009.SOc

Boron B-10 5OIO.50c
B-10 5010.53c
B-11 5O11.56c

Carbon C (natural) 6000.SOc

C-12 . 6012.SOc
C-13 6013.35c

Nitrogen N-14 7014.SOc
N-1S 7015.SSc

Oxygen 0-16 8016.SOc
0-16 8016.53c
0-16. 8016.54c
0-17 8017.60c

Fluorine F-19 9019.SOc
Sodium Na-23 11023.50c

Magnesium Mg (natural) 12000.50c

Aluminum Al-27 - 13027.50c
Silicon Si (natural) 14000.50c

Phosphorus P-31 15031.50c
Sulfiir S (natural) 16000.60c

S-32 16032.SOc
Chlorine Cl (natural) 17000.SOc
Argon Ar (natural) 18000.59c

Potassium K (natural) 19000.SOC
Calcium Ca (natural) 20000.SOc

Ca-40 20040.21c

Scandium Sc-45 21045.60c

Titanium Ti (natural) 22000.SOc

Vanadium V (natural) 23000.SOc

Chromium Cr-S0 24050.60c
Cr-S2 - 24052.60c
Cr-S3 240S3.60c

;_____ ______ ______ __ _ t Cr-54 24054.60c

Manganese Mn-SS 25055.SOc

Iron Fe-54 26054.60c
Fe-56 26056.60c
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Table 6-1. Selected Continuous-Energy MCNP Cross Section Libraries
Element Isotope Selected Cross Section Library ZAID

Fe-S7 26057.60c
Fe-58 260S8.60c

Cobalt Co-S9 27059.SOc
Nickel Ni-58 28058.60c

Ni-60 28060.60c
Ni-61 28061.60c
Ni-62 28062.60c
Ni-64 28064.60c

Copper Cu-63 29063.60c
Cu-65 29065.60c

Gallium Ga (natural) 31000.50c
Arsenic As-74 33074.35c

As-75 33075.35c
Bromine Br-79 35079.5Sc

Br-81 35081.SSc
Krypton Kr-78 36078.SOc

Kr-80 36080.50c
Kr-82 36082.SOc
Kr-83 36083.50c
Kr-84 36084.SOc
Kr-86 36086.SOc

Rubidium Rb-85 37085.55c
Rb-87 37087.SSc

Yttrium Y-88 39088.35c
Y-89 39089.50c

Zirconium Zr (natural) 40000.60c
Zr-93 40093.50c

Niobium Nb-93 4ID93.50c
Molybdenum Mo (natural) 42000.50c

Mo-95 42095.SOc
Technetium Tc-99 43099.50c
Ruthenium Ru-101 44101.SOc

Ru-103 44103.SOc
Rhodium Rh-103 4S103.S0c

Rh-lOS 45105.SOc
Palladium Pd-lOS 46105.SOc

Pd-108 46108.SOc
Silver Ag-107 47107.60c

Ag-109 47109.60c
Cadmium Cd (natural) 48000.SOc

Indium In (natural) 49000.60c
Tin Sn (natural) 50000.35c

Iodine 1-127 53127.60c
1-129: 53129.60c

.__________________________ 1-135 53135.SOc
Xenon Xe (natual) 54000.3Sc

Xe-131 . 54131.SOc
Xe-134 54134.35c
Xe-135 54135.50c
Xe-135 54135.53c
Xe-135 54135.54c
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Table 6-1. Selected Continuous-Energy MCNP Cross Section Libraries
Element Isotope Selected Cross Section Library ZAID
Cesium Cs-133 55133.SOc

Cs-134 5S134.60c
Cs-135 55135.50c
Cs-136 5S136.60c

_ _ _ _ _ _ _ _ _ _Cs-137 55137.60c
Barium Ba-138 56138.SOc

Praseodymium Pr-141 59141.SOc
Neodymium Nd-143 60143.50c

Nd-145 60145.SOc
Nd-147 60147.50c
Nd-148 60148.SOc

Promethium Pm-147 61147.SOc
Pm-148 61148.50c
Pm-149 61149.SOc

Samarium Sm-147 62147.50c
Sm-149 62149.SOc
Sm-lS0 62150.SOc
Sm-1S1 621S1.SOc
Sm-152 62152.SOc

Europium Eu-1S1 63151.SSc
Eu-152 63152.SOc
Eu-153 63153.SSc
Eu-154 63154.50c
Eu-lSS 63155.50c

Gadolinium Gd-1S2 64152.SOc
Gd-154 64154.SOc
Gd-155 64155.50c
Gd-156 64156.SOc
Gd-lS7 64157.SOc
Gd-158 64158.50c
Gd-160 64160.50c

Holmium Ho-165 67165.55c
Thulium Tm-169 69169.55c
Hafnium. Hf (natual) 72000.SOc
Tantalum .Ta-181 73181.50c

Ta-182 73182.60c
Tungsten W (natural) 74000.SSc

W-182 74182.55c
W-183 74183.5Sc
W-184 74184.SSc
W-186 74186.SSc

Rhenium Re-18S 75185.50c
Re-187 75187.SOc

Iridium Ir (natural) 77000.55c
Platinum Pt (natural) 78000.35c

Gold Au-197 79197.SOc
Lead Pb (naural) 82000.50c

Pb-206. 82206.60c
Pb-207 82207.60c
Pb-208 82208.60c

b±smum I-2U9 53209.5uc
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Table 6-1. Selected Continuous-Energy MCNP Cross Section Libraries
Element Isotope Selected Cross Section LIbrary ZAID
lhorium lh-230 90230.60c

lh-231 9023135c
T-232 90232.SOc
Tb-233 90233.35c

Protactinium Pa-231 91231.60c
Pa-233 91233.SOc

Uranium U-232 92232.60c
U-233 92233.SOc
U-234 92234.50c
U-235 92235.50c
U-235 92235.53c
U-235 92235.54c
U-236 92236.50c
U-237 92237.50c
U-238 92238.SOc
U-238 92238.53c
U-238 92238.54c
U-239 92239.35c
U-240 92240.35c

Neptunium Np-235 93235.35c
- Np-236 93236.35c

Np-237 93237.SOc
Np-238 93238.3Sc
Np-239 93239.60c

Plutonium. Pu-236 94236.60c
Pu-237 94237.35c
Pu-238 94238.SOc
Pu-239 94239.SSc
Pu-240 94240.SOc
Pu-241 94241.50c.
Pu-242 94242.50c
Pu-243 94243.60c
Pu-244 94244.60c

Americium* Am-241 95241.SOc
Am-242 95242.SOc
Am-243 95243.SOc

Curium Cm-241 96241.60c
Cm-242 -- 96242.SOc
Cm-243 96243.35c
Cm-244 96244.SOc
Cm-245 962453Sc
Cm-246 9624635c
Cm-247 962473Sc
Cm-248 96248.60c

Berkelium Bk-249 97249.60c
Californium Cf-249, 98249.60c

Cf-250 98250.60c
Cf-251 98251.60c
Cf-252 98252.60c
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Table 6-2. Selected Non-ENDF/B-V-Based MCNP Cross Section Libraries
Element or Isotope MCNP ZAID Evaluated Data Source

H-2 1002.55c T-2
Be-7 400735c LLNL
B-ll S1.56c T-2
C-13 601335c LLNL
N-1S 7015.55c T-2
0-17 8017.60c B-VI.O

S (natural) 16000.60c B-VI.O
Ar (natural) 18000.59c T-2

Ca-40 2004021c T-2:XTM
Sc-45 21045.60c B-VI2
Cr-SO 24050.60c B-VI.1
Cr-52 24052.60c B-Vl 1
Cr-53 24053.60c B-Vl.l
Cr-54 24054.60c B-VI.1
Fe-54 26054.60c B-VI.I
Fc-56 26056.60c B-VI.1
Fe-57 26057.60c B-Vj.1
Fe-58 26058.60c B-VI.I
Ni-S8 28058.60c B-VI.1
Ni-60 28060.60c B-VI.1
Ni-61 28061.60c B-VI.1
Ni-62 28062.60c B-VI.1
Ni-64 28064.60c B-VI.1
Cu-63 29063.60c B-V12
Cu-65 29065.60c B-V12
As-74 3307435c LLNL
Br-79 35079.55c T-2
Br-81 35081.55c T-2
Rb-S8S 37085.SSc T-2
Rb-87 37087.55c T-2
Y-88 39088,35c LLNL

Zr (natural) 40000.60c B-VI.1
Ag-107 47107.60c B-VI.O
Ag-109 47109.60c B-VI.O

In (natural) 49000.60c B-VI.O
Sn (natural) 5000035c LLNL

1-127 53127.60c T-2
1-129 53129.60c B-VI.O

Xe (natural) 54000.3Sc LLNL
Xe-134 54134.35c LLNL
Cs-134 55134.60c B-VI.O
Cs-136 S5136.60c B-VI.O
Cs-137 55137.60c B-V1.O
Eu-151 63151.SSc . T-2
Eu-153 63153.SSc T-2
Ho-165 67165.55c T-2
Tm-169 69169.SSc T-2
Ta-182 73182.60c B-VI.0

Ir (natral) 77000.SSc T-2
Pt (natural) 78000.35c LLNL

Pb-206 82206.60c B-VI.0
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Table 6-2. Selected Non-ENDFIB-V-Based MCNP Cross Section Libraries
Element or Isotope MCNP ZAID Evaluated Data Source

Pb-207 82207.60c B-VI.l
Pb-208 82208.60c B-VI.0
Tb-230 90230.60c B-VI.0
Ib-231 9023135c LLNL
Th-233 90233.35c LLNL
Pa-231 91231.60c B-VI.0
U-232 92232.60c B-VI.0
U-239 92239.35c LLNL
U-240 92240.3Sc LLNL
Np-235 9323535c LLNL
Np-236 9323635c LLNL
Np-238 9323835c LLNL
Np-239 93239.60c B-VI.O
Pu-236 94236.60c B-VI.0
Pu-237 9423735c LLNL
Pu-243 94243.60c B-VL2
Pu-244 94244.60c B-VI.O
CM-241 96241.60c B-VI,0
Cm-243 96243.35c LLNL
Cm-245 96245.35c LLNL
Cm-246 96246.3Sc LLNL
Cm-247 962473Sc LLNL
Cm-248 96248.60c B-VI.O
Bk-249 97249.60c B-VIXTU
Cf-249 98249.60c B-VLXTM
Cf-250 98250.60c B-V.2
Cf-251 98251.60c B-VI.2
Cf-252 98252.60c B-VI.2

7. Conclusions

This report docurients the selection of continuous-energy cross section libraries to be used with
MCNP in criticality benchmark and design calculations. The various cross section libraries were
selected using the following criteria:

* ENDF/B-V based cross section libraries were selected for use when available with the
exceptions of H-2, B-11, Zr (natural), Ag-i 07, Ag-I 09, Eu-151, and Eu-153

* either ENDF/B-VI, T-2, or LLNL based cross section libraries were selected for use when
ENDF/B-V based libraries were not available or selected

* parameters compared when selecting between ENDF/B-VI, T-2, or LLNL based cross
section libraries included the following: number of energy points included in the main energy
grid, date of cross section library processing, and availability of certain data.

The application of the above criteria in the selection of the various cross section libraries is
presented in Section 6. Table 6.1 presents the cross section libraries selected for use in MCNP
criticality benchmark and design calculations.
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All of the various continuous-energy MCNP cross section libraries available for use by the
WPDD are considered acceptable. However, all MCNP criticality benchmark and design
calculations performed by the WPDD should adhere to the selected set of cross section libraries,
as presented in Table 6.1, to ensure consistency throughout the various benchmarks and design
calculations.

The data reported herein is acceptable for quality affecting activities and for use in analyses
affecting procurement, construction, or fabrication. The classification for the repository (which
includes the waste package) carries TBV-228 because of the preliminary status of the basis for
the Mined Geologic Repository design. This report conservatively assumes that the resolution of
TBV-228 will find the waste package to be quality affecting; consequently, use of any of the data
reported herein does not need to carry TBV-228.
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