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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. Ihis report contains comparative graphical representations of the various
continuous-energy cross section hiaries available for each element or isotope. I the contexd 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-transportbased calculations. Cross section hldraries must be
assigned to each element or istope defining a material composition in an MCNP ifput deck.
Multiple continuous-energy cross section hiaries are available for use with many elements and
isotopes. A specified set of continuous-eergy cross section hiaries must be established to
ensure consistency throughout the various criticality benchmark and design calculations.

1.2. ObjectivY

The objective of tie 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 Alysis 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 CivAian Radioactive Waste Management.

13. Scope

he "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"

1A. 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 segent. The waste package and engineered barrier
segment have been identified as items important to safety, waste isolation, and physical
protection of materials in he QAP-2-3 evaluation entitled "Classification of the Preliminary
MODS Repository Design" (Ref. 2, TBV-228). The WPDD responsible manager has evaluated

K... 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
k@w/ determined that the preparation and review of this technical document is subject to wQuality

Assurance Reiments d Description" (Ref. 4) requirements. As pcified 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 (ReE 1) was used to generate the cross section library plots documented in this
report The software Specifications are as follow.

* Prgram Name: MCNP
* VersionRevision Number. Version 4B2
* CSCI Nmber 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 S. The MCNP generated cross secton plots are contained on th attached CD-ROM
identified as Attachment L The MCNP softwre used was: (a) apropriate for the application of
cross section plotting, (b) used only within the range of validation, (c) obtained fiom 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 anport 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):

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

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 tranport codes, the product of the processing code is a muli-
group or pointwise (continuous-energy) cross section library.

This report discusses the selection of continuous-energy cross section librares for use In MCNP
criticality calculations. The continuous-ene cross section libraries are processed into the ACE
format (p. F-i, Ref 1) by various national laboratories. Ihe ACE format cross section libraries
are then distributed with the MCNP software.

Bo0oooOO-01717-70500099 REV 00 2 Ime 30, IM



The continuous-energy cross section libraries are essentially cross section tables containing all
cross sections tabulated on a fixed main energy grid. The aei 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, Re£ 1) Therefore, the particle energies in the cross
section tables are truly continuous. Each nuclear reaction is repre d separately in the cross
section tables. For each individual reaction, secondary particle angular and energy distibutions
are provided as a function of Incident neutron energy (at specific energies with interpolation
between energes) Tbe cross section tables also contain ote information needed by MCNP
such as mulplicties atomic weight ratios, average nu (prompt, total, or both prompt and total),
average heating numbers, and reaction Q-values. Ihe generated cross section tables are
essentially application Independent The format ofthe cross section tables allow the transport
codes to utilize the nuclear data in as much detail as required. Information on continous-energy
cross section data tables is available on pages F-4 through F-3 1 of Reference 1.

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

* (nxn) reactions are sampled independently (no conservation of energy)
* (nA) and (nmn) 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 linearlinear interpolation to within 1%
* angular distrions of scatered neutrons from neutron emitting reactions (as tabulated on

racton-endg 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 cosie bins

* secondary neutrn energy distrIbutions are sometimes approximated in MCNP.cross section
tables by 32 equally probable energy bins.
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Predictions of ANucimaperimently Measured 
Model Calculations Coss Sections

Ibterction Data Table 

EvaluatedNeutronInteraction
Data Te Processing Codes_

ACE Format Nuclear Data Ubrary

T sortCode

Figure 2-1. Sequence for MCNP Cross Section Processing

3. Criteria for Selecting MCNP Cross Section LIbraries

More than one cross section ibrary is available for most ofthe 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:

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

All ofthe 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 element or isotope. Some things that should be considered when selecting neutron cross
section libraries include:

* differences in evaluatoes processing criteria Le., size optimization criteria for resulting cross
section data tables)

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

* sensitivity of results to different evaluations.

Bias and uncertainyvalues associated wffi 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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charactistics of tie 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 system having
varying neutroic cha iscs 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 configuations
representing a variety of neutroic charateristics (spectrum, geometry, reflection, etc.)
(References 8, 9, 10, 11, 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-l. Zr (naura, Ag-107, Ag-109, Eu-IS 1, and Eu-i 53

* ether 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 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 Ubraries

Table 4.1 lists all ofthe continuous-energy MCNP cross section libraries currentiy available for
use by the WPDD. The information in Table 4.1 is obtained from pages 0-8 through 0-29 of
Reference 1. Ihe following index applies to the cross section library filenames in Table 4.1 (p.
1-lS, Re£ 5):

* endfsp: 23 tables from ENDF/EV continuous energy
* endffu: 31 tables from ENDF/B-V continuous energy neutron
* newxs: newly processed evaluations 4/19191
* nccs: 64 tables from ENDF/B-V, LANL, and ENDL85 (continuous energy neutron)
* mccsa: 27 tables from ENDF/B-V, LANL, and ENDL85 (continuous energy neutron)
* kidman: data for a number of fission product nuclides at 300 K
* mnisc5xs: corrected data for ENDFIB-V based Zr, and data libraries IRNAT, MISCXS,

ARKRC, TM169, GDT2GP, and T2DDC
* endf5mt: data previously available in he libray EPRIXS(evaluations at various

tempeatres including 300 K, 600 K, and 900 K for 7 isotopes), along with the U600K data
library

BODOOOODO-01717-5705-00099 REV 00 eS lune30,19g98



* endlSS: ENDLSS based continuous energy neutron cross sections
* endM: 124 nuclides witi an individual data file for each (processed with NJOY91 at room

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

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

TIe entries in Table 4.1 are described as follows (pp. 0-6 through 0-7, Ref. 1):

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

AWR (Atomic Weight Ratio): The AWR is the ratio of the atomic mnss 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

LibraryName: This entryis the name ofthe braythat conains the data file forthatZAID. 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.I orENDF/B-Vl.# (such as B-V.O and B-VI.1) are the Evaluated Nuclear
Data Files, a United States effort coordinated by the National Nuclear Data Center at
Brookhaven National Laboratoy. The evaluations are updated periodically by evaluators
from all over the country, and the release number ofthe evaluation is given. Tbis is not
necessarily the same as the ENDF revision number for that evaluation. For example, Pu-
242 is noted as ENDF/B-VI2 as it is from release 2 of ENDFIB-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_XFM: This source identifier indicates that the original evaluation has been
modified b tie Los Alamos National Laboratory groups T-2 or X7K

,,

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 n evaluation, the oiginal evaluation date was kept. Ihe
notation <1985" means "before" 1985.

BOOOOOOOO-01717-5705-00099 REV 00 6 June 30. 1998



QW
Tenp: 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 atarget 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
fiee-atom aprmation is valid. Ia 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 v behavior as the temperature increases.

Ig: This entry is the total length of the particular aoss section file in words. It is Understood
that the actual storage requirement in an MCNP problem will often be less betause 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 reesentation of the cross sections, particularly through the resonance region.

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

GPD: 'yes' means tbat 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. " means that only total nu data arc avaable. 'b" means
that both prompt and total nu data are available.

Table 4-1. Available Continuous-Energy MCNP Cross Section LIbraries
ZAID AWR Lny Suc Eval Temp Lgth NE Pfn T

Name Date 00 (words) OleY)

**H.**
103Sc JOR 1 endU 1 EllE 1 <1985 0 3,506 I 330 20 1 yes no I

_1 .9920 gmccs B-VO 11977 294 2,76C -2 -' 20 ys so I
1001.S3c 0 e9992 I1 B-VA j 7 T7 1 4,001 394 20 yes no j

001.60c c099921 endf6tl B-VL1 1989 294 3484 357 100 yes no

1002.3Sc 1.99681 cnd8S ILLNL <1985 0 [ 2,507 1 135 1 20 t yo
1002.SOc 1.99681 13dV__ [ *1967 294 3,987 1 214 1 20 | yo
10023S5c 19968 nmccs T-2 1982 294 05,81 1285 20 y no

T3t 1968 J B-VLO 11967(2 29 4L 2,704 178 2 T |__ no

1003.35c 2-9901 endl&5 I LLNF 1 <1985 1 0 1 269 1 76 20 no no
1003.Soc E2T5 imecs I" Y . .1965 W 294 228 184 20 no no
______ 2.990I endf 6 B-yb 1965 294 1 3,338 [ 180 20 no no

**He.3*

I
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries

,QV" ZAID AWR library Source Da Temp L( gth NE . GPD |Name Date (K) (word (fiev)

I200335c 12.99011 cndl85 I LLNL I<1985 I 1 2,481 1 182 1 20 1 yes no-
2003.SOc 12.99011 imcs IB-V.0 1 1971 1 294 1 2,320 1 229 1 20 1 no j no
2003.60c 12.98901 cndf60 1-V 1990 1 294 1 2,834 1-342 1 20 1 no I no

2003Sc 396821 cndl8S I <1985 1,442 78 20 1 no no
2004SOc 14.001 I V0 9 29 3 34 20 no no
2004.60c 4.001S endf6 I D-VLO 1973 -294 2971 327_ 20 no no I
8L **1** $ h i u * b $ $ e . . . . . . . . . . . . ._ _ _ _ _ _ _ _ _ _ _ _ _._ _ _ _ _** ..... . _ _ _ _ _ _ _ _ _

I 3006.50c 15.96341 mccs I -V.0 1977 294 9932 373 20 ys I no I
I - -. I__-- - I�l_____ I, I3006.60c 15S6h341 endf6 I B-VLI 1989 I 94 LL85 1 498 20 I mr I no 

3006.60c 15.96341 endf60 I B-VLI I 1989 I 294 I 12.385 I 498 20 I yes I no �- I I I - I - I - I �

*l-7*w

3007SOc 6.95571 endfI p I EBV.0 1 972 294 4,864 343 | 20 | yes | no-|
3007S5c 6.95571 Mc= I v2 T 1979 1 294 113,171 T328 1 -T20s (: no

-07J50C 567S71 endf601I B-VLO 1988 294 14,567 387 1 20_T yes I no J
Z-4**$$$$$***Beruiun*$************,,**ee-*s*e*e* *$******s*

*$Be-7*_

[4007.Sc 16.95671 cndISS I U1NL T <1985 O 1 834 [ 180 1 20. I no I no
O*Be.904

4009.21c 8.9348 100xs[3I T-2 TXM 1989 1 300 28,964 1 316 1 100 I yes I no
400930c 893481 B-V. 11 976 1294 886 329 J 20 yes I no
4009A- 1 B3481 ndf60 I -LO 11986 12941 64,410 [ 276 J 20 L.__yws.I no

5010.SOc I99 I rmcs I B-V. O 1977 1 294 1 20;Oj 514 1 20 yes I no
S010.53c 9 .92 6 9

I -B 1 1977 S871 23,676 700 j 20 I yes I no
j010.60c 9.92691 endf60 I B-V 1989 1 294 1 27.957 61- 73 1 20 I yu I no

**B-11 _ __ __

0113Sc I .914 cntI8SI LLNL I<1985 I 4,2891 247 20 Iye no
0OI1c .iO9150 cndfp B-_V.0 1974 294i 4,344 487 20 no no

5011.5c IO.9S1 rncssa IB-V.O:T-2 [ 1971 2 2,24 1 860 [ 20 yes no

50160 0.17 i Fi--T - T989 .29 108,351] 296 [ 0 ys no

1 600.SOc 111.89691 mccs I B-V. 1977 1294 23,326 875 1 20 _ yes I no I
160001ft 111.901 cndf60 I EBVL I 1989 1 294 i22,422 1 978 1 32 1 yes I no |

" C-12S*- 
021210 -111.89691 1OOxsl31 I T-2MM 1 1989 1 [300 28,809 1 919 1 100 L YES . DO I

6012 11.8969 endiS | LLNL ( <1985 5,154 223 | 20 yes no
612.S0c 111.89691rinccs[4,511B-VA0 11977 1[-294 1 23,3261 875 20 yesn

*C;3*

16013.3Sc 12.89161 endl85 I LLNL 1<1985 I0 4,886 1 395 I 20 I yes I no

I 7014.50c 113.88301 umccs I B-V 0 19 A 4 294 1 45457 1 1,196 1 20 1 yEs I no
I 7014.60c 113.828 en T-2 1992 294 60,397 1,379 20 yes no
**N.15S*

7015.5Sc 14.87101 mccsa I T-2 '11983 1294 20,92 1744 1 0 Yes no
05.60c1.8710e60 13-LO 1993 94 124,410 1 53 20 yes n

705kr 14I701edfn
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Table 4-1. AvaIlable Continuous-Energy MCNP Cross Section IUbraries
ZAE AWR LUbrary Sorc Eval Temp Length NE Eau GPD I

Name Date K (words) (MeY)

*00-16'*
101621c 15.8575 IOOxs[3) T-2ixiM I 1989 3001 45,016 I 1,427 1 100 yes I no
8016.35c 11575 e85 LLNL (1985 1 10,357 46S 20 Yes no
8016.50c 1 .880 mcs BV.O 1972 294 37,942 1,391 1 20 yes no
B016S3c l 8580 edf I BVl 1972 W I 37,989] 1398 20 yes no
-c154c l efwBiV.0 -1972 881 -38,017 1,402 1 20 | y no
016.60c 15.8532 end6o B-VLO 1990 294 5823 1,609 20 yu no

I 01760c 1615311 endfW B-VLO I 1978 1 294 1 4 0 1 335 1 20 1 no I o
a~c9>$$**ee****Fu~P ******** **** 1 **9I******6**5**5* P5*w

*F-19" J1,452 no
9019.3Sc 118.83521 endl8S- llNL <1985 0 131js47 1.42120 Iyes In 
9019.50c 18 350 9BV.0 1976 294 44,130 1 1,569 1 20 | yes I no |

9019.5 11.83501 rmc I BV.0 1t976 294 41,442 1 ,s41 20 yes no
90196c 8.8350 B-VLO 1990 3001 93,826 1,433 j 20 7 y @ n

f~l*$*$*e$$$*$sdam ***SS**4******S*S*4* SuIII..P**...........

"Na-23"
110233Sc 22.7923 end185 LNL <1985 O 22,777 1,559 20 yes no
1 23.50c .7920 endf5p B-V.0 1977 294 52S2 2,7031 20 yes no

11023.51c 22.79201 mccs B-V.0 1977 294 48,863 2,228 20 no 
11023.60c 2.7920 enU 60 -VLI 1977 294 50,294 2,543 20 Y no
>-12 **$** '" *$anes L**$*$'-4 *$ ***4 I*****'*SP* SS*~**SS

1______cp4.0962J endi8S J LLNL J <198S 0 9,686 1 675 J 20 J yes -no
120005c24.09631 indf 1 7 V.0 1 1978 294 [56,334 2,430 1 20 yes no
20051c1I2.0963 mncs B-Vk J 1978 294 [48,917 1 1,928 1 20 T ye no

12000 2 3. endf60 B-VLO 1978 294 55,776 225 20 yes no
Z-13~~~~~~~~*5** IJ***** .* ****SJ. .N... *0*5*5 * S**** * Pi*

"A1-27_
1302721c 26.7498 100=13L 3 T-2XiM 1 989 300 35,022 1,473 1 100 I yes I no
13027 c 6.498 end851 LLNL J (1935 O 36,19 2,038 | 20 yes 1 no
13027c 26.7 n 7 1973 29 54,162 2,2 24 20 es 
30271 6.750, 1973 294241 20 yes no

Z,4*$ I'* '*c******* )**S*$5 P......... .****,,,*** ****S *.*.5 i

" Si-nat'_____

1100021c 27.1440 100xs 3J T-2TMM 1989 1 300 176,399 1 2,883 100 I yes I no
40003Sc 7.84421 endl8S 1 ALLNL 1(<1985 I 119,016 1 1,012 20 1 yes o

14000.50c 7.8440 edf3p B-. 1976 294 98,60912,4401 20 ]J J no
14000.Slc7.84405 nmccs[ B-V. 1976 [ 294 1 18,129 1,887 20 J yes no
[14000.6 127.1440 0] df60 [ -VLO [ 1976 [.294 104,198 2,824 20 -y no

ssP-310* *
1503135c 130.7077 end 85 LLNL [51985 I O 5,875 303 f 20 yes | no

_____ ~ .VO [197 ~W 5733f % [ 20 ye no
.03 c 3i.7080 I BaU -V.0 . 1977 1294 1 5,732 326 20 Y Yes I O 1

5031.60c 10.70 5 cdf6b l E FVLO 1 1977 294 6,715 297. 20 Yes no
2szl**z**$$$$*$SUfi5*. ***********iiuiiis julie ****.** I.** *

3*s7193
|jC6OtC|31.78821 CndfS0 I B-V1.0 I 1979 294 1 108,683 1 8,382 1 20 I yes I no |
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Table 4-1. Available Continuous-Energy MCNP Cross Section LUbraries
m A NR Ubamry Source Eval Temp Length NE Emu GPD V

Name Dae (E) (words) (MeV)

**S-32**
16032.35c 31.6974 nS [LNL 1985 O 7,054 357 20 Yes no

2.Sc 1.6970 ent£n5u BE- 1977 294 6,789 363 20 yes no J
16032.Slc 31.6970 rmccs BEV-. 11977 J294 6,7801 362 20 yes no

12 c 3 0.697Q cndf60 jEBVLO 11977 294 7,025 [177 20 yes no
1,17**** ***Ckz '0hineP' hS*****S Vi$*lII 8$,* E~I *****.i q ..|*ees, ..
* .C1~ nate _ _ _ _ _ _

17000.35c p.14841 endI8S L ILNL 1 <1985 1 0 12,90.3 1,014 1 20 yes no
17000.50c 5.1 80 ef 1 B-V.0 1 1967 7 294 1 23,313 1,499 1 20 es 7 no
17000.51c 35.1480 rmcs B-V.0 1 1967 7 294 21,084 1,375 1 20 Y yes DO
7aO060c 35.1480l end 1 VLO [ 1967 7 294 24,090 1,816 20 yes no

Z-1 8 8 go 88
JJ$JJJJ^ J*J $SS***88*S**W* *8*6 ****St *88*8*46 *$*$$e

JJAr-nat"
8000.35c139.60481 mccsa LLNL( 198 1 0 1 5,585 259 20 I yes I no
SOO.59c 39.6040nisc5U6,7 T-2 1982 294 3,473 252 20 ves I no

190O.3Sc 38.7624 end 5 LLNI 1985 0 11,130 714 20 t yo
190Q50c 38.7660 en 294 1974 1 22,051 1,243. 20 I T no
190005c38.7660 rMcsS B-V.0 1974 294 18,798 1,046 j 20 | no
l900Q.60c38.7660 endf6o j B-VIo 1974 T294| 24,482 1s767 20 yes j Do

Ze20*$***$$*JJXCE**tIA *888** iI** i*8e$* $$ 8*88*81 ....... ****

200003Sc 39.7357 td85 lltL_ <19858 I O 12,933 9 974 20 Yes no
200005tk 9.7360 en ug [B-V 1976[ _ 294 62,624 123394 20 Yes no
;200001c 39.7360 imccs [ B-V) 1976 -294 5 53,372 1,796 20 yes no

0000.60c 9.7360 endf60 VL 1980 2947 76,468 2, 704 20 yes no

20040.21c 39.61931 lOxs[31 I T-2XI 1989 1 300 53,013 1 2,718 1 100 I yns I no

**Sc.4S8'
12145.60c 44.56791 endf60 1 E .2 1 1992 1 294 1 05,6271 10,639 1 20 1 yes I no

220 3c 47A885 cnl8 LLNL <198S 0 [13.421 1,337 20 as no
2000SOc en i u -tV. 11977 1294 , 548 01 4,434 20 Yes no

2 0SIc7A676 rmcs B-V.0 |1977 3294 3132 1,934 20 yes | no
22QOOAc-7A676 JendSS - V-LO 1977 294 | 76,454 7,761 20 Ys no

|$$$"'md$$*$$*@@$**$e$$$*. . . s . . . . . . . . .. v . . . . . . . . . . . . . . . 8 4 1 . . . .. .. . .. .. . .. .. . .. .. . .. .. . .. .. . * 8 

* 
8
V n a t' *_ _ _ _ __ _ _ _ _ _

123000S0cI50.50401 ndf5u I B-V 1 1977 I 294 1 3,312 1 226S 20 I yos I nO
____________50 _4 _ n 1977 1 294:1 34,110 1.899 I 20 1 yes no

|23000i~50.50401 ndf&0 I 1E\LO 1988 294|IC17,334 | 8957 | 20 | yes |-no |

t24 000.3c51.54931 endISS I 1llL 1 (198 0 9,218 358 1 20 1 yes I no
2000.S 5154901 Mccs I B-VA 7. 1977 1 294 1 134,454 11,050 1 20 1 yes I no

240SOCOc 9.517 endf I B-V.1 1989 1 294 119,178 11,918 1 20 1 yes no

BODOOOOOO1717-57054=99 REV 00
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, Table 4-1. Available Continuous-Energy MCNP Cross Section Lbraries

FZAD AWR bary Source Eval Temp Length NE E.m GPD v
Name Date (Q (words (MeV)

24052.60c SIA9401 cndf6O I B-VLI 1989 1 294 1117,6801 I679 1 20 yes I no
OsCr-5399
124053Ac 52.8601 endf60 BVLI 1 1989 1 294 1 114,982 1 073 1 20 I yu T no
**Cr.540#
4054.60c S3A7601 endf I B-Vl1 3 1989 1 294 1 98,510 999 1 20 e ys I no

2505535c 4A661 end 85 L1NL <1985 .7,493 1 446 y 20 ye [. no
5.SOc50c .4A661 en u a . B-V.0 1977 1 294 105,0931 12,525S 20 yes [ no .

SO5 Ilc rmWI -Eccs IV J X1 2 1 25,7271 1,S78 j .y [ no .
UO5S.60ciS4A66iTi cndfCO B-VLO j 1988 1 294 184,269 120 yes D ao
M26i$30*** **frn *********** ******t ****i**.,.* ***,**..,I..,

Fe-Mrt*
2600021c 553650 looxs T-2.XTM 1989 1300 149,855 5,598; 100 no
2600035c 55.3672 entl85 LLNL <1985 T O 30,983 1 2,772 20 no
26000.S0c 5.5365 0 B-V.O 1978 1 [ 115,447 110,957 20 y no

260000c -S6S T2 1986 294 178,392 | 6,899 20 yes no

26054.60clS3A7601 60O I B-VLI 1 1989 1 294 1121,631 1 10,701 1 20 1 yes I no
**Fe.560'
260560c SSA5401 endf60 IB-VI.1 1 1989 f 294 1 174,517 1 11,618 1 20 yes I O

*Fe-S7"
126057.656A4601 endf60 I B-VLI 1 1989 1 294 1133,995 7.606 J 20 1 yes I no
@Fc.S85

126058.W 57A3601 cndf60 I B-VLI 1 1989 1 294 1 93,4S0 1 6,788 1 20 D yes I no |

O*OCo.S9*
2705935c 58A269 endIS5 LLNL <1985 0 38,958 4,177 20 yes I no
27059.50c 58.4269 en a B-V.O 1977 294 117,075. 14,502 20 ye no

2S 8mA269 ccs B-V.0 1977 294 28,355 1,928 1 20 yes no
7059.6c .A269 EO B- vI.2 1992 4 186618 11,838 20 no

'*Ni-n
28000Oc .1826 rmccs I B-V.0 I 1977 1 294 1139,913 1 8,927 1 20 o yes I so
@NiS8'

128058.35cS73761 endI8S I LLNL 1<1985 1 0 1 42,74414,806g 20 1 yes I no
28058.60c 57A3801 endf60 0 B-VI.1 1 1989 1 294 172,069 1 16,445 20 1 yes I no

**Ni.60*'
128060.60c 59A1601 endf6O -1 B-VLI 1 1991 1 294 110,8851 10,055 1 20 1 yes I no

128061.60c 60A0801 endf60 I IWO1 1989 1 294 1 93,801 5,882 1 20 1 yes I no
Q*Ni-6204
12806266016i 9601 endf6O I B-VLI I 1989 1 294 1 82,08S 7,230 1 20 1 yes I no

Ni-64"-
63.7901 end6 B-VLI 11989 294 66,656 6,144 20 1 yes I no

Z 29 $ * * S S S * o p r * * $ S S * * * * * * S * S * * * * * * S * S * * * S # S

l2000.35c 63.000I endl&5 I1 LLNL I <1985 I0 1 7,039 293 1 20 1 Yes Wo--I
29000.50c 3.5460 tmccs I .O | 1978 1 294 1 Sl,8SO 1 3,435 1 20 | yes no
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries
.A) AWR Ubrm& Source Eval Temp Length NE E, GPD |

I ~~Name Date (K) (words) (MeV)

129063.60c £38901 endf6O B VI2 1 1989 1 294 1119,0971 11,309 1 20 1 yes I no
O*Cu.65**
29065h 16437001 endf60 I UNL2 1 1989 1 294 118,3851 11,801 1 20 1 yes I no I
Zin31 5* sGallum S *5* 055

1 S169.12111 end]85 I LNL <1985 1 7,509 469 ' 20 I yes I no I
310000c169.12111 rmccs I B-V.0 I 1980 1 294 I 7,928 I 511 20 I yes no 

1000.60c 19.211 endf60 I B-VLO 1980 294 9,228 S66 20 yes no

*As-74*
330743S 7328891 endl8S I LLNL <1985 0 1 50,881 1 6,424 1 20 I yu I no

330753Sc 7427801 mccsa B-V.0 I 1974 1 0 5 50,931 6,421 1 20 1 yes I no

*Br-79**
30579Sc 82404 isxsj6,8jj T-2 1 1982 1 294 1 10,431 1_IS89 1 20 I no I no
**Br41'*
3508135cl80.2212mixs 6,8jj T-2 1 9i82 1 294 5,342 1 831 1 20 I no I no

136078 Oc 77110 rm=csa I BY. I 1978 1 294 1 9,057 1939 1 20 _ I no I no
Kr.304 

136080.50c 792981 rmccSa I B-V.O 1978 1 294 1 10,165 1,108 1 20 I no I no
sKr-820*
608 Oc 81.20981 mccsa I V.O I 1978 1 294 1,7,220 1 8 20 no I no
36082.9c 812098 nsicxs 6,7j T-2 1 1982 1 294 1 7,010 1_499 1 20 I yes I no I
5Kr-83 5

1360o83.0cl82.20181 rmcca I U-.O I 197£ 1 294 1 8,078 811 1 20 I no I no
36083.S9c 822018bfsc5xs[6,7j T-2 1 1982 T 294 t8,069 7 704 1 20 I yes I no

136084.50cI83.19061 mccsa I B-V.0 I 1978 1 2941 9,364 I 944 1 20 I no I no
23608439 183.19061misxsL ,7J T-2 1 1982 1 294 1 10,370 954 1 20 I yns I so

36086.50cpS.17261 nnccsa I B-V.0 1975 294 1 10,416 741 20 - no I no I
36086.59c 85.1726 xs 67 T-2 1982 294 1 3,740 551 20 yes noz 37$$*$$~~~(4 1* nId~u T-2e.... ..... , !*;**e *** 

**RbSSS*
1708555c4 .1824. n m xs[6A,8 -2 1 1982 1 294 1 27,304 1 4507 1 20 I no no

137087355c 61 -626kn5xs6,8j -2 1 182 1 294 1 8,409 1 173 1 20 I no no
l..39S*S**SS**S*-*yyj~it, .....**.S* .*S*S*SS*S***SS* .*S**SSS.S**.

39088.35ci87.15431 enI 85 <1985 11299 20 yes I no
55Y9'*
39089.35c 88.421 i-nWSxis6) -l L I Q 1 49,885 6,154 1 20 yes no
39089.SOc 88.1421 endf~u V[9J . 1985 294 18,631 3,029 20 no no

9089 8.420 end B-VLO 1986 294 86,556 9,567 20 yes no
W Or* 1$***$Zironiume *.SSS*.iSSS*SSSSS*SSS **S*S S*SS* S.S

" Zr.nat**
400003Sc90A3641 enI8S LNL <1985 0 O 1 14,738 1 ,292 1 20 1 yes I no
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries
ZA| D AWR LUbary 'So Eval Temp Length .NE ME GPD v

Name Date K)(words) (ev)

40000.56c OA360 1misc5xs6,101 B-V:XIM 1976 300 5 2,064 1 7944 20 1 no o
40D0.7c 9O3600Esc5xs[6,I0]g-VTM 1976 300 16,616 2,116 20 noo

4000.58c PAA360 i 6,10 BV XM 1976 587 57,288,777 20 1 no j no
840000.60C 190A3601 T B-VLI 1976[101 29 6603 10,298 20 no no
*Zr.93*0
iOO9330cJ92.10831 kan I B-V.O I 1974 1 294 1 2,579 1 236 120 1 no I no]

Zz41*""'t$'Niohun**'$"*"$*'"$*"$""* S****** JU****i$

**Nb.93**
10933Sc 92.1083 endlS t NF] <1985 O 50,441 6,095 20 yes no 1
093 SOc 92.10SI en 1-V 194 294 128,960 17,279 20 yes no

41093.SIc 92.1051 .mccs B-Y.O 1974. 294 14,675 963 20 nOe
1093.60c 92.1 endf60 ] VI 1990 294 110,269 10,678 2 Yes so-
=42$*"*********iMoIoden'*"* mmU ; ; .***** *****S*

**MO-Dat
4200.3c 58 endlS JtllNL <1985 0 8,628 5 573 20 I.yes no
2oD00c 95.1161 nidfi B-Vlt 1979 24 35,634 4,260 20 yes no

4200.Slc 9.1160 rmccs B-V.O 1979 294 10.139 618 20 no
42000.60c ndf60 B-VLO 1979 294 45,573 5,466 20 no
D*Mo-9S4*
142095.5tc 94.0961 Idman I B-V0 !1980 1 294 1 5,411 1 2,26 20 1 no I no

*Tc-99**
3099 Oc 98.15001 Idinan -V.0 1978 1 294 1 12,152 1 1,640 1 20 1 no I no
43099.~cp98.1500 endf6O I B-VLO I1978 1 294 5 54,262 1 8,565 1 20 I no I no

"'Ru-10OI"
44101.5c 110.03901k I B-V.0 1 1980 2941 5,299 5 S43 'I20 1 no I no
'Rn103*4

,4103.50c 0201 B-V.O I 1974 1 294 1 3,052 1 235 1 20 I no I no

*Rh-I03"
451033Ocl1O2.0210 rmccsa I B-V. I 1978 294 1 18,870 1 2,608 1 20 I no I no
*Ih-105**
4510OcS I.0501 man 1974 1 2941 1,591 1 213 1 20 1 no no

"Pd-10S'*
1463SOc 114.0040 kidm B-n I BV.0 I 1980 1 294 1 4,647 5 S05 1 20 1 no I no
"*Pd-108*0
46108SOc 106.97701 B-V.0 1 1980 1 294 1 4,549 555 1 20 no I no

47005Sc lOC9420 rmcIsa T-2 - 1984 1 294 1 29,092 1 2,350 1 20 I yes I no
'Ag-107*_I4710735c 1OSS8671 d85 LLNL [<198S 0 1 13,134 1 994 1 20 1 yes I ano A
4Z7107350 10598701 mccsa I B-V.O 1978 1 294 112,11 1 1,669 1 20 1 no [ no 1
247B07105-9870- entf60 I B-VLO 1 1983 1 294 64,008 110,101 | 20 1 no I no I
'A-109*4
4710935c 107.96921 cndl85 LLNL 1<1985 1 O T113452 1,094 1 20 | yes no
4 7109.50c 107.96901 m[csa B-V0 1 1978 1 294 14,598 5 120 1 20 n _ o I no 
147109.Dc 107.96901 enof5 I B-VLO I 1983 1 294 1 76,181 1 11,03B I 20 I no I no I
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Table 4-1. Avallable Continuous-Energy MCNP Cross Section Libraries
ZAID AWR L"' Source Eval Temp IAngth KE Ez GPD Y

Name Date (K) (words) (MeV)

*Scnt**
48000.35c 111A4431 u85 LLNL 1985 0 12,283 I1,115 20 no
48000.50c II IA6001 enu B-VO0 1974 294 19,714 2,981 20 1 no no

000.51c 111A6001 rmcs B-V.0 1974 294 6,734 818 20 no I no

s4M.o60c113.8340 endf60 -V.o 1990 294 93,662 10,116 20 I yes no 

* *Snoat
500003Secll767041 cnd8S1 LNL I 198S I O I ,970 1 205 1 20 I yes no

**I-127'
3127.SSe 125.814CmiscSxs[6,8 T-2 i 1982 294 59,725 9,423 20 no no

S3127.60c 125.8143 cndf6O[12j T-2 1991 294 399,760 7,888 30 yes DO
*1.129*t

53129.6I 127.79801 Bndf60 I VLO 11980 1 294 1 8,792 1,237 1 20 I no
*1-135

153135SOc 133.7511 kiman I V.0 | 1974 1 294 1 1,232 1 194 1 20 1 no I no

"Xet
140003Sc 130.1721 endl8S L5L ('1985 0 41,432 5 5;228 1 20 1 yes I no

**Xe-131'
S4131S0c1129.78101 Vian B-V0 I1978 1294 1 2S,72 1 3,376 1 20 1 no I no

**Xe.134 " 
15413435c1132.7551 enI85 I LLNL I 1985I 0 1 7463 1 359 1 20 n oes I DO I
**Xe135* "

43SOc|.133.7480|endf~mtI|| B-V | 1975 294 | 5.29 1 704 1 201 no I no I
3.3c133740I BV 1975 587 1 5,541 1706 201 no no

S41ml Vj 133.7480]endf~mt[I) 1SV 1 1975 7881 55 ,77 I 7121 20 no 7 no

SS133 SOc13 .76401 kkkm I i 3-V.0 1 1978 1 294 1 26,713 1 4,142 1 20 1 no I no 1
5513 c 31.7640 T-2 1 1982 7 2941 167,893 1 11,025 1 20 jT no Ino,
5133.60c 131.76401 endf60 I B-VLO 1 1978 294 5 54,723 1 8,788 T 20 1 no I no

"Cs-134" * 

IS5134.60c 132.75701 endf6 I B-VLO 19 V88 1294 1 10,227 1,602 1 20 1 no I no
" Cs-135S"
55135.5c 133.7470 kidan B-V.0 1 1974 1294 1 1,903 1 199 1 20 1 no InDO
55 .63SA0c 133.7470 cndf5 I B-V.0 1974 1294 1 3,120 1 388 1 20 1 no I no
*Cu-1360
155136.6c 134.74001 endf50 B- .0 1 1974 294 1 10,574 1 1,748 1 20 I no no
*Cs-137"

155137.60c 1135.73101 enf 60 I B-VLO | 1974 294 | 2,92 369 | 20 | no n Do

*$Ba-1383* ;
56138.35c 1136.72061 ndlS LLNL en 1985 1 0 5 5,985 262 1 20 I yes I no IL 6138SOc I I36.71501 zncs I B-V.O I 1978 1 294 1 6,018 1 292 1 20 I yes I no
5613860c 136.71501 endf60 I3-Vl.o 1978 1294 7,347 267 20 yes to

_ - -- ---0 ----
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Table 4-1. Available Continuous-Energy MCNP Cross Section Lbraries

1-) AWR Library r Eval Temp Length NI ZM AR Name Dat (IC words)
Eu

{bMe5)
GPD F V

**pg..34j**

591130c 139.6970 knan B-V.0 1980 1 294 1 5,620 1 1,34 1 20 I so I no

$INd-14300
601 Sc 111.68201 B-V.O 1980 1 294 1 17,216 1 1,701 1 20 I no I no
G$Nd45S**
160145SDcJ143.66801 kdman B-V.0 1980 1 294 1 38,473t 3,985 20 1 no 1 no |

6Nd-147t1
160147S~cI145.6S401I kdman I B3-V.0 1979 294 1.816 251 1 20 1 so I so

1601480c 146.64601 B-V.0 1980 1 294 1 10867 1 1,054 1 20 no no

**Pm-147#*
6147.O0c 145.6530 kman B-V.0 1 1980 1 294 1 9,152 1 825 1 20 I no I no
"Pi-1480'

161148 Dc 146.64701 kidman B-V.0 1 1979 1 294 1 1,643 1 257 120 I I no

161149.50c 147.63901 kidan BV.0 1 1979 1 294 1 2,069 1 8 1 20 Ino I no
Z m62ee*e¢Samarium$***********$g*******
*'Sm-147"
62147.SOc I45.65301 idman B-V.0 1 1980 1 294 33,773 2 ,85 1 20 | no I no I
**8m-149**
62149.SOcI147.6380 endf5u B-V.0 1 97 294 1 15,662 1 2,008 20 no I no I

**Sm.150
62150.SOc 1148.62901 iman I B-VA 1 1974 i 294-1 9,345I 1,329 1 20 I no no

621.SOc 1149.62301 Wk-n I EAVb 1 1980 1 294 1 7,303 1 605 I 20 I no I no
**Sm-152*s
621WOelI5O.61501 Iddman I B-V.0 I 1980 1 294 1 41,252 1 4,298 1 20 I no I no

**Eu-nat*
163000 5c 1150.65461 mocesa I LLNL I <1985 I 0 6 6,926 1 364 1 20 o yes I no

63151Sc 149.6230 imccs I B-V.0 1 1977 1294 168,057 15,46 120 Yes I no
63151.55c 149.6230 newxs T-2 | 1986 1294 1 86,575 4,749 [ 20 I no
631SI.60c 149.6230 endf6 B-VLO 1 1986 1294 1 96,099 7,394 1 20 ys I no
'Eu-S2' .____ .___.___.,_

1631S23 0cl .600 end 1 1 B-V[ 1 197S I294 1 49,313 1 4,553 1 20 1 no I no
O*Eu-153'____

63153.50c 151.6070 rmccs BV0 1978 1294 55,231 4,636 20 yes I no
631S335c IS168 newxs T-2 J196 1294 72,971 4,174 20 yes I no
63153.0ct ISI.C080 endf6 [ B-VLO 1986 294 86,490 6,198 20 yes [ no
WOEa.1541s*

163154-cl112.6M 5 endf u I E-V.0 1 1975 1*294 1 37,008 1 4,030 1 20 T no I no
~Eu-3S5'4

I631SSc 153.S920l Ed= I B-V. t I1974 1 294 1 4,532 1 273 i 20 1 no I no

0 c640035c 155.8991 im=cs I LL2NL 1985 0 1 7,878 454 1 20 1 - Ino
*'Gd-152

I

I
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries
ZAID AWR Ubrry Sorc Eval Temp Lgth E Lan GIPD F

Name - Date T (words) (MeV)

641S50c 150.61S01 endf u I B-V.0 11977 294 1 26.251 1 3.285 1 20 no I no
64152.S5c 150.6150i t6.13 B-V.O:T2 19861 294 7 32,590 1 3,285 1 20 1 yes I no
641S2.60c 150.61501 cndf60 I B-VL0 1 19771 294 1 32,760 1 4,391 1 20 1 no I no

6414.SOc152.59901 anfu I B-V.0 I977 294 1 49,572 1 7,167 1 20 no 4 no
64154.SSc 1152.S990 cSxs[6,13: B-V:T2 1936 1 294 1 59,814 7,167 1_20 y1Is no
641S4.60c 152.599 - endf 0 B-VLO 1977 12941 67,662 10,189 1 20 [ no no
*Gd-1556

64155.50c 153.5920 endf u I B0 1 1977 294 44,96 , 314 1 20 I no no I
64155SS5c 53.S920 iIscSxsf6,13 B-V.O.T-21 1986 294 54,346 [,314 20 1 o
64155.60c 153.5920 endKO B-VLO 1 1977 294. 61,398 j 9,052 20 [ no no
*Gd-156'4

641SSOc 154 S301 endf ii B-V.0 1977 294 37,371 13,964 1201 no I no
641C SSc 1154MSI30 mlscSxs[6,13 B-V.O:T2 1986 44,391 3,964 1 20 yes I so
64156.60c 1154-8301 endf60 B-VL0 1977 294 42,885 15,2811 20 no I no
*Gd-157__

7.50c 155.5760 endf a IB-V.0- 1977 294 1 3,97S 5,370 1 20 I no I no
1S75c S5 760?nisc5xs6,13jB-V.O:T-2j 1986 l 294 1 47,271 5 5,370 1 20 1 yes I no

64157.60c 155.57601 endf6O I VI.011977 1 294 56,957 18,368 1 20 1 no I no
*Ud-1S8s
64158 50cI S6701 endfsu I B-V0 11977 1 294 1 95,76 1 15,000 1 20 1 no I no
64S8.55c 156.5670iscSxs 613Bll-V.OT21 1986 1 294 1113,916 1 15,000 1 20 1 yes I a

641S860cl1S6S~~~~~~~~~~~~~~~~~~~U6701 entf6 I -VLO 1 1977 294 1 9,210 1 9,909 20 I no Tn

Gd160*-
60Oc 5en 301 affu I B-V.0 119771 294 5 53,988 1 8,229 1 20 1 no I no

160.5Sc 58.5530 xisc 6,1311B-A)T-21 1986 294 | 65,261 1 8,229 20 1-yes | no
6410cI$85301 e W I -VLO 11977 294 | 54,488 1 8,304 1 20 1 no I no

*JHo-1***
6i653Sc 163.51351 umccsa I LLNL 1<1985 O 54,279 1 7,075 1 20 1 yes I no I

671.SSc 163.5130 newxs T-2 1986 X 56,605 2,426 30 no
6S60c13.51301 e W I -VLOI 1988 1 294 1 75307 1 4,688 1 30 I 'Yes I no I

69169.S5c 167A830 m~sr6-] I T-2 1 1986 300 47,1941 4,739 no no

I 20003Sc176.95671 endI8S LLNL U1985 0- 75,862 9,636 1 20 1 yes | no
72 176.95401 uns B-VA). I19761 29- 52,231-1 8,270_J 20 1no Ino
!. 16.95401 ndfbO IB-VLO 11976 294 8 4,369 1 13,63 j 20 1no I no-

-2=73*e*ses$*$Ist****e;$**t$) *eee*J.weuJe*e*ue******'***
OsTa-18lt0
173121.35cll7939361 endI85 ULN^ <1985 0~ 33,S47 12,81-2 l20 y es-l no-I731_c17940007 en5u _-TV.I 1972 294 60,740 6,341 20 yes no

3181.5Icj1794000 smccs -A 1972 294 21,27 73 20 Yes no
3191.60c 179.4000 edf6D B-VLO 1972 294 91,374 10,352- 20 y__s no

73192.60c180.38701 endW j B-VI.0 1971 294 1 2,085 1,698 1 20 no no

W-asat � *uat;anca-
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Table 4-1. Available Continuous-Energy MCNP Cross Section Ubraries
ZAED AWR Library Source Eval Temp Length NE En GPD iv

I ~~Name Date (K) (words) (MeV)

174000.21cI82.27061 lOxs3] I T-2:XTM 1989 1 300 1194,5131 21,386 1 100 I yes I no 
74000.55c 8227701 mces I B-V2 1 1982 7 294 1 50,639 1 ,86 20 no

wwW~jlgzw

741250c11809001 end5p I B-V0J 1973 1 294 1 94,367 1 11,128 1 20 1 yes 1 no 1
74182.55c 180 3900 imccsa B-V2 [1980 7 24 122,290Y 13,865 I 20 es no 1
-74120c 118039001 endf6 I B-VLO 11980 294 1 113,177 1 12,283 20 1 yes I no
'OW-183"* - I- ...
74183.SOc 111.38001 endfp B-V. 1973 1 294 5 58,799 5,t43 1 20 1 yes no 0

74183.60c 181.38001 endf O I B-V.0 11980 1 294 7 95 9.131 1 20 1 yes I no I
$*W-194*

74184.SOc 18237001 endf5p I B-V.0 11973 294 1 58,870 6,173 20 1 yes I no
741 c 700 mccsa B-V.2 1980 294 80,006[ 7.835 20 I ye no
741U460c 182.37001 endf60 B-VLO 1198Q 294 78,809 1 7,368 20 1 y no
'W-l86'$ _____

74186.50c 184.36001 cndfp B-V.0 1973 294 1 63,701 6.866 1 20 I I no
Sc 1846001 nnccsa I B-V.2 11980 1294 .1 83,618 8,342 20 yes no

716.60c 11436001 endf6 I B-VI.0 11980 I 294- 82,010 7,793 20 no
_______ nilsc~~~~~~~~xsl6]~.. .,LT 13

**Re-1854*

7518532_1_ _33612___scs_ T 985 0 13,650 1,488 20 s o
751853 18336411 85 7 LLNL [<1985 16,038 1,487 1 20 *s no
S318.50c 1833640 rmccsa 1V.0 -I968 29.4 9.190 1.1681 20 no DO

7S18 183.3640 cadf60 BVl [1990 [94 102,775 16,719 20 nO * of718732c 1853539l 3 Jc46]l LLNL [(1985 0 12,318 | 1,296 | 20 yes no
|7S 5c 1534971 endlS I L1NL Ic1985 IO 14.769 1 1;295 | 20 I s no
S187Sc} 1S3500 ymccsa B-V.0 [1968 [1 822 959 [ 20 no o

187.60c 185300 endfGO B-V.0 1990 9 96989 15.624 20 no

1700055c 190.56301 mJz5xs 6] T-2 1986 1 300 43.071 3,704 20 no no
Zm=7S=*eee**se$lkinum*e$*r**ss*s$**s*@*****e~s*******$e***ee
*Oft.nat*
780003S 193A1411 mcsa LLNL 1<1985 0 1 5,371 1.497 1 20 n es I no

$*JAu-19744
791973Sc 1952745 endS LLNL 1<1985 0 31,871 3,781 20 yes no
79197SOc 195.2740 endf5p B-V.0 1977 294 139,425 22,632 20 I no I no
79197.Sc 19527401 mccsa T-2 1 1983 294 134,325 17,909 20 Yes no
91973F 195.2740 newxs T-2 194 294 122,482 11,823 30 yes I no

79197.60c 1952740 e 0d B-VI.1 11984 294 161,039 17,724 30 no

182003Sc1205.42001 cndI8S I LLL I <1985j 0 6,639 1 349 1 20 I yes I no I
8200 SOC 2OS43001 nnccs I B-Y.0 .1976 294 .37,633 | 1,346 | 20 | ys I no

82206..c 20001 endf60 I B-VI.O 1 1989 1 294 148,815 12,872 20 1 yes I no
wPb-207'
82207.60c 20520001 ndfW I B-VEl 1 1991 1 294 1 111,750 1 7,524 1 20 1 yes I no

)
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries

ZAMD AWR Ubrary Soure Eval Temp Length WE oev GPD V
Name Date (wrds) (Mev

*$Pb-20872
82208.60cl .19001 endf60 B 1989 1 294 1 70.740 1 SIOS 1 20 1 yes I no

OOBI-209*
832093c 1207.1851 endIS5 LLNL <1985 0 18316 1,303 20 yes no
83209 c 07.1850 en-zBu i. B-V. 1980 294 14,939 1,300 20 yes no

832091c 207.1850 mccs - V B 0 1980 294 13,721 1,186 - 20 yes no
83209.0c 07.1850 endf60 B-VLO 1989 294 100,138 8,427 20 yes no

>9**$ ****eeaeesh. rhoriemase's*ee**e*e**$* *****eses*e*se.***e*e* ****
**Th.230**
90230.60c .06001 ndf60 B-VLO 1 1977 1 294 1 35,155 5,533 1 20 1 no I t

Th-23190
933Sc 9.0S161 endl85 I LLNL 1 <1985 .0 1.9.1S7 1 308 1 20 1 yes I p

*Th-2324*
90232.3Sc 30.0447i cnd185 LLNL <1985 0 56,091 6,169 20 Yes p j

SQ2.50c 04W007 endf5u 3-V.0 1977 294 152,782 17,901 20 b
s90232Sle 30.0400I NMecs B B-V. T1977 1294 11792S 1,062 I 20 b yes b

90232.60c 0.04001 cndf60 13-VI.0 1977 294 127,606 16,381 20 b
'*Th-233*0
9Q3.35c 1231.3961 endIBS I L1NL 1 <1985 1 0 1 9352 1 348 1 20 yes I p

O'Pa231"
91231.60c 29.05001 entflD I B-V.0 1 1977 1 294 1 19,835 2,610 1 20 1 no I b

*'Pa-233**
91233 3c .0383 ene8 LlNtL T < T 0 19,170 11910 20 1 p
91233.50c 231.03801 endf B-V.O 0 1974 294 19,519 7 2,915 20 1 no t
91233.51c 231.03801 cs 7 B-V.0 1 1974 294 ,641 637 20 7 no t
.92" ***'..U***iI * 5*5**5* * ********e ,s *

**U-232__
923_60c 1230.04001 ndf60 L0 1 1977 1 294 1 13,839 1,759 1 20 1 no I b
OOU.233**
9233Sc 1231.03771 endIS I LLNL I<1985 I 0 1 29,674 1 2,924 1 20 I yes J 
9M3.50c 231.0430 zmcs I DV.0 1 1978 1 294 118,815 1 2,293 20 T no I bn
9223.60c 231.0430jendf6O014J1 B-VLO 1 1978 1 294 32226 3,223 1 20 T yes I b
'U-234*4

922343Sc 232.0304 endl85 LLL <T1985 0 8,557 I 2371 20 p y
.50c 2.0300 endfp B-V.O 1978I18T 89,4323 1243F | 20 no 7 t

2.300 19c7s ]JV 197B 294 6,4261 672 20 no t
end60 B-VI.0 1978 294 77,059 10,660 17.5 no b

223.c ;233.02SO nnc B.OV 1977 2941 60,48915,725 120 yes 1W
9M5.52c .025O endmt B-V.O 1977 587 65,286 6,320 20 yes I b
9223SS~c 233.T2SI endf:mI : :V.O 1977 587 1 .36,120 1 2,685 20 es
923 en m 1)o S TamV.O 19771 88 1 36,008 2;671 1 20 yes I b
9223Sc 3.0 en f 0 E VL2 3989 294 289,97 28,110 yes b

92236.3Sc34.1781 endiS LfLL C1985r 0 J 8,699 224 20 j yes _p

92236SOc 1.0180 endfp -V 1978 294 138,715 19,473 1 20 1o t
4.01901 Vr0 i H4 2 7,302 800 1 20 10 t

36.60c 4.01801 endf6D B-YL0 9 294 82,819 10,454 20 10o b
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Table 4.1. Available Continuous-Energy MCNP Cross Section Lfbraries
AED AWR bary Source Eval Temp Length N E. GPD v

Name Date (K) (words) (e'

**U-237*0
9M7.35c .1231 end]5I LNL 198570 1 9.364 353 1 20 P- I
9 7Oc 25.01201 edfp IV.0 1976 294 32,445 3,293 20 y

5.01201 tm I V0 1976 294 110,317 1527 120 yes t

38.21c 6.000 1O0xs3 T2XTI 1989 300 279.245 30,911 100 _______

92233Sc 6.0058 endlS TtL7 <1985 0 27,168 .1,t45. 20 yes p
92SOc 6.0060 unccs _ V___ 19279 294 18,998 9,285 20 yes

92238.52c 36060 endf 5m B-VO 1979 587 123,199 1,454 20 b6 
9853c 36.60 endf mt[l B-V.0 1979 587. 160,107 17,876 20 Yes b

92238J5 260060 nt 1] B..V.0 1979 881 160,971 17,984 20 yes b
92238.60c 36.0060 entKO I3VL2 11993 294 2063221 22,M I 20 b
?U-239*

92239 Sc37.00071 mccsa LLNL 1<1985 0 1 9,809 394 1 20 1 yes I p
**U2-740**
19224.35cP37.99441 tndiSI LLN 119851 0 18,495 218 20 1yes_ 

**Np.235*S
9323535c233.0491 endlS. I LNL 1 <1985 1 0 1 9490 1 364 1 20 1 yes I p
*!p.236*f
9323635c34.01881 endl8S I LL8L 1<1985 0 O 1 8,21 284 1 20 1 yes I p
*Np-2370*

9323735c .0118I endl8S LLNL 1<1985 0 1 20,2251 1,6781 20 I yes I p 
93237.S0c I .01201 endf5p I .0 1978 1294 63,223 I,319 20 no t
93237.55c 15.01201 mccsa T-2 1 1984 7294 32,558 I 1,682 T 20 I no T b
93237.0cG 5.0118 endf6O B-VI 1990 294 105,10 7,21T 20 es T b
*Np-238**
9323835c 236.00601 end18 I -LUL. 51985 0 O 1 8,878 1 282 1 20 1 yes I
*NP-2399* * -

93239.60c 236.99901 60 B-V.0 1988 1 294 7,406 5 562 1 20 I no I t
m9S*"e*asss*pj~fljit=********Sss***********$$***********e

**Pu-236'*
4236.6c34.01801 cuM I B-VLO 119781 294 1 33,448 4,610 1 20 _ no I t

**Pu-237**
14237.35cI235.01201 aidl8S LLNL 1(19851 0 r 11,300 1 202 1 20 1 Ys I P

237.60c 235.01201 endfti B-VLO 119781 294 1 3,524 1 257 20 _ no I t
l'u-238$'
9238Sc 236.0046 endl8S N 1985 0 [15,619 958 20 y

94238.S0c 2361 61 Ien j B- O 19781 294 18,763 2,301 20 1 no 1 t
238.51c 236.167 mccs B- 19781 294 6,067 537 20 no ) t

94238.60c 236 ef B-VA JI8 | 294 [29,04 3,753 20 |no | b 
'*PU-239*8
94239.SOc 36.9990 endf5p B-V.0 119761 294 1 74,049 7,809 l 20 1 yes I b
9423 _ 6.9990 rmccs B-V.2 119831 294 1102,0991 10,318 20 1 yes b

9.60c 236.9986 endf60 lBVL2 19931 294 1283,354 26,847 1 20 I yes I
*PU-24D**'
9250 c 7.99201 mccs I B-V.0- * 19771 294 5 58,917 1 U49 1 20 I yes I b
194240.0c 37.99201 endf60 I B-VL2 119861 294 1133,0711 15,676 1 20 1 yes I b I

*'Pu-241'

BODOOOO-01717-S70500099 REV 00 19 Jume 3, 99



Table 4-1. Avlable Continuous-Energy MCNP Cross Section Libraries

FWD AVWR y Source WU Temp length ? O ) GPD V |

19424135C W3U.9360 cnO8S LLNL 1985 0 8.44 257 20 I yes p
-- .� �r�-4 - -- � I -- 4 I -

1942415UC 1239710 enmd5p U-V.U 119771 294 1 3.001 1 3.744 1 20 ys b
9424 SiC 8.97801 n j B-V.0 119771 294 113403 623 1 20 - . I b

8.97801 endf60 I B-VLI 1988 294 76,453 8112 | 20 . b

*Pu2*
-944235c1299793 endi8S LLL 19831 0 21,159 1,724 20 yes n........
94242.SOc 9.9790 entfSp J DpV. O 1978 294 71,429 7A636 20 ye b
9[42425c1399790 mc V0 j1I7f 294 15,702 728 20 yes b

9424260c 1239.9790 entK0 V B-YV0 i T9-7 294 ! 73,725 7,896 20 Ys
1-*Pu.2430* ~

194243.3SC 1240.974U1 Pdl I LLNL I19S1 0 1 10,763 1 4 1 20 I yes I p I
20 1, yes I t I-194243.60c 1240.97401 cndf6O I B-VL2 119761 294 1 45,142 4,452 

*$P-244*S
194244.60c 241.96801 endf6O I B-VLO 11978 1 294 1 23,654 3,695 I 20 I no I t -1

**Am-241'*
9524135c 23endl8S cI0 FI8'1985 25,290 1 ,982 20 Yes
95241.50c 238.9860 en f u DV0 1978 294 42,084 4,420 20 t
95241.5c 238.9860 mi 19 294 12,374 713 20 t e t
9S241.60c 23.9860 entf60 T-2 1994 300 168,924 13,556 30 Ys T
*JAi-242n SO*

95242.35c 9.98011 enilS I LLNL 1 <1985 1 O 1 20,908-1 1,817 1T 20 - ys Ip1
9S2425Wc p9.9800 endfu B-V.0 1 1978 1 294 1 8,593 323 20 1 yes _t_

95242Slc 123 98001 nncs B-V0 1 1978 1 294 1 8,502 1 317 1 20 1 yes t
Amn-243~ ___

95243.35c 1240.97331 endI85 LLNL 1<1985 1 39,400 4,093 .20 yes I p .
95243.50c 0.9730 eni B-V.0 1 1978 294 92,01 5 11,921 20 I yes I t I
95243.51c 240.9730 nncs B-V.0 119781 294 13,684 757 20 T ye I t I
9S24360c .90730 endf6O ] B-VL0 1 1988 29 104W,257 1,984 -i20 1 Bs § -

Z-6*****.. Sll* *********5***5* *******"I* **** * -

196241.60c 123.98701 endf6 I 34i.0 1 78 1 294 1 3.132 278 j 20 1no
-* *

96242 Sc 9.9794 end I LLNL <1985 1 21,653 1 1891 1 20 I yes I P I
96242.SOc t39.9790j cndfu | B-V.O 1-1978 1 294 1 30,897 3,113 | 20 yes | -t |
96242lc 1239.9790I ' i rm BV.0 1 1978 1 294 1 9,767 1 472 1 20 1 yes I t 

I 96242A0c 139.97901 endf6o BUVN.I 1978 1 294 34.374 3.544 20 Yes b
4 I - A I - &

*'CM-243ww
19624335C 240.9M331 end 5 I LLNL I <1985 1 0 1 21.57 1 1880 I 20 Yes I a

96243.60c240.7301 endfW 1 B-VLO 1 1978 1 294 1 18,860 1,445 1 20 Liys 1g t
**CQn.244

5
*_ __ _ ___ _ _

96;2443c 4196611 endIS LLNL <1985 0 21,196 1,815 20 yes P

9624450c124196CO cn u - BV.0 1978 294 45,991 4,919 20 Yes t

964Sic 1.6 mcc B-V.0 1978 1 566 120 yes II
962 .0c 4.9660 enf6o BVYO 19-7 29S3,0 N824 2 1 ys'

$a-24S5'
9624535c1242.96021 ndIBS5 I LLNL 1 <1985 0 24,128 1 230 20 1 ye I p

1 9624560c 42.96001 end10 IB3-VL2 1 979 1 294 29,535 1 2,636 1 20 1 yes I b
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Table 4-1. Available Continuous-Energy MCNP Cross Section Libraries
Z AID AWR Ubrar r Eval Temp Lngth NE &E GPD VF W~~ame Date (K) (words) (Kel

196~I243.9S34 ds L1 L <1985 0 1 12,489.1 711 1 20 1 P
j§6~ 243.95301 ed6 B-V2 1 1976 294 37,948 3,311 20 - t

gG2473Scl244 .9479 Endl85 LLNL <1985 0 20,26S 1,654 20
96247.c244.9S00 f I0 B-VL2 1 1976 294 38,800 3,679 20 t

-9624835c1245.94131 endISS I LLNL 1<19851 0 18,178 1 1,42 20' yes 
96248.60c 45.9410 endf60 I -VLO 1 1978 294 83,452 9,706 20 t

ta97$e*$******! im ****************$ **** **$*****S*#******* ***

*$Bk-2490
972493Sc 246.93531 endISS I LLNL 1 <198 I 0 111,783 1 633 1 20 I yes I p

97249.0c 2.94001 endfSO B IX 1 1986 294 50,503 5;268 20 1 no I b

*'Cf.249*'
* 8249Sc 246.9352 endl8S ILL 1 <1985 O 1 28,053 I 2,659 20 II

982 9.6c 246.94001 endf60 B-VLXTM 1989 1 294 1 41,271 1 4,329 1 20 I no I

98250.35c 47.9281 enI 85 LllNL 1 <1985 1 0 1 10,417 1 457 1 20 1 yes p
982S0.60c 4792801 endf0 I L2 1 1976 1 294 147,758 5,554 1 20 1 yes I t
*Cf-251

1982513Sc 48.9227 endlS I LLNL I <1985 0 110,969 5 516 1 20 1 yes I p
198251.60c 8.92301 end160 13-VL2 1 1976 294 142,817 4,226 20 1 yes I b
**Cf252*
1982U235c 49.91611 "85 I LLNL 1 <1985 0 O 117,908 1 1,535 20 1 ya I

82SL 60c 9.91601 cndf60 I l-VL2 1 1976 294 149,204 5,250 1 20 1 yes I bR 7

Special Notes (pp. G-29 and 0-30, ReE 1):

Note 1: The data libraries previously known as EPRIXS and U600K are now a part of the data
library ENDFST. (Affected cross section libraries: 1001.53c, S010.53c, 8016.53c,
8016.54c, 54135.3Oc, S4135.S3c, 5413S.S4c, 9223.52c, 92235.53c, 92235.54c,
92238.52c, 92238.53c, 92238.54c)

Note 2: Data tanslated to ENDFAB-VI format with some modifications by LANL (Affected
cross section lbrry: 1002.60c)

Note 3: The lOOXS data library contains data for 9 nuclides up to 100 MeV. Heating numbers on
this data Hbray are known to be incorrect, overestimating the energy deposition.
(Affected cross section libraries: 4009.21c, 6012.21c, 8016.21c, 13027.21c, 1400021c,
20040.21c, 26000.21c, 7400021c, 92238.21c)

Note 4: Ihe natural carbon data 6000.50c are repeated here with the ZAID of 6012.SOc for the
user's convenience. Both are based on the natural carbon ENDFB-V.O evaluation.
(Affected cross section hIrary. 6012.50c)
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Note 5: The data libraries peously known as ARKRC, GD2P, IRNAT, MISCXS, TM169,
and I2DDC are now part of the data library MSCSXS. (Affected cross section libray.
6012.50c)

Note 6: Photon production data were added to the existing ENDF evaluation in 1984. A complete
new evaluation ws performed in 1986. (Affected cross section libraries: 18000.59
35079.55c, 35081.55c, 36082.59c, 36083.59c, 36084.59; 36086.59; 37085.55c,
37087SR 39089.35c, 4DOOD.56; 40000.57; 4D000.Sgc, 53127.55; 55133.55c,
64152.55c, 64154.55c, 64155.55c, 64156.55c, 64157.55c, 6415855c, 64160.55;
69169.55c, 75185.32c, 75187.32c, 77000.55c)

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

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

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

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

4000050c EMCCS 40000.56c misc5xs
40000.51c endf5p 40000.57c miscSxs
40000.S3c eprbm 40000.58c miseCSs

Note I1:Wsnoteis notreferenced inTable 4.1.

Note 12: The LANLtr-2 evaluation fOr 1-127 was accepted for ENDFIB-VL2 with
modifications. These data are processed fiom the origil LANLfr-2 evaluation.
(Affected cross section hlry: 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 I MeV. (Affected cross
section libraries: 64152.55c, 64154.55c, 64155.55c, 64156.55, 64157.55c, 6415855c,
64160.55c)

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

Ihe comparison of the available continuous-energy cross section libraries documented in this
report consisted of comparing the graphical representation ofthe various cross section libraries.
A total of 757 plots were generated to compare the ACE fornat 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 In hanged Format ((IF) on the attached CD-ROM
identfied as Attachment L Ihe filenames for the various cross section plots contained on the
CD-ROM follow the format *p#.glf', 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
1he constnt isotopic cross section libraries were available for a given clement, a coparion
plot was made for the natural cross section and isotopic representation of the naiual 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 S.1 through S.6, as an example of the tMes 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 (p. B-10 through B-19, Re£ I). The various crots section plots were generated using
the following MCNP input deck:

Nodi
C
C
C
C
C
C
C
1
2
3
4
5
6
7
0
3
10
11
12
13
14
15
16
17
is
19

eI for Cross Section Plotting

This model used solely fr cross section plotting.
The cross section plots for the AP-3-S technical
report entitled 'Selection of CUP Cross Section
Libraries' are generated using this model as a source.

Geometry Specifications
1 -1.0 -1 Dms(:-1 S Sphere containing all cross section libraries
2 -1.0 +1 -2 3Pi3-l 6 Spherical shell containing natural Cr
3 -1.0 +2 -3 2HPsff-l $ Spherical shell containing natural re
4 -1.0 +3 -4 ZHP2s-1 S Spherical shell containing natural Ni
S -1.0 +4 -5 23(3:-1 $ Spherical shell containing natural Cu
6 -1.0 +5 -6 2HPi1-1 $ Spherical shell containing natural Ag
7 -1.0 +6 -7 2HUP1-1 $ Spherical shell containing natural Age -1.0 +7 -e Z3(PS-1 $ Spherical shell containing natural Ag
9 -1.0 48 -9 W:N-21 6 Spherical shell containing natural Eu

10 -1.0 +9 -10 2N3s:-1 $ pherical shell containing natural u
11 -1.0 +10 -11 1MV:1-1 8 Spherical shell containing natural Eu

.12 -1.0 +11 -12. 2M's-1 8 Spherical shell containing natural Cd
13 -1.0 +12 -13 12P:N-1 $ Spherical shell containing natural Cd
14 -1.0. +13 -14 DWH-I 6 Spherical shell containing natural Gd
15 -1.0 414 -15 V1:V-1 $ Spherical shell containing natural W
16 -1.0 415 -16 *MPs:-1 t Spherical shell containing natural W
17 -1.0 +16 -17 D3:-1 S Spherical shell containing natural N
18 -1.0 +17 -18 SMPsE-l. t Spherical shell containing natural lb
0 418 211:-0 6 Zero iportance region

C Surface Specifications
S So I
2 80 2
3 80 3
4 s0 4
5 so 5
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6
7
a
9
10
11
12
13
14
15
16
17
is

C
Hi

so
so
so
so
so
so
50
50
so
so
so
SO
sO

6
7

9
10
11
12
13
14
15
16
17
18

materiel pecifLcations
1001.35C -100
1001.50c -100
1001.53c -100
1001.60c -100
1002.3Sc -100
1002.50c -100
1002.55c -100
1002.63c -100
1003.3Sc -100
1003.5C -100
1003.60C -100
2003.35c -100
2003.Sc -100
2003.6Cc -100
2004.35c -100
2004.SCc -100
2004.60c -100
3006.50c -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
5010.5Cc -100
S010.53c -100
5010.60c -100
5011.35c -100
5011.Sc -100
5011.5Sc -100
5011.56c -100
5011.6Cc -100
6000.50c -100
6000.60c -100
6012.21e -100
6012.3Sc -100
6012.50c -100-
6013#35c -100
7014.50c -100
7014.60c -100
7015.5Sc -100
7015.60c -100
0016.21c -100
801C6.35c -100
8016.50C -100
8016.53c -100
8016.54c -100
8016.6Cc -100
9017.60c -100
909.3S -100
9019.50c -100
9019.S1c -100
9013.60c -100
11023.35c -100
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11023.50c
11023.Sle
11023.60c
12000.35c
12000.SCc
12000.51c
12000.60c
13027.22c
13027.35c
13027.SCc
13027.60c
14000.21c
14000.35c
14000.50c
14000.31e
14000.60C
15031.35c
15031.50c
15031.Slc
15031.6Cc
16000.60c
16032.35c
16032.S0c
lC032.Slc
16032.60c
17000.35c
17000.50c
17000.51c
17000.60c
1e000.3sc
1Coo0.s9c
19000.35c
19000.50c
19000.Slc
19000.60c
20000.35c
20000.SOc
20000.Slc
20000.60c
20040.21c
2104S.6c
22000.35c
22000.50c
22000.51c
22000.60c
23000.5c
23000.Slc
23000.6Cc
24000.35c
24000.50c
24050.60c
24052.60c
24053.60c
24054.60c
25055.35c
25055.50c
255S.Slc
25055.60c
26000.21c
26000.35c
26000.SOc
26000.5c
26054.60c
26056.60c
260S7.60c
26058.60c
27059.3Sc
27059.50c
270S.Slc
270S9.60c
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
-200
-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

. ..

. .

' :' '
- -,,i

. . .
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23058.3sc -100
26055.60C -100
25060.60c -100
2061.60c -100
28062.60c -100
28064.60c -100
29000.3Sc -100
29000.5Cc -100
29063.60c -100
29065.60c -100
31000.3Sc -100
31000.50c -100
31000.60C -100
33074.3Sc -100
33075.3Sc -100
35079.55c -100
35081.55c -100
36071.Sc -100
36080.5Cc -100
36082.5Cc -100
36092.S9c -100
360E3.SOc -100
36083.Sc -100
36084.5Cc -100
36084.59c -100
36086.Sc -100
36086.59c -100
3709S.SSc -100
37087.SSc -100
39088.35c -100
39069.35c -100
39069.SOc -100
39089.60c -100
40000.35c -100
40000.S6c -100
40000.57c -100
40000.58c -100
40000.60c -100
40093.50c -100
41093.35c -100
41093.SCc -100
41093.51c -100
41093.60c -100
42000.35c -100
42000.50c -100
42000.Slc -100
42000.60c -100
42095.5c -100
43099.Sc -100
43099.60c -100
44101.50c -l00
44103.5Cc -100
45103.5Cc -100
45105.Sc -100

* 45117.3Cc -100 :
46105.5C -100
*46108.5Cc -100
46119.3Cc -100
47000.5c -o
47107.3Sc -100
47107.50c -100
47107.60c -100
47109.3c j-100
47109.50c -100
47109.60c -100
48000.35c -100
48000.5Cc -100
48000.Slc -100
49000.60c -100
50000.35c -100
53127.55c -100

. i .
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S3127.60c -100
S3129.60c -100
5313S.Sc -100
64000.3c -100
54131.5Cc -100
54134.35c -100
54135.5Cc -100
54135.S3c -100
54135.54c -100
55133.50c -100
S5133.SSc -100
55133.60c -100
55134.60c -100
55135.Sc -100
55135.60c -100
55136.60c -100
SS137.60c -100
56138.35c -100
56138.50c -100
56138.60c -100
59141.50c -100
60143.50c -100
60145.50c -100
60147.50c -100
60148.SOc -100
61147.50c -100
61141.5Cc -100
61149.50c -100
62147.50c -100
62149.5Cc -100.
62150.5c -100
62151.Sc -100
62152.5Cc -100
63000.35c -100
63151.50c -100
63151.55c -100
631S1.60c -100
63152.5Cc -100
63153.5Cc -100
631S3.SSc -100
63153.60c -100
63154.50c -100
6315S.50c -100
64000.35c -100
64152.50c -100
64152.S~c -100
64152.60c -100
64154.50c -100
64154.5SC -100
64154.60c -100
6415S.50c -100
64155.SSc -100
64155.6Cc -100
64156.50c -100
641S6.SSc -100
64156.60c -100
64157.SCc -100
64157.55c -100
641S7.60c -100
64158.50c -100
641S8.55c -100
64158.6cc -100
64160.50c -100
64160.SSc -100
64160.6Cc -100
67165.35c -100
67165.SSc -100
67165.60c -100
69169.55c -100
72000.35c -100
72000.5Cc -100
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72000.60c -100
73191.35e -100
73181.Sc -100
731el.51c -100
73181.60C -100
73182.60c -100
74000.21c -100
74000.Sc -100
74152.5Cc -100
74102.55c -100
74162.60c -100
74153.50c -100
74183.55c -100
74163.60c -100
74184.50c -100
74104.55c -100
74104.6Cc -100
74186.50C -100
74186.55c -100
74116.60C -100
75185.32c -100
75185.35c -100
75185.5C -100
75185.60c -100
75187.32C -100
75187.35c -100
75187.Sc -100
7517.60c -100
77000.SSc -100
78000.35c -100
79197.35c -100
79197.50c -100
79197.SSc -100
79137.56C -100
79197.60c -100
62000.35c -100
82000.Sc -100
82206.60c -100
02207.60c -100
62208.60c -100
83209.35c -100
83209.50c -100
83209.51c -100
83209.60c -100
90230.60C -100
90231.35c -100
90232.35c -100
90232.50c -100
90232.51c -100
90232.60c -100
90233.35c -100
91231.60C -100
91213.35C -100
91233.50C -100
91233.Slc -100
92232.60c -100
92233.3Sc -100
92233.50c -100
92233.60C -100
92234.35c -100
92234.50c -100
92234.Slc -100
92234.60C -100
92235.Sc -100
92235.52c -100
92235.S3c -100
92235.54c -100
.92235.60c -100
92236.35c -100
92236.5Cc -100
92236.51c -100
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92236.60c '-100
92237.3Sc -100
92237.50c -100

- 92237.51c -100
92238.21c -100
92238.35c -100
92238.SCc -100
92238.52c -100
92238.53c -100
92238.54c -100
92238.60c -100
92239.35c -100
92240.35c -100
9323S.35c -100
93236.3Sc -100
93237.35c -100
93237.5c -100
93237.S5c -100
93237.60c. -100
93238.35c -100
93239.60c -100
94236.60c -100
94238.35c -100
94237.60c -100
94238.35c -100
94238.50c -100
94238;55c -100
94238.60c -100
94239.50c -100
94239.6Uc -100
94239.60c -100
94240.50c -100
94240.60c -100
94241.35c -100
94241.SOc -100
94241.Slc -100
94241.60c -100
94242.3Sc -100
94242.50c -100
94242.61c -100
94242.6Cc -100
94243.35c -100
94243.6Cc -100
94241.60c -100
9S241.3Sc -100
95241.35c -100
95241.5C -100
95242.60c -100
95242.35c -100
95242.5Cc -100
5242.S1c -100
95243.35c -100
95243.60C -100
95243.Slc -100
9S243.60c -100
96241.60c -10
96242.35c -100
96242.SOc -100
96242.61c -100
96242.60c -100
96243.35c -100
96243.60c -100
96244.35c -100
96244.3Sc -100
96244.51c -100 
96244.60c .--100
9624S.3Sc -:100
96245.60c -100
96246.35c -100
96246.60c -100
96247.3Sc -100
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96247.60c
36248.35c
96248.60c
97249.35c
97249.60c
98249.35c
98249.60c
98250.35c
98250.60c
98251.35c
98251.60c
98252.35c
98252.60c

N2 24050.60c
24052.60c
24053.60c
24054.60c

H3 26054.60c
26056.60c
260S7.60c
26058.60c

H4 28058.60c
2E060.60c
28061.60c
28062.60c
28064.60c

N5 29063.60c
29065.60c

16 47107.60c
47109.60c

17 47107.35c
47109.35c

3s 47107.50c
47109.50c

39 6315l.60c
631S3.60c

10 6315l.50c
63153.50c

M11 631Sl.55c
631S3.55c

M12 64152.60c
64154.60c
641SS.63c
64156.60c
64157.60c
64158.60c
64160.60c

13 64152.50c
64154.50c
64155.50c
64156.50c
64157.50c
64158.50c
64160.50c

314 64152.S5c
64154.5Sc
64155.55c
64156.55c
64157.55c
64158.55c
64160.55c

M1S 74182.60c
74183.60c
74184.60c
74186.60c

N16 74182.SOc
74103.SOc
74184.50c
74186.5Cc

317 74182.55c
74183.55c

-100
-100
-100
-100
-100
-100
-100.
-100
-100
-100
-100
-100
-100
-4.173708 S Natural Cr Using ENDF/S-VX Cross Section Libraries
-83.7002S4
-9.672640
-2.453398
-5.698034 $ Natural Fe Using ENDF/-VI Cross Section Libraries
-91.869632
-2.141054
-0.290481
-67.394713 C Natural Vi Using ENDF/B-V Cross Section Libraries
-26.652659
-1.173193
-3.768185
-0.991250
-68.49944 Natural Cu Using CEDF/Z-VZ Cross Section Libraries
-31.500559
-51.376290 $ Natural ag Using ZNDr/Z-VZ Cross Section Lbraries (endf6C2)
-48.623710
-S1.376290 $ Natural Ag Using CNML Cross ection Libraries endlSS2)
-48.623710

*-S1.376290 $ Natural Ag gsing WNDF/2-V Cross Section Libraries (iccsa2)
-49.623710
-47.471252 5 Natural Cu Using ENDF/-VI Cross Section Libraries endf602)
-52.528740
-47.471252 $ Natural E Using zNDF/z-V Cross ection Libraries (rmeca2)
-S2.528748
-47.471252 C Natural Ea Using ENDFJ/-V Cross Section Libraries newxs2)
-52.528743
-0.193219 Natural Cd Using ENDYDB-VI Cross Section Libraries endf 602)
-2.133824
-14.5e0782
-20.296917
-15.617353
-24.946090
-22.231825
-0.193219 natural Gd Using VDF/B-V Cross Section Libraries endfsu2l
-2.133124
-14 580782
-20.296917
-15.617353
-24.946080
-22.231825
-0.193219 Natural d Using ENDF/3-V Cross Sectlon Libraries (Ilsc5xs2)
-2.133824
-14.580782
-20.296917
-15.617353
-24.946090
-22.231825
-26.027729 t Natural V Using ENDF/h-VZ Cross Section Libraries endfG02)
-14.209725
-30.835720
-28.926e27
-26.027729 t Natural V Using ENDFS-V Cross Section Libraries endf5p2)
-14.209725
-30.835720
-28.926827
-26.027729 $ Natural W Using ENDF/B-V Cross Section Libraries mnccsa2)
-14.209725

BOOOOOOO01717-5705.00099 REV 00 3 Ame 30,1998



74194.5Sc
74106.55c

MS 42206.60c
62207.60c
62208.S6c

-30.635720
-29.926827
-23.948519 $ atural lb Using EWDF/-VI Cross Section Libraries endf602)
-22.068637
-S3.982844

C
C rake ontrol specifications
MODE 
KOD 100 1 a 100
KSRC 0 0 0
PMUNS -128

The natural compositions for material numbers M2 through M8 in the MCNP input deck
presented above were calculated using Equations 5.1 and 52 and the data presened in Tables 5.1
through 5.9. The atomic weight ratio values for the various isotopes in Tables 5.1 through 5.9
were obted from thexsdir file used by MCNP (p. F-2, Ref. I and p. M-3, Re ). The atom
percent in nature of the various isotopes in Tables 5.1 trough 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 S.1 through 5.9 are a finction of the calculations and
should not be interpreted as a reflection of accuracy.

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

X r(Atomic Weight Ratio of Isotopej +
Atomic Weight Ratio of Element in Nature = 2 (

hL(Atom Percent of sotope in Natur

where I is the total number of isotopes composing the element in Its natual state.

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

rIsotopic Weight Perce 1
in Elemental Composition

I(AomcWeight Ratio of Isotope)* 1
(Atom Percent of Isotope in Nature)]

(Atomic Weight Ratio of Element in Nature)

Table 5-1. Data for Isotopic Representation of Natural Chromium
ElementorIsotope |AtomicWelghtiRatio Atom % In Nature Weight % In Nature

Cr-SO 49.5170 4345 4.173708
0-52 5IA940 83.79 83.700254
Cr-53 52A860 9.50 9.672640
0r-54 53A760 2365 2A53398

or(naturu I 51.549214 100 100

Table 5-2. Data for Isotopic Representation of Natal Iron
Dementorsotope AtomicWelgt Ratio AtomIn Nature Welght % n Nature

Fe-54 53A4760 5.9 5.693834
Fe-56 555M40 91.72 91.869632
Fe-57 56A460 2.1 2.141054
Fe-58 57.4360 028. 0290481

Fe (natural) 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 57A30 6S.7 67394713
Ni-60 59A160 26.10 26.652659
Ni-61 60A080 1.13 1.173193
N62 613960 3.59 3.78815
Ni-64 633790 0.91 0.991250

Ni (natral) 58.183974 100 100

Table 54. Datafor Isotopic Representation of Natural Copper
Element or Isotope Atomic Weight Ra1o Atom % In Nature Weight . In Nature

Ca63 62.3890 69.17 68.A99441
Cu65 64a3700 30.83 31.500559

CQ (natral) 62.999742 100 100

Table S-5. Data for Isotopic Representation of Natural Silver
Elemt or Isotope Atomic Weight Rato Atom% In Nature Welght % In Nature

A F- 07 105.9870 . 51.839 51.376290 1
Ag-!09 1079690 49.161 48.623710

Ag(nal) 106.941551 100 100

Table S- Data for Isotopic Representation of Natural Europium
ementorIsotope Atomic WeIht Ratio Atom % n Nature Weight % In Nature

E-lSI 149.6230 _ 47.8 47A71252
Eu-153 51.6080 52.2 52.528748

Eu (=au1) 150.659170 100 100

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

_________________' _ 150.6150 020 0.193219
d- S4 152.5990 2.18 2.133824
d-1SS 153.5920 14.80 14.S80782

G156 154.5830 . 20.47 20296917
Gd-1S7 155.5760 15.65 15.617353
&5i8 156.5670 24.84 24.946080
3d-160 158.5530 -21.86 22231825

Od OMUVI155.901217 100 100

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

The at=m Vs n natur of
W-180 c-ossSectonLftnyy 0.12 W-10wasaddedtDthe

Not Available W-184aknn % iat=
W-12 1803900 263 26.027729
W-193. 1813800 1428 14209725
.W-.184 . 1823700 30.7 30.835720
W-186 1843600 28.6 28.9268

W (natund) 182277028 100 100
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Table 5-9. Data for Isotopic Representtion of Natural Lead
Element orsotope Atomic Weight Ratio Atom %/ n Nature Weight % In Nature

Cross tiTe atom % natre o
Pb4204 1A Pb-204 was added to the

Not Avallable Pb-208 atm % in nature.

Pb-206 2042000 24.1 23.948519
Pb-207 2052000 221 22.068637
Pb-208 206.1900 52.4 53982844

Pb (natuval) 205A91620 100 100

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

H-1 Elastic Scattering Total I
H-l Total Absorptionl. Toial 12
H-2 1__cb gTotal T_3
H-2 Toiapon _ _Toial T4
H-3 Elastic ____Total T6s
Hle-3 _asdc_________

Hv-3 ___ a_ Total £7
He-4 Elasmc Scan ToWa
LI-6 - -T __ ___ __ __TOWa 

L-6 Total Abs Total 10
IA-7 E_c Scatering Total II
L7 Toi W bsorption Tal2
Be-7 Elsc S i Total 13
Bo-7 Total Abson To 14
Be-9 lcitering Total is
Be- TOW Absrton Total 16
B-10 Elstic Scattering Total 17
B-10 Elastic Scattering O.l to SOQ0Mev Is
B-10 TOW sorption Total 19
B-10 TalAbsorpton 0.7 to 50.0 MeV 20
B-1I ac cattering ToW 21
B-11 scatring 0.01 to 20.0 MefV 22
B- l-Tow Absorption Total 23
B-l TO Absorpion 0.Ol to 20.0 MeV 24

C (natinal) E eSeti aeiig Total 2S
C (Uatural) Elastic Scattering 1.0 to 20 MeV 26
C (naturl) Totl on Total 27

;C U!!al). Total Absoption 5.0 to 20.0 MeV 28
_12 - . stc Scattering Total 29
C-12 Elaslc Scattering 1.Oto2O.OMeV 30
C-12 TotalsA on Total 31

C oa It: C-12 Elasic Scatering Total 32
C n C _12 Easic Scaterig 1.0 to 20.0 MeV 33

C lC-12 . =p Total 34
TotalAbsorpiion 1.0 120.0 MeV 35

C-13 Elastic Scattering Total 36
C-13 TOWAbs Total 37
N-14 Elasc Scatring Total 38
N-14 Elastic Scattering 0. ito24.0 MeV 39
N-14 Total Absorption Total 40
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Q.
Table 5-10. MCNP Continuous-Energy Cross Section Plot Index

Element or lisotope Neutron ReacUon Enery Range PotNumbere
.7 N-14 Total Absorption 0.1 to 20.0 MeY 41

N-IS Elastic Scattering Total 42
N-is Elastic Scatng 1.0to 20.0 MeV 43
N-IS Total Absorption Total 44
0-16 Elastic Scattering Total 45
0-16 Elastic Scattering 03 to 20.0 McV 46
0-16 Tolal Total 47
0-16 Total Absorpiion 2.0to 20.0 MeV 48
0-17 Elastc Total 49
0-17 Total A ______Total 50
F-19 Elastic Total 50
*F-19 Elastic Scteig0.01 to 20.0 MeV 52
F-19 T asoetc Total 53
F-19 0.01 to 20.0 MeV 54

Na-23 Elastic Scattering TOal SS
Na-23 Elastic Scatterig 0.001 to 20.0 MeV 56
Na-23 Total Absorption Total 57
Na-23 Total on 0.001 to 20.0 MeV 58
(a9w~ Elastic Scattcring Total 59

- 9 FEScaring 0.01 to 20.0 MeY 60
M( J)Total Absorption Total 61
Totalbsop 0.01 to 20.0 MeV 62

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Ehsiic_ _ _ __Sca _ Total 63

AI-27 Esti cattering 03 to 20.0 Me 64
AI-27 Total Abs Total 65

Si~ Z InaIal) Ekistic STotal 66
Si tnal) Elastic Scatering 0.005 to 20.0 MeY 67
Si (atura) TTo Absortion tal 68
Si Tatal Absrpiiion 0.001 to 20.0 MeV 69

P-31 Elastic Scattering Total 70
P-31 Elastic S0atterg O.002 to 20. MeV 71
P-31 Totl Abs on Total 72
P-31 . TotalAbso2pbon 0.1 to20.OMeV 73

S ZnI Elsti Seaitring Total 74
S Tolal Absar~ton Total 75

5-32 Elastic Scatterig Total 76
S-32 Ehstic Scat 0.01 to 20.0 MeV 77
S-32 Total 78
S-32 Total Aspi 0.01 to 20.0 MeV 79

S (aml S-32 Elasticattering Total 80
S _ namal) &S Elst32 Scattering 0.01 to 20.0MeV 81
S (naturl) &S-32 Total 8p T
S (nawrwa)& Se2 TOtl !tiot n 0.01 to20. OMeV 83

Cat ral) Elsti__ Sc__g . Total S4

- Lna( . Elastic Scattering L.OE-4 to2.0 MeV S
Cl (natma Total Mboron Total 86

Ar~natm9 E~astic Scaiierig -ToWa 97
Ay (naura) Total Mrphn Total .8
K (ar) Elaslic Scaiiern otal 9
K ( ) Elashc Sca 0.001 to lo. MeV 90
K (natural) Total Absortion Total 91
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Etement or Isotope Neutron Reaction Energy Range Plot Number'

____Ca ( _a _l) _ Elastic Sca=rg Total 92
Cs (natual) Elastc Scattering 0.01 to 20.0 McV 93
Ca (natural) § Totl A Toal 94
7 Ca(natural) [ Toia Absmptin 0.001 to20.0 MeV 95

Ca-40 Esc Sattef 7 Total 279
Ca-40 Total Absorton T Toisl 280
Sc-4S Elastic Scattering Total 96
Sc-45 Elastic Scattering 0.001 to 02 MeV 97
- -~ Sc-4 ToS on 7 Total | 98

Sco45 ToW Abso0.0on 0JO01 to 02 McV 99
Ti (natral) caeing Total 100
.Ti(nta) ElasicS0.002 to 0.3 Me 101
Ti-(natural) Total Absoifon Total 102

Total Absotpoion 0.O2o 03 MeV 103
v Elastic Scaering Total4
V _________ Elastic Scattering 0.001 to 20.0 MeV 105

(natuiral) Total J on Total- 106
V (nauiu) Totl Absorption 0.O1 to MeV 107
Cr (natural) __Elastic Sca _n Total 108

CS(arn)Sct erig 0.01 to 5.0 MeV 109

______ _C_ T_oon_ _ Tatal 110

Cr (al) TotalAbsorption 0.001 to 2.0 MeV 111
Crsotopic Cross Sections
In Natural Composition & Elastic Scattering Total 112
Natural Cr Cross Sections 
Cr Isotopic Cross Sections
in Nattual Conposition & Eastic Scerg LOE4 to 0.1 MeV 113
Natural Cr Cross Sections __

cr hotopic cross Sections
In Natural Composition & Eastic Scattering 0.1 to 1.0 MeV 114

Natural Cr Cross Sections
Cr Isotopic Crss Sections
t Natual Compostion & ElasticScatering. 1.0 to 20.0 MeV 115
Natual Cr Cross Sections ._.
Cr Isoopic Cross Sections
fn Natural Composition & Total Absorption Totl 116
Natural Cr Cross Sections .

Cr Isotopic Cross Sections
InNatUralComposltion & TotalAbsWtion 0.001 toO.0I MeV 117
Natural Cr Cross Sections :

Cr Isotopic Cross Sections
fnNatural Composition & TotalAbsoption 0. to 1.0 MeV 118
Natural Cr Cross Sections .

Cr Isotopic Cross Sections
In Natural Composition & TotalAbsorption 1.0 to 20.0 MeV 119
Natural Cr Cross Sections ._._.

Mn.55 Elastic Scattering Total 120
Mn-S Elastic Scattering - .OE-4 to 0.01 MeV 121

Mn-55 Elastic Scattering 0.01 to 10.0 MeV 122

Man-S5 Total Absorption Total 123
Mn-SS Totaso n LOEB4to0.0I MeV 124

Mn-SS Absoiption 0.01 to 0.2 MeY 125
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope * I Neutron Reaction EnergyRange Plot Numbee

Elastic Scattering Total 126
Elastic Scteig0.001 to 0.1 MeY 127
Elastic Sca g 0.1 to 1.0 MeV 128

Fc_____ __________ Elastic Scattering 1.0 to 10.0 MeV 129
Fe ( )Total Total 130
Fe (nasiF) Tota om 1.OE-4 to 0.01 MeV 131
Fe_ Total Abs2tusn 0.01 to 0.1 MeV 132
FeaD * Total Absotion O;lto1MeV 133

Be Iso~pic Cross Seciaons
in Natural Composition & Elastic Scattering TOal 134
Natul Fe Cross Sections ._.
Fe Isotopic Cross Sections
In Natural Composition & Elastic Scattering 0.001 to O.1 MeV 13S
Natural Fe Cross Sections 
Fe Isotopic Cross Sections
i Natural Composition & Elastic Scattering 0.1 to 1.0 MeV 136
Natr Fe Cross Sections 
Fe isotopic Cross Sections
hI Natural Composition & Elastic Scattering 1.0 to 10.0 MeV 137
Natual Fe Cross Sections
Fe Isotopic Cross Sections
la Natural Composition & Total Absorption Total 138
Naural Fe Cross Sections
Fe Isotopic Cross Seciions
hI Natial Composition & TotaI Absoption O.001 to 0.1 MeV 139
Natural Fe Cross Sections 
Fe Isotopic Cross Sections
hi Natral Composition & Total Absorption 0.1 to 1.0 MeV 140
Natural Fe Cross Sections

Co-S9 . C asaic Scag Total 141
Co-S9 Masdc Sca g 0.01 to 0.1 MeV 142
Co-59 ElasticScaEig 0.1 to 1.0 MeV 143
Co-59 Elastic ttering 1.to lOn.MeV 144
CO-59 Total Absompion ToW 145
Co459 . Tota oon 0.001 to .1 MeV 146

*CO-59 To 0.01 toO. I MeV 147
CO-59 Total Absorpion 0.1 to 20.0 MeV 148

Ni IsotopiC Cross Sectios.
la Naural Composition & Elastic Scatg Total 149
Natural Ni Cross Sections .
Ni Isotopic oss Seci_.ns
la Natural Composition & lastic Scattering 0.01 to 0.1 MeV 150
Natural Ni Cross Sections . _.

Ni Isotopic Cross Sections
iN tral Composition & Elastic Scaltering 0.1 to 1.0 MeV 1S1
Natural i Oss Sections
Ni Isotopic oss Sections
InNaturalCompostion & Elastic Scatterig 1.Oto lO.OMeV 152
Natal Ni Cross Sections . _

Ni Isotopic Cross Sections
hI Natal Composition & Total Absorption Total 153
Natural Ni Cross Sectious .
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Table -10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

Ni Isotop Cross Sections
in Natural Composlion & Total Absorption 0.OO to .1 Mev IS4
Natural Ni Cross Sections
Ni Isotopic Cross Sections
fn Natural Compdstion & Total Absorption 0.01 to 0.1 MeV 15
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-SB Elastic Sering 0.01 to 1.0 MeV 158
Ni-SB ElascScttzft 1.0to O.OMeV 159
Ni-S8 ToW Total 160
Ni-S8 Total~" On OJOOI to 0.1 MeV 161
Ni-58 -_TotalApion 0. Ito .OMcV 162

Coi l3pic CMoS eciio-s. 
Naural Orposon- - Elastic Scattering.-- Tot - 163--

Naa Ca CMss Sectbons
Ca isotopic Crss Sections
InNatural Coiposition & Elasc Scattering 20E to .1 MeV 164

Natural Cu Cross Sections
Cat Isotopic Cross Sections
In Natural Composition & EhacScattering O.OIto O.lMeV 165
Nattral Cu Cross Sections ___
Co Isotopic crosections
in Natural Composition & tic Asri .l to 1.0 M V 166
Natral Cu Cross Sections
Ca isotopic Cross Sectons
in Naural Composition & Total Absopin Tota 167
Natural Cu Cross Sections

Ca Isotopic Cross Sectionsin Naural Composition & Total Absorption .04 to 0.01 MeV 168
Natural Cu Crss Sections _ .
C sotopic Cross Sections
in Natural Composition& Total Absowpdon 0.01 to 0.01 MeV 169

Naural Cu Cross Sections
laNeural Composition Total Abonpi "I0 to O 2 MeV 170
Natural Ca Cross secions .

Ga ( oaral) Elastic Scatteg Total 171
(la (natural) TOtl Absorption Total 172

AS-74 Elastic Sceing Toal 173
As-74 , Total Absorption Total 174
As-75 Elastic Scatterg .tal 175
As-75 ToW m don -Total 176
Br-79 7 Elastc Scatterig. Total 177
Br-79 To A ion Total 178
Br4l Elaic Scattering Total 179
13r41 TOW Absorption. Total 180
Kr-78 Ears~ caiig Total 181
Kr-78 Total A_ _ _P_ __ Total 182
Kr-0 . Ehstic Scatering Total 183
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Table 5410. MCNP Continuous-Energy Cross Section Plot kIdex

Element orlsotope Neutron Reaction Energy Range Plot Number'
Kr-90 Total Absorption Tol 184
Kr82 Elastic Scattering Toisl 185
Kr82 Toal Absorption Total 186
EKr83 Elastic Scattering Total 187
Kr-83 Tolal S Total 18
Kr-84 Elasc Scattering Total 189
Kr44 Total pdon Total 190
Kr4-6 EaTotal 191

486 TOAbs Toal 192.
Rb-S Elastic Total 193
Rb-8S Tolal Absoption Toal 194
Rb-87 Elastic S Total 195
Rb-87 Total Absption Toal 196
Y-88 Elastic Scattering TOal 197
Y488 TotAbsorption Total 198
Y-9 Elastic ca g Totl 199
Y-89 Elastic S a 0.001 to 0.01 MeV 200
Y49 E Sica &ag 0.01 to 0.1 Mev 201
Y489. ElasticS 0.1 to 1.0 MCV 202
Y-89 ToW Absorion Total 203
Y-89 ToalAbsoCpion . 0.001 to O.01 MeV 204
Y489 To 0.01 to.I MeY 205
Y49 ToW 0.1 to .OMcV 206

Zr (n b Elasiic Scattering Total 207
Zr_ Elic Scattering IE-4 to 0.001 MeV 208

Elastic Scattering 0.001 to 0.01 Mev 209
E a cScattering _ _ _ _

Absorption Toal 211
r l 1ToW A n I.OE-4 to 0.001 MeV 212

Zr___- TW _______- 0.001 to .o MeV 213
Zr(na Toralsorption 0.01 toO.l MV 214

Zr-93 . Elastic Scattering TOl 215
Zr-93 Total Absorpton TOW 216
Inb93 East . Totl 217
Nb-93 OE Scatering AE-4 to .001 MeV 218
Nb-93 Esic ScaWoedng 0.001 to Oki MeV 219
Nb-93 T Absiption Total 220
Nb-93 TOW Absorpton .oE-s to LOE-4 MeV 221

N__93 TOW_ _ .OE.4 to 0.001 McV 222
Nb-93 TOW Absorpion 0.001 to 0.01 MeV 223
--Nlib-93 * . TotdalxidD~on 0.01 to l.OMeV 224

Mo ntU ralE)sic Total 225
Mo (natUra Elastic ScaL OE-S to 0.01 MeV 226
Mo (nara Absorion Tot 227

Mldo~o~atur .. CE-T i!2MI:S0n .OE-S to O.2 MeV 228
MoF9S . Elastic Scattering Tota 229

Mo-9s Total Pon TOW 230
Tc-99 .EHS~c sc1ing Total 231
Tc_ _ _ Total Absopion TOW 232
Ro-101 Elastic Sc Total 233
Rn-101 Tota Asorpon., ToWa 234
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
_lementorlsotope Netn Reaction Energy Rage PlotNumbere

Ru-103 . Elastc Scamoinz Total 235
Rn-103 Tota sonpion TOa 236
Rh-103 Elastic Scattering ToWa 237
.h-103 ToWal bss TotW 238
Rl-lO5 Elssic SSain Total 239
hT-IOS Toka Absff "on ToWa 240

Pd-lOS E casiScaM g Total 241
Pd-O105 Total Absopion Total 242
Pd-108 Elastic Sca g 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
In Natiral Composion w t& Elastic Scattering L.OE-6 to LOE-5 MeY 246
Natural 6,q Crss SeCtiCns
Agtic CosSi .
In Natiral Composition & Elastic Scattering L.OE-5 tD .OE-4 MeY 247
Natural Ag Cross Sections .
Ag Isotopic Cross Sections
in Natural Composition & Elastic Scattering l.OE-4 to 0.001 MeV 248
Naual Ag Ckoss Sections
Ag Iopic Cross Sections
In Natural Comosiltion & Elastic Sca g 0.001 to 0.01 MeV 249
Natural 6i Cross Sections 
Ag sotopic Cross Sections
In Natural Composition & Total Absorption Toial 250
Natual Ag Cross Sections
Ag Isotopic Cross Sections.
hi Natural Composition & Total Absorption l.0E-5 to I .OE-4 MeV 251
NsbwaI 0 Cross Sectons
Ag Is4opic Cross Sections 
in Natral Composition & Total Absorption l.OE-4 to 0.001 MeV 252
Natural Ag Cross Sections ._._,
Ag Isoopic Crow; Seti
in Nahlral Compoiionk . Total Absiton 0.001 to 0A MeY 253
Natual Ag Coss Sections.

Ag-107 Elastic S Total 254
A07 _ _ Elastic Scattering L.OE-5 o l.OE-MeV - 255

Ag-0 Elastic Scattering 1.004 to 0.01 Mev 257

Ag-107 T A Total 258
107 Total Abspi on l.OE-StolOE-4 MeV 2S9

Ag 107 To Abs on L.OE-4 to 0.00 IMev 260
Ag-107 Totl Abs son 0.001 to .Ol MeV 261
A 109 Elastic Scatering Total 262
._Ag_ 09_* Elastc Scattering I.OE-S to l.4OEA MeV 263
Ag-109 Elastic Sca g IOE4to 0.001 MeV 264
Ag-109 Elasde Scattering 0.OOl to .OI MeY 265

10Ag-9 Total . 266
-Total on l.OE-5 to l.OE-4MeV 267

A 9 lIg Total Absption L.OE-4 to 0.M MeV 268

B00000000.01717-570500099 REV 003 39 hmne 30, 1998



Table 5-10. MCNP Continuous-Energy Cross Section Plot [ndex
Element or Isotope Neutron Reaction EnergyRamp Plot Number'

Ag-10 Tot Abso n0.001 to 0.01 MeV 269
Cd (natival)Elastic Scatterig Total 270

Cd___ ___ Elastic Scag 3E-5 to 0.002 MeV 271
Cd (natural) Total Absorption Total 272
Cd (natral) Total Absorption .OE-5 to LOE-4 McV 273
Cd (natural) Total_ _optio_ 1.OE-4 to 0.002 McV
in (at Elastic Scattering Total 275
In {nstal3 Total Absorpton Total 276

Elastic Scattering Total 277-
Tota Absorption Tota 278

127 _ E__scScateing Total 281
1-127 Ebstc Scattering L.OE-5 to LOE-4 MeV 282
1-127 Elstc Scatteing L.OE-4 to 0.002 MeY 283
1-127 T Absorion Tota 284
1-127 TOW Absorption .OE-5 to 1.OEi4 MeV 285
1-127 Tota Abso .OE4 to 0.002 MeV 286
1-129 .-- E SrjTotal - 287
- 29 TotaAbsoi. Tota 288

1-135 ElasticScate ing Total 289
1-135 TOW Total 290

Xe (natral) EScas Satting Total 291
Xe (ratura) Tota Absopon Tota 292

Xe-131 Elastic Scatterig Total 293
Xe-131 Tota Ab on TOa 294
Xc-134 Elasic Scattering Total 295
xe-f134 . TotaxEMpon Total 296
X-135 Easc Scaeng Total 297
Xe-1S Tota Absorption Total 298
Cs-133 Elastic Scattering Total 299
CQ133 * EasicScaering .OE-5 to 2.OE-4 MeV 300
C.-133 Elastic Scatting 2.OE-4to 03 MeV 301
C- 133 Tolalbs Total 302
Csf133 1 Totlbri 2.OE-6 to L.OE-4 MeV 303
Cs-133 Tot lAopton I.OE-4 to 0.004 MeV 304
C.-134 Elastic Scatter . Total 305
CSa134 Total Absorption Totl 306
Cs-135 Elastic Sc Tota 307
CMT13 .o5lAtffpon Tota 308
Cs-136 Easic Scattering TotW 309
Cs-136 Total ALo cn Total 310
Cs-137 Easi Scattering TOW311
Cs-137 . .TOW Absorpton ToWa 312
Ba-13 ._ Easic S Tota 313

Ba-138 Elastic ScaFtrg - . 0.003 to 2.0 McV 314
Ba- 38 Total Absorption Toal 315
Pr-141 Elasic .Total 316
Pt- l . Total Absorption Total 317
Nd-143 ________S__ Total 318
Nd-143 Tota Absorpion To al 319
Nt-145 Easic _ _ sat__ Total 320
Nd-145 Tot Absorption ToWa 321
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index %
Dement or Isotope Neutron Reaction Energy Range Plot Number

Nd-147 Ebshc Satr_ n Total 322.

Nd-147 Tot AbsorPtion Total 323
Nd-1U Elastic Scattering Total 324

Nd-148 Totl Abs opion Total 325
Pm 7 Elastic Scattering TotW 326
Pm-147 Tol Absorption Tenal 327
Pm-148 Scaterng Totd 328

Pin-148 Tat bsopton Tol 329
Pm-149 -_ _Esc Scmig _ _TOW_ 330
Pm-149 Totd A TOW 331
Sm-147 E__s__c Scatte ng TOW 332

Sm-47 TO _Absogpion Total 333

Sm-149 EkscScattrng Total 334
Sm-149 Totl Absopton Toa 337
Sla-lS0 Elastic Scattcing - TOWd 336

Sm-lSO TotalAbsorption - Total. 337
Sm-151 Elas cazmoiqg Total 338

S m -IS 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ T otal33Sm-151 ToTW 339
Sm-lS2 Elasdic Scand TOW 340
Sm-152 * bSpiOD ToAoT 341

Eu uotopic Cross Sections
Natural Composition & Elastic Scattering Total 342

Natural Eu Cross Sections
Eu Isotopic Cross Sections
In Natural Composition & Elastic Scattering 1.E-6 to L.OE-S MeV 343

Nanal Eu Cross Sections
Eu Isotopic Cross Sections
In Natal Composition & Eastic Scattering 1.OE-S to 1.E-4 MeV 344
Natural Eu Cross Sections
Eu Isotopic Cross Sections
In Natural Cornposition & Total Absorption Total 34S

Natural Eu Cross Sections .
Eu isotopic Crss Secions
In Natural Conposition & Total Absorption 1.1E-6 to 1IO-S MeV 346
Natlral Eu Cross Sections_ 
Eu Isotopic Cross Sections
in Natal Composition & Total Absorption I.E-S to 2.OE-4 MeV 347
Naumal EU Cross Sections .

EU-IS1 Elastic Scattering Total 348

Eu-lS1 Eacscat I.OE6 to 3SAE-5-MeV 349 7

Eo-l51 Elastic Scattering 3.OE-S to 2.OE-4 MeV 350

Eo-ISI o To t 351

EU-lSI TOW Absorpdon 1.OE-6 to 3E-S MeV 352
E-ISI ToAx 3.OE-S to 2.E4 MeV 3S3
EU-I2 Elastic Scaoin To TW 3S4

Eu-l52 Total Absorpton . TOW 355

Eu-l53 Elastic ToTa 356
EU-153 . E stc Scatterming IOE-6 to 2.ES MeV 357

Eu-lS3 Elastic Scatng 2.OE-5 to 2.OE-4 MeV 358
EuM153 TOW Total 359

Eu-i53 Toud Sasorion I.OE-6 to 2.OE-5 MeV 360
E-1>53 Tot Asorption 2.0E3- to 2.OE-4 MeY 31
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index

Q Element or IsotopE Neutron Reaction Energy ange Plot Number
Eu-154 Toaiapi 5atal 362

-EU.154 ToUAsM!2 TOWa 363
En-1o Elastic Scattering Toa 364
Eu-155 TtalAbsT 365

Od Isotopic Cros Sections
in Natual Composition& Elastic Scatteriag otO 366
Natmral Gd Cross Sections
Gd isotopic Coss Sectns
In Natual Composition &. Elastic Scattering L.OE to LOE-S MeV 367
Natural Gd Cross Sections
ad Isotopi Cross Sections
InNaturalComposltion& Elastic Scattering LOBE to .AB4MeV 369
Natual Gd Cross Sections .
-d Isotopic Cross Secions
In Natural Composition & Elastic Scattering LOE-4 to 0.00 1 MeV 369
Natral Gd Cross Sections 
Gd Isotopic Cross Sections
i Natural Composition & Elastic Scattering 0. Tltl.02MV 370

Natiral Gd Cross Sections
Gd Isotopic Cross Sections
in Natural Composition & Total Absopon TotOl 371
Natural Gd Cross Sections .
Gd Isotopic Cross Sections
fh Naural Composition & Total Absorption .OE-6 to I.OE-S MeV 372
Natual Gd Cross Sections

d Isotopic Cross Sections
fi Natural Composition & Total Absorption .OE1- to .OE-4 MeV 373
Natural Gd Cross Sections . ._.
Gd Isotopic Cross Sectans
hi Natural Composition & Total Absorption .0E4 to 0.001 MeV 374
Naual Gd Cross Sections
Gd Isotopic Cross Sections
la NatUral Composition Total Absorption 0.001 to 0.02 MeV 375
Ntural Gd Cross Sections __ Tohl378

Gd-152 Tot30 TOW 376
-d-152 Elastic Scattering 2.OE-6 to 3.O-4 MeV 377
Gd- 152 Tl Saion toW 378

52 TotalAbspion20E6 to 3 4 M 379
0 54 ol toa 380
Gt-l54 Total AS o 1.OE-5 to 0.002 MeV 381

d-154 Totalas_ ion c Total 382
08-- -154 ~ Totalsopd1.OE-5 to L.OE-4 MeV 383
08- 154 Z ! Z 9Asrp~ L.OE-4 to 0O.002MeY 384

G-M155 atern TOWa 385
Gt- 55 Elastic Scattering lOE-6 to 3.0E-5 MeV 386

S-155 E Icatt 3.OE-5to2.OB-4 MeV 387
Gd-15 TOW Absorpion Total 388

-155 . TotalAbsorption .OE-6 to 2.0E- MeV 389
Od-SS Total Absorption 2.0E-5 to 3.0E14 MeV 390

Gd-156 Elastic Sca Total 391
Gd-156 Elastic Scateg 2.0E-5 to OM 2MeV 392
&d-156 Total Absorption Totl 393
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope Neutron Reaction Eneg yRange Plot Number'

_ _ _ _6 TotalAbsorption 2.OE-S to 0.002 MeV 394
Od-1S7 Elastic Scattering Total 395
Gd-157 Elastic Scattering 2.OE-S to .E4MeV 396
Cm-IS? . T l 397
Gd-157 ToalAbsptin _IOE-S o 4.0E-4 MeV 398
Gd-158 Elasc Total 399
Gdl8-15 2.OE-4 to 0.02 MeV 400
Gd-158 ToW As ton Total 401
Od-ISS .TotalAbsrption 2.0E-4 to 0.004 MeV 402
Gt-158 Total Abs O.O4 to 0.02 McV 403
Gd-160 mastic 8ctering Totl 404
0d 160 Elastic S g 2.OE-4 o 0.2 MeV 405

160 To _sopion Toial 406
Gd-160 T Absoon 2.OE-4 to 0.D02 MeV 407 7

Gd-160 Total sorpion 0.002 to 0.02 MeV 408
Ho-165 . Elastic aering Total 409
Ho-165 Elastic Scattering 2.OE-6 to .OE-4 MeV 410
Ho-165 Elastic cattering .OE-4 to 0.002 MeV 411
Ho-165 Total Absorpon Total 412
Ho-165 TOtAbson I.OE-6to L.B-4 MeY 413
Ho-165 TollAbso on I.OE-4 to 0.002 MeV 414
Tm-169 Elastic Scttering Tot 415
Tm-169 TotalAbsorption Total 416

Hf l Elastic Scattering Total 417
H(naial) Elastic Scatering 1.0fi-6 to 1.E-4 MeV 418
Hf (natral Elastic Scattering 1.OE-4 to 0.001 MeV 419

Hf (al) ~~Elast Sirn 0.001 to 0.02 MeV42

Hf~~~~~~~oa Ar sp m TW* 421

Hf nToatlr Absopion .OE-5 to 3.OE-4 MeV _ 422

HfW .~EZ tnai) ToW bs 3.OE-4 to 0.003 MeV 423
Hf (nTol Aborption 0.003 to 0.02 MeV 424

.1 TI18 Elastic Sattering TOWa 425

T-181 Elastic Scattering 2.O-6 to l.OE4 MeV 426
Ta-181 Elastic Scattering IOE-4 to 0.004 MeV 427
Ta-181 Totalb Total 428
Ta-181 Tossl Absorpton 2.OE-6 to 2.OB-4 MeV 429
Ta-181 Total 6Lsoon 2.OE-4 to .OE4 MeV 430
Ta-182 Elastic Scattering Tol 431
Ta-182 TOW Absorption Total 432

W Isotopic Cross Sections
in Natural Compositiont & Elastic Sa g Total 433
Natural W Cross Sections

W Isotopic Cross Sections
In Natural Composition & Elastic Scattrng l.OE-6 to 2.OE-4 MeV 434
Natural W Cross Sections - ;

W Isotopic Cwss Sections
InNatural Composit:on & Scattering 2.-4 to 001 MeV 43S
Natural W Cross Sections. : . .

W isotopic Cross Sections
inNatural Composition & Elastic Scattering 0.OOl to 0.008 MeV 436
Natural W Cross Sections
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Eleme t o-r soope Neutron eaction Energy Range Plot Numbere

WiEc Cross Sectons
In Natural Composition& Total Absorption Total 437
Natural W Cross Sections .
W Isotopic Coss Sections 
In Natural Conposition & Tol Absorption IOE-6 to 3.0E1-4 MeV 438
Natural W Cross Sections
W Isotopic Cross Sections
i Natural Composition & Total Absorptio 3.OE-4 to 0.001 MeV 439

Namul W Cross Sections
W Isotopic Cross Sections
In Natura Composition & Total Absorption 0.001 to 0.01 MeV 440
Natul W Cross Sections

W-182 Toal 441
W-182 l iS 2.OB-4 to 0.004 MeV 442
W-182 * Tol I 443
W-182 TaAbsoPton 2.0E-4 to0.001 MeV 444
W-182 . Tot Absorption 0.001 to 0.08 MeY 445
W-183 Elstic S Total 446
W-183 Elastic Scattering i.oE-S to 0.002 McV 447
W-IS3 Total Absorption Total 448
W-lt3 Total Absorption L.OE-4to 0.002 MeV 449
W-184 Elastic Scateng Total 450
WU194 Elastic Scattering IOE-4 to 0.003 MeV 451
W-184 * Total Absoipton Total 452
W-184 ToW Absorion 1.O-4 to 0.003 MeV 453
W-186 Elasic Scatering Total 454
W-186 Ebistic S I.OE-4 to 0.005 MeY 455
W.186 Tol Total 456
W-186 Total .0E4 to 0.008 MeV 457
Re-18S Elastc Scaing Total 458
Re-185 EIc a LOE-6to L.OE-4 MeV 459
Re-18S Elas c Scattedng L.OE-4 to 0.003 MeV 460
Re-18S Total Absorption Total 461
Re-TBS Total Absorp LOE-6 to .OE-4 McV 462
Re-18S Total Abso OE-4 to 0.003 McV 463
Re- 87 Elstc Scating Toal 464

- 187 Elastic Scattering LOE-6 to 1.OE-4 MeY 465
Re-187 Elastic Saig IOE-4 to 0.003 MeV 466
Re-87 Total Absorp Total 467
Re-ffl To ti I.OEB-6to l.O-4 MeV 468
Re-I87 * Totalptioc IOE-4 to 0.003 MeV 469

-b (natral) Elastic Scattering Total 470
Total Absor on Total 471
P atuEl Scattri Total 472

Pt I l) Tota Absoron Total 473
- Elastic Sat g Total 474

AU-197 -NEstic Seng 3.OE-6 to 2.OE-4 MeV 475
Au-rn Eic scan -04 to 0.002 MeV- 476
As-197 Elastic Scattering 0.002 to 0.01 MeV 477
Au-197 T A MionTotal 478
Au-197 7 _Total A 1.E-6 to 0.401 McV 479

- Au-197 TOW Absorptin 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 Numbers

Pb Isotopic Cross Secdions .
in Natral Composition & Elastic Scatter g Total 481
Natural Pb Cross Sections .
Pb Isotopic Cross Sections
i Naral Composition & Elastic Scattering 0.001 to 0.1 MeV 482
Natural Pb Cross Sections ,
Pb Isotopic Cross Sectons.
InNatral Composion & Elastic Scattering 0.1 to 1.0 MeY 483
Natural Pb Cross Sections . . .
Pb Isotopic Cross Sections
I Natzral Composhion Elastic Scatterg 1.0 to 10.0 MeV 484
Natural Pb Cross Sections 
Pb Isotopic Cross Sections
I Natual Composition & Total Absorption Total 485
Natural Pb Crss 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
InNatural Composition & TotalAbsorption 0.1 to 1.0 MeV 487
Natural Pb Cross Sections . .

Pb-206 Elatic Total 488
Pb-206 U Absorption Total 489
Pb-207 Elstic Total 490
Pb-207 TOWA~ii~ Total 491
Pb-208 Elastic Scattering Total 492
PFb208 Tota Absorpon Total 493
Bi-209 Eastic Scattering Total 494
Bi-209 Elastic Scattering 7.OE-4 to 0.1 MeV 495
Bi-209 Elastic Scattering 0.1 to 2.0 MeV 496
BI-209 oTota Ta 497
BI-209 TOW § Absorpton 7.OE-4 to 0.02 MeV 498
Bi-209 Tota Abscaption 0.02 to 02 MeV 499
U-230 Elastic Total Soo
Th-230 Tota Axc on TOW 501
Th-230 Tota Fission ToWa 672
Th-231 1 bic Sting Total 502
Th-231 TotZ Atscrption Total 503
Th-231. Total Fisson TOW .673
Th-232 Elastic Scateing Totl 504
U4232 Elastic Scattering 1.E-S to L.OE-4 MeV 505
Th-232 Elasic Lauoing 1.0E4 to O.001 MeV 506
Th-232 Scattin . 0.001 to .OS MeV 507
Th-232 TO . . Tot 508
Th-232 TOW A.OE-5 to 3.OE-4 MeY 509
lh-232 TOW 3.0E-4 to 0.01 MeV 510
Th-232 T1O11 W x7 toni:. 0.00Ito0.005MeV 511
Th-232 _ _ TOW______ Total 674
Th-233 Elastic Scateing Total 512
lh-233 Tota 6W2ption Tota 513
Th-233 Tota Fission Total 675
Pa-231 Elastic Scateing Total 514
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Table 5-10. MCNP Continuous-Ener Cross Section Plot Index
Element or Isotope Neutron Reaction Energy Range Plot Number'

ft-231 Total 515
Pa-231 Total F_____ _ Total 676
Pa-233 * Elastic Scattering Tol 516
Pa-233 Elastic 5a I.OE3C to 6.0ES MeV 517
Pa-233 Tota Total 518
Pa-233 TotalAbsorpion .OEB-6to LOB-S MeV 519
Pa-233 Total Fission Total 677
U-232 ElTde Sca g otal 520
U-232 ionTotal 21
U-232 Tota Fission Total 678
U-233 Elude Total 522
U-233 Elude Scaering LGE-6 to LOE-4 MeV 523
U-233 TotaJbsolption TotW 524
U-233 Tota Absorpion I.OE-6 o OE-S MeV 525
U-233 Atff p on I.OE-S to lOE-4 MeV 526
U-233 Tota Fi sion TOta 679
U-233 Total Fission L.OE6 to iOE4 MeV 680
1U234 Elastic Scating Total 527
U-234 Elastic Scatting 1.OE-6to 1E-S MeV 528
U-234 Elastic Scattering .OE-5 to lOE-4 MeV 529
U-234 Elastic Scattering LOEB-4to .001 MeV 530
U-234 Elstc Scaoing 0.001 to 0.01 MeV 531
U-234 Tota Asorpton TotW 532
U-234 TRUbsolpton LOEW to 3.OE-4 MeV 533
U-234 TOW ! x z!Etn 3.OE-4 to 0.002 MeV 534
U-234 T Ion Total 681
U-234 Total Fision L.OE-5 to 0.002 MeV 682
U-235 Elastic Scattering Total 535
U-235 Elastic Scang l.OE-6to IES MeV 536
U-235 Elastic Soatoing 1.E-S to IJE-4 MeV 537
IP235 Elastic Scattering I.OE-4 to 7.OE.4 MeV 538
13235 ElastcScauft 7.OE-4 to 0.003 MeY 539
U-235 Tot 540
U-235 Twa Asopton I.OE-6to4.013-MeV 541
U-235 TOWA LsomptonOB-S to 4.OE-4 MeY 542
U-235 Total As Iion 4.OE-4 to 0.001 MeV 543
U-235 T A btion 0.001 to 003 MeV 544
U-235 * Total iion Total 683
U-235 Tot Fission .1.OE-6to 10-5 MeV 684
U-235 Total Fission . L.OE-Sto l.OE-4McV 685
U-235 Total Fission l.OE-4to.003MeV 686
U-236 Elastic Scattering Total .45
U3-236 L.OE-6 to 3WB-4'McV54lS236 ~~EasicScatteing . VS6t .E4MV546
U-236 .E. scating. 3.E-4 to 0.002 MeV S47
U 236 TOW ToWa 548
U-236 -. 1fif bsonpion I.OE-6 to 3.OE-4 MeV 549
1U-236 *. Total. iM 3.E-4to .O05 MeV 550
U-236 . TotalFso TOW 687
13-236 Total Fission 3.0E-5 to 4.0E4 Mve 688
U-236 Total Fission 4.0E-4 to 0.002 MeV 689
U-236 Tota Fission 0.002 to 0.005 MeY 69
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Table 5-10. MCNP Confinuous-Energy Cross Section Plot Index

Element or Isotope Neutron Reaction Energy Range ['lot Number
U237 Elastic Scattering Total 551
U_237 MR____ 9.0E-6 to 2OE-4 MeV 552
U_237 Total_____Total 553
U-237 TOM 4.OE-6 to 2.OE4 MeV 554
U-237 TotalFiion Tot 691
U-237 Total Fission 9.OE-6to2.bE4 MeV 692
U-238 Elasic Total 555
U-238 Elasi c OE-6 to l.OE-4 MeV 556
U-238 -ElasO S a.nIE-4 to 0.001 MeV 557
U1-235 . 0ti.c S0E~eK 001 to 0.005 MeY 558
U-238 -Elasic Scaterg : .005 t.O 2MeV 559
U-23 . TOW Total 560
U-238 TO0E 7pbB .6tD l OE-4 MCV 561
U-235 Total 0,4 to 0.001 MeY 562
U-238 Total ____ 000 tO.OOS MeV 563

LL238 Tota l_ _ _ __n Total 693
U-238 TOtal Fission' 7.0E-6 to 0.001 MOV 694
U_238 * TOal Fission' 0.001 to 0.3 MeV 695
U-2399Mastic Scattering TOW a 565
U-239 Total5AbsrVon T 566
U-239 TOta FLS9i6n _ Tta1 696
U-240 Elastic Scattering TOtal 567

-240 Ttal TOTa68
U-240 Total 697
ND*235 Elastic Scattering Total 569

N35 TOtal Absorptn Total 570
Tt235alFissi Total 698

Np-236 * Elastic Scattering Tota 571
Np-236 TOW Aspon Total S72
Np-236 - Tod Fission Total 699
Np-237 Elastic Scatteing Total 573

Eastc Scaing 2.OE.6 to lOE-S MeY 574
N27 Scateing lOES to 2.OE-4 MeV 575

.- 7 TOW tion TOW 576
N p-237 Tobf Awi 2.OE-6 to 1.E-S MeV 577

Np-237 Total lam on I.OE-S to 2.OE-4 MeV 578
Total Fission * Tot 700

NP-237 Total Fission .OE-7 to 1.OE-5 MeV 701
Totl Fision L.OE-5 to lOE4MeV . 702

2Y237. Tota Fission 1.OE-4 to 0.001 MeV 703
N37 Totw Fiion ~ 0.001 to 0.008 MeV 704

NP#8 Elastic g Total 579
NP238 TOI81 MbS2r~tion Total 580
lb 3 Total Fission Total .705

N 239 Elastic Scattering Total 581
S239 ~~~TO E TOW8 582 

Np239ota Fisson . Total 706
Pu 26 Elastic Scattering Total 583

Nu-236 Total Total 584
Pu-236 Totl Fission Tot 707
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QIl
Table S-10. MCNP Continuous-Energy Cross Section Plot Index

Element orI sotope Neutron Reaction [EeryRne Plot NombeW
Pu-23 ElasEc Scatsging Total 585

Pu-237 Total Abson Total 586
Pu-237 TOWLI WM Total 708

. zPu-238 Elastic Scattering Total 587
Pu-238 Elastic Scattering 3.OE-6 to LOE-4 MeV 588
Pu-238 Elastic ScEg L -4 to 3.OE-4 MeV 589
Pu-238 T Total 590
Pu-238 Total Absopdon OE-6to 1OE-4 MeV 591

.Pu-238 * -Tota As 1.OE4 to 4.0EB4 MeV 592
Pu-238 TOWFiin_. Total 709
Pu-238 Total Fission 1.OE-6to IE -4MeV 710
Pu-238 . TotalFsion .OE-4 to 4E.4 MeV 711
Pu-23g_ Elasic Sca___ ing Total 593
Pu-239 Elastic Scating 7.OE-6 to LOE-4 MeV 594
Pu-239 Elastic L___B_ I.Oi4 to O.001 MeV 595
Pu-239 Elastic Scaring 0.001 to 0.004 MeV 596
Pu-239_ _TobA_ n _TOW _ 597
Pu-239 Total Absorpon SE_6 to 1__ 14 MeV 598
PU-239 ToWa mo A tion .OE-4 to 0.01 MeV 599
Pu 239 --- O-1T A fon 0.001Ot OOO4 MeV 600
Pu-239 __ _ Fission Total . 712
Pu-239 Total Fiulon 1.OE-S to IEA 4MeV 713
Pu-239 Total Fission 1.OE-4 to 0.001 MeY 714
Pu-239 Total Fission 0.001 to 0.0O4 MeV 715
Pu-240 Elastic Sc Ein Total 601
Pu-240 Elastic Scatteing I.OE-Seo0.001 toV C02 
Pu-240 Elasic Scattering 0.001 to 0.01 MeV 603
Pu-240 Total AUspton Total 604
Pu-240 Total Absarp2on 2.OE-5 to 0.001 MeV 605
Pu-240 Total Abnpon 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 Fizion .O01 to 0.007MeV 718
Pu-241 Elstic Scaring TotW 607
Pu-241 Elastic Scattering 1.OE-6 to 1.OE-4 MeY 608
Pu-241 Elastic Scating 1.OE-4 to 4.OE-4 MeV 609
Pu-241 Total Absofpton Total 610
Pu-241 1ToE-6 Absorpon . -6 to 5.OE-5 MeY 611
Pa-241 O Absorpion 5.OE-5 to 2.OE4 MeV 612
Pu-24I1 7 i . T6S~sono1 2.OBE4to0.001 MeV 613
Pu-241 ToWa Fission Tol 719
Pu-241 Total Fis-on 3.0E-6 to 3. E- MeV 720
Pu-241 . . Total Fission 3.0E-5 to 6OE-4 MeY 721
Pu-242 * Elasic Scattrng Total 614
Pu-242 Elastic Scattering 4.0E-S to 0.002 MeV 615
Pu-242 ToTota T 616
Fu-242 A t tion o.OE 33.OE-4MeV 617
Pu-242 ; . Tow 0to.002MY 618 G
P-242 TO___FM=_ _ . Tota 722
Pu-242 Total Fission 2.OE-5 to 0.002 MeY 723
Pu-243 Elasic ScaRing Total 619
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Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Element or Isotope I eutron Reaction Energy Range Plot Number'

P13-243 I EOasEictSco2ering T B .to20E- MeV 620
Pu-243 T Total 621
Pu-243 I Toal Absoption T O1E-6to2.OBE4MeV 622
Pa-243 o Ffssion Total 724
Pu-243 Total Fission LOE-6 to 2.OE-4 MeV 725
Pu-244 Elastic Scattering Total 623
Pu-244 TotalAbsorpion Total 624
Pu-244 Total Fission Total 726

Am-241 Elastic Scattering Total 625
Am-241 Elastic Scattering LO-7 to 1.0E-5 MeV 626
Am-241 Elic S w LOE-5 to 2.OE-4 MeY 627
Am-241 TOW orpton Total 628
Am-241 ToW 1.0E-7 to 1.0fi-5 MeV 629
Am-241 W Abs2Epiion LOE-5 to 2.OE-4 MeV 630
Am-241 Total Fssion Total 727
Am-241 Total Fsion L.OE-7 to l OE-5 MeV 728
Aim-241 Total Ftssion I.OE-S to 2.OE-4 MeV 729

Am-242m Elastic Scatteig Total 631
Am-242m Total Absorpiion Total 632
Am-242m Tt Fission Total 730
An-243 Elastic Scttering Total 633
Am-243 Eltastic Scat.0Ei6gto3.0E-5 MeV 634
Am-243 Elastic Scatlaing 3.OE-S to 3.OE-4 MeV 635
Am-243 Tbsoipiio Total 636
An-243 . Tol Abs .OE-6 to l.OE-5 MeV 637
Am-243 Total I.OE-S to l.OE-4 MeV 638
Am-243 Total 1.0E-4 to 3.OE-4 MeV 639
Am-243 To Fison Total 731
Am-243 Total Fission 1.OE-7 to l.OE S MeV 732
Am-243 Total Fission LOE-S to 3.0E-4 MeV 733
Cm-241 Elastic Scattring Toal 640
Cm-241 Total Abs on Total 641
Cn-241 Total Fission Total 734
Cm-242 : Elasdc aeng Total 642
Cin-242 E Scattering 5.OE-6 to 8OE-4 MeV 643
Cm-242 Total otion Total 644
C m-242 TOWZR.' - I OE-5 to 4.OE.4 MeV 645
un-242 Totl Fisio Toal 735
Cm-243 Elastic Scang Total 646
Cm-243 TotalW 647
Cm-243 ___To Fsson Total 736
Cn-243 Total Fission l.OE.6 to 2.0E-4 MeV 737
Ckn-244 -ac & g - _ Total 648
COn-244 Elastic &a 9.OE-S to 0.00 IMeV 649
Cn-244 ToW Absoa Total 60
Cm-244 TO l on I.OE-StoO.OOIMeY V 651
Qn-244 _____ ___Fission Total 738
Cn-244 Total Fission 3.OE-6 to 9.0E-4 MeY 739
Cm-245 Elastic Scattering Total 652
Cm-245 Total 653
Cm-24S . _ Total________ Total 740

BOOOOOOO-01717-5705-00099 REV 00 49 June 30, 1998



Table 5-10. MCNP Continuous-Energy Cross Section Plot Index
Elemet or otope Neutron Reaction EnergyRange Plot Numbees

______ 2___ _TOWaFO LO1-6to2.OE-4McV 741
Cmn-246 ElascScateing Total 654
Cm-246 Total Absorpton Total 655
Cm-246 To Fission Total 742
Cn-247 ElsticScatoerg TotW 656
Cm-247 TOW Total 657
Cmn-247 Totl Fission Total 743
CMn-247 Tota Fission 3.OE,6toS.OE-5 MeV 744
Cn-247 Toa Fission 5.0E-5 to 0.002 MeV 745
Cm-248 Elastic Scattering TotaW 658
Cmn-248 TO A on Total 659.
Cm-248 Tot Abso on 4.0E-6to 0.004 MeV 660
Cm-248 Totd Fission Total 746
Cn-248 Total Fission 2.OE-6 to 2.OE-4 MeV 747
Cm-248 Total Fission 2.0E-4 to 0.003 MeV 748
Bk-249 Elasc Scattering Total 661
Sk-249 Total Absopon Total 662

k-2U49 Total Fission Totl 749
Cf-249 Elastic Scatering Toal 663
Cf-249 Total Absopn Total 664
Cf-249 ToFission Total 750
Cf-249 Total Fission 2.OE-6 to 4.OE-S MeV 7I
Cf-249 Total Fission 4.OE-5 to 3.0E-4 MeV 752
Cf-249 Total Fission 3.0E54 to 0.003 MeV 753
Cf 250 Elastic S Total 665
Cf-250 Total Abs2Eaon Total 666
Cf 250 Total Fission_ Total 754
Cf-251 Elastic Scatering Total 667
Cf-25I Tdo Total 668
Cf-25I Toial Fission Total 755
Cf-252 Elasic Scatterig Total 669
Cf-252 Total Absoion Total 670
Cf-252 Total 1bso.OE-S to 0.001 MeV 671
Cf-252 _ Toal P ToTal 756
Cf-2S2 Total Fission 1.OE-S to 4.0E-4 MeV 757

'The plot number refers to the # in the ng cross section plot filenames "pff.giW) as
ontained on Attachment I (CD-ROM).

2 Ihe MCNP cross section library identified as 92238 21c was not included in the various plots
for U-238 due to a limitation in the numaber of cross section sentations 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 Libraies

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
benchmar 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:

* ENDFAB-V based cross section libraries were selected for use when available with the
exceptions of H-2, B-l, Zr (natural), Ag-107, Ag-109, Eu-151, and Eu-153

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

* parameters compared when selecting between ENDFAB-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-ENDF/B-V based cross section libraries.

Fifty-five out of the seventy-nine non-ENDFJB-V based cross section libaries 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), Ca40, Sc45, Cr-SO, Cr-52, Cr-53, Cr-54, Fe-54, Fe-
56, Fe-57, Fe-S8, Ni-60, Ni-61, Ni-62, Ni-64, Cu-63, Cu-65, As-74, Br-79, Br-S1, 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 (natual), Pb-206, Pb-207, Pb-209, Th-230, Th-231, Th-233, Pa-231, U-
23Z U-239, U-240, Np-235, Np-236Np-238, Np-239, Pu-236, Pi-244, Cm-241.

Non-ENDFIB-V based cross section lraries were selected for seven elements and isotopes for
which ENDFJB-V cross section libraries were available. These elements and isotopes include the
following: H-2, B-1i, Zr (natura), Ag-107, Ag-109, Eu-151, and Eu-153.

For H-2, there are no significant differences between the neutron scattering cross section of the
selected cross section library (100255c) and the ENDF/B-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 libray. At
neutron energies below 3.OE-10 MeV, the selected cross section library shows a maximum total
neutron absorption cross section difference of 0.001 barns with respect to the ENDFIB-V based
cross section libray.
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For B-l, there are sdme differences in the resonance region between the selected cross section
library (5011 .56c) and the ENDFAB-V based cross section library (501 1.55c). e am 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 501 1.55c. The 5011 .56c cross section library has more than
two times the number of energy points on the main energy gridthan 501 1.55c.

For Zr (natural), the ENDFJB-VI based cross section library (40000.60c) is selected becaue it
contains corrections for a problem that is present in the previously released ENDF/B-V based
cross section library.1he 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
ENDFJB-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.OE-S MeV and 0.003 MeV. In the total neutron absorption cross section, the
increased detail is primarily between the energies of 2.OE-S 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 ENDF/B-V based cross section library.

For Ag-109, the ENDF/B-VI based cross section libay (47109.60c) is selected over the
ENDFJB-V based cross section library (47109.50c) because it contains more detail in the
resonance region of both the neutron elastic scattring and total neutron absorption cross
sections. In the neutron elastic scattering cross section, the increased detail is primarily between
energies of 2.GE4 MeV and 0.003 MeV. In the total neutron absorption cross section, the
increased detail is primarily between the energies of 8.OE4 MeV and 0.003 MeV. Also, the
ENDF/B-VI based cross section hbrary contains more than five times the number of energy
points on the main energy grid than the ENDFJB-V based cross section library.

For Eu-S1, there are no significant differences between the neutron scattering cross section of
the selected cross section lry (6315S.5c) and the ENDFIB-V based cross section library
(63151.50c). The total neutron absorption cross section of the 63151.55c and 63151.50c cross
section librares are generally the same. he 63151.55c total neutron absorption cross section is a
maximum of 0.2 bams 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 maimumn of 0.02 barns greater
than 631S1.50c 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-153, the neutron scattering cross section of the selected cross section library (63153.55c)
and the ENDF/B-V based cross section lhiry (63153.50c) are generally the same. The
63153.55c neutron elastic scaering cross section is a mdximum of O.005 barns less than
63153.50c between the energies of 0.001 MeV and 0.2 MeVThe total neutron absorption cross
section of the 631S3.55c and 63153S0c cross section libraries are generally the same. he
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 of0.0Ol MeV and 2.0 MeV. Also, the 63153.55c total neutron
absorption cross section is a maximum of 0.007 barns greater than 63153.SOc between the
energies of 2.0 MeV and 10.0 MeV. Th 63153.55c cross section library was processed more
recently than the 63153.50c cross section libray.

The reaining elements and Isotopes for which non-ENDFIB-V based cross section libraries
were selected include the following: N-s, 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 aiglable for these elements and isotopes.
However, there are multiple non-ENDFIB-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.

ForN-I5, there are two cross section libraries available (7015.55c and 701S.60c). The 7015.55c
cross section library was selected. There ae no significant differences between the neutron
scattering cross section of 7015.5Sc and 7015.60c. lere 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 libarX (18000.59c) is processed at 294 K rather than
0 K at which the other available cross section library (1800035c) is processed.

For NI-58, the selected cross section lbrasy (28058.60c) Is processed at 294 K rather than 0 K at
which the other available cross section library (28058.3Sc) I processed. The 28058.60c 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 nmber 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 (6716S5Sc) was selected and used prior to the
receipt of the ENDF/B-VI based aoss section library (67165.60c) by WPDD. The other
available cross section library is the I1NL based 67165.35c. The 67165.55c cross section library
is processed at 294 K, and the 6716S.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 ofthe ENDF/3-VI based cross section library (94237.60c) by VPDD. Prior to the receipt
of 94237.60c, the only avalable cross section libray was 9423735c. Additionally, the
94237.35c cross section library contains photon 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. he
94243.60c cross section library contains more than mine 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
ofthe ENDF/B-VI based cross section libraries. The 96243.35c, 96245.35c, 96246.35c, and
96247.35c cross section libraries wer the only available libraries for WPDD prior to the receipt
of the ENDFJB-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. Unlile 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. Iherefore, the 96248.60c cross section library could be selected with
miniml 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 (97249.3Sc) is processed. The 97249.60c cross
section library contains both prompt and total lu data, and 97249.35c only contains prompt nu
data. Ihe 97249.60c cross section lbary 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 libray (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 982493Sc 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 hibray (982S0.35c) is processed. The 98250.60c cross
section library contains total nu data, and 982SO.35c only contains prompt nu data. Ie
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-251, the selected cross section library (982SI.60c) is processed at 294 K rather than 0 K
at which the other available cross section library (98251.35c) is processed. The 9825l.60c cross
section library contains both prompt and total fu 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.

BOOOOOOO-01717-5705-OO099 REV 00 60 Alme 3,1998



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. Ihe 98252.60c cross
section library contains both prompt and total nu data, and 9825235c only contains prompt nu
data. The 98252.60c cross section hibary contains more than three times the number of energy
point on the main energy grid than 98252.35c.

Table 61. Selected Continuous-Energy MCNP Cross Section Libraries
Element Isotope Selected Cross Section library ZAID
Hydrogen H-l IOO.SOc

SH-2 i OO2Sc
H-3 1003.50c

Heliumn He-3 2003.50c
He-4 200450ec

Lithium 14-6 3006.SOc
LI-7 3007.SSc

Beryllium Be-7 4007.35c
.__________________ Be-9 400950c

Boron . B-10 5010.50c
.40 S010.53c
B-ll 5011.56c

Carbon c MI"(atual 6000.50c
C-12. 6012.Oc
GsC-13 6013.35c

Nitrogen N-14 7014.SOc
__________________________ N -5 .7015.55c

Oxygen 0-16 . 016.50C
0-16 $016.53c
0-16 * 016.54c

.____________17 * 8017.60c
Fluorine F-19 9019.50c*
Sodium Na-23 11023.50c

bdagneshin m~g (natural) 12000.50c
Alumnum .AI-27 13027.50c

Silicon Si (natural) 14000.SOc
Phifhorus P-31 15031.50c

Sulfur S (naturaf) 1600G.60c
S-32 16032.50c

Chlorine c (natran) 17000.50c
; Xgon Ar (natural) 18000.59c

Potassium K(natural) 19000.50c
Calcium Ca (natural) 20000.50c

C40 ---22004021c
Scandium Sc-45 21045.60c
Titanium Ti (uai) 22000Soc

Vanadium V (aur) 2300 0SOc
Chromium Cr-So 24050.6Dc

Cr-52 - 24052.60c
. .. : . Cr-53 . 24053.60c

.___________.______ _Cr-54 24054.60c
Manganese Mn-SS 250S5.50c

Iron Fe-54 26054.60c
Fc-56 26056.60c
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Table 6-1. Selected Continuous-Energy MCNP Cross Section Ubraries
Element Isotope Selected Cross Section Ubrary Ai D

Fe-57 26057.60c
.________________ _ Fe-S8T 26058 60c

Cobat Co-59 27059.50c
Nickel Ni-S8 28058A5c

Ni-60 28060.60c
Ni-61 2806160c
Ni-62 28062.60c
Ni-64 28054.60c

Copper C-63 29063.60c
Cu-65 29065.60c

Gallium - i (fnatur) 31000.50c
Assenic As-74 3307435c

As-75 3307535c

Bromine Br-79 3S079.Sc
Br-81 35081.55c

Krypton Kr-79 3607850c
Kr-DO 36080.50c
Kr-82 36089250c
Kr-83 36083-50c
Kr.-4 36084.50c
Kr-86 3608UOc

Rabidimn Rb-C5 3708S.5Sc
Rb-87 37087.Sc

Yttrimn Y-88 3908835c
Y-89 39089SOc

Znx onhuM Zr (natural) 40000.60c
Zr-93 40093.SOc

Niobinn Nb-93 41093.SOc
Molybd Mo (nara) 42000.50c

Mo"95 42095.SOc
Technetin Tc-99 43099.SOc
Rutlhenim R-lOl-- 441015Oc

___-103 44103.SOc

Rhodiun R_---_ _h 103 45103.50c
___ ___ __ ___ __h-10_ 4S105.50c

P l n ________________Pd_5 46105.50c

* d-108 ~ 46108.50c
Silver Ag-107 47107.60c

Ag-109 , 47109.60c
Cadmimn -_ Cd (at_)_ 48000.SOc

Indian In (naun) 49000.60c

TIZ Sn (naturi) SOOO.35c
Iodine -- 127 53127.60c

1-129 53129.60c
1-135 53135.50c

Xenon Xe (natura) 54000.3Sc
Xe-131. 54131.SOc

. Xe-134 54134.35c
xe-13S 5413S5SOc
Xe-135 54135.53c
Xe-13S 54135.54c
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Table 6-1. Selected Continuous-Energy MCNP Cross Section Libraries
Element Isotope Selected Cross Section LUbry MID
Cesium Cs-13351350

Vs.134 5360
Vsj-13555350
Cs-136 516f
Cs-137553.0

Barium Ba-13851350
Praseod~ Pr-141 59141.W0
Neodynitur Nd-143 60143.50c

Nd-145 60145.50c
Nd-147 60147.50c

________________________Nd-148 60148.50c

Promethium PF-147 61147.50c
Pm-14S 61148.50c

_________________________Pm -149. 61149.50c
Samarium Sm-147 62147.50c

Sm-149 62149.50c
Smn-150 62150.50c
Sm-151 62151.50c

_________________________Si -152 62152.50c

Europiwn Eu- 151 63151__ __ __ __55__ __

Eu-152 63152___ __ __ __ __ __ _

Eu-153 355c
Eu-15-4 _ _ _ _ _ _ _ _ _ _ _ _ _

_________________________Eu-15563 5 50

Gadolinium G3d-152 ___ __ __ __ __ __ __ __ __

Gd-154 _ _ _ _ _ _ _ _ _ _ _ _ _

0 d-i S S _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Gd-156 64156.50c
0-157 64157.50c
Gd-158 64158.50c

___________________ O~d-160 64160.50c

Hohmium Ho-165 67165.55c
Thbulium Tm-169 69169.55c

Hafnium ~~~Hf (nal) 72000.50c
Tantalum Ta-ill 73181.50c

Ta-182 73182.60c
Tungsten W(ntrl 74000.55c

W-182 74182.55c
W-183 74183.55c
W-184 74184.55c

_____________ _____________W -186 74186.S5c

Rheniu Re-185 7518S.50c
______________ ____________ e-1 l7 75137-ifc

Iridium ~~~Ir(natwal) 77000.S5c
Platinum ~~~Pt (natra)- 78000.3se

Gold Au-197 79197.50c
Lead fPb (natural) 52000.50c

Pb-206. 82206.60c
Pb-207 $2207.6fc

_______________________ Pb-208 82208.60c

bismuth 01-209 83209.50c
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Q61
Table 6-1 Selected Continuous-Energy MCNP Cross Section Libraries

Element hotope Seleted Cross Seetion IJbrry ZAID
Thorium Th-230 90230.60c

lh-231 90231.3Sc
h-232 9023250c

lbh-233 923335c
Protactinium Pa-231 91231.60c

.__________________ Pa-233 91233.50c
Urnfumn 1U-232 92232.60c

U-233 92233.50c
U-234 92234.50c
U-235 92235.50c
U-235 92235.53c
U-23S 92235.54c
U-236 92236.SOc
U-237 92237.SOc

1U-235 92238-50c
.U-23- 92238.53c
U-238 9223854c
U-239 92239j5c
U-240 92240.35c

NeptnIum Np-2393233c
Np-236 932363Sc
Np-237 93237.Sc
Np-238 932383Sc

._________ Np-239 93239j0c
Plutonium Pu-236 94236.60c

Pu-237 942373Sc
Pu-238 94238.50c
Pu-239 94239.55c
Pu-240 94240.50c
Pu-241 94241.50c
Pu-242 94242.5c
Pu-243 94243.60c
Pu-244 94244.60c

Amkericum- Am-241 95241.50c
Amn-242 95242.50c
Am-243 95243.50c

Cziun Ckm-241 96241.60c
Ckn-242 - 96242.50c
CaN-243 9624335c
Cm-244 96244.50c
Cm-24S 96245.35c
Cm-246 96246.35c
CM-247 96247.35c

n-248 96248.60c
Berkerunn Bk-249 97249.60c

Californuhn Cf-249, 98249.60c
Cf-2S0 9825-.60c
Cf-2S1 - - 98251.60c
C-252 98232.60c
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Table 6-2. Selected Non-ENDFIR-V-ased MCNP Cross Section Libraries
Element or otope MCNP ZAED Evaluated Data Source

H-2 002.SSc T-2
Be-7 4007.35c l L
B-11 5011LS6c T-2
C-13 6013.35c LLNL
N-15 7015.5 c T-2
0-17 017.60c B-VI.O

S natural) 160.60c B-VI.O
Ar (nwal) 18000.59c T-2

Ca-40 2004021c T-2XIM
Se-45 21045.6Oc B-VL2
Cr-S0 24050.60c B-VL1
CS-52 24052.60c B-VI.1
Cr-53 24053.60c E>\LI
Cr-54 24054.60c B-Vl.1
Fe-54 * 26054.60c B-VlA

Fe-S6 26056.60c B-VlA
Fe-57 26057.60c __ _L_

Fe-S8 26058.60c _ _ _ _L_

NiS8 28058.60c _-__ _ _

Ni-60 28060.60c B-V.1
Ni-61 28061.60c B-VL1
Ni-62 28062.60c B-VI.
Ni-64 28064.60c B-VLl
C-63 29063.60c B-VL2
CU-65 29065.60c B-VL2
As-74 33074.35c lLNL
r_79_ 35079.Sc T-2

Br-81 35081.SSc T-2
RUF8S 37085.S5c T-2
Rb_87 37087.55c T-2
Y-88 -593988.35c LLNL

Zr___ ___ __ 40000.60c B-I.1
Ag-107 47107.60c B-VI.O
J______ g-109___________ 47109.60c B-VLO

In (natal) 4sooo.6ak B-VI.O
50000.35c LLNL

1-127 53127.60c T-2
1-129 53129.60e 13-VI.

xe (natual) 54000.3,5c LLN
Xe-134 54134.35c LldL
CQ-134 55134.60c B-VLO
C0-136 55136.60c B-VLO
CS-137 55137.60c B-VLO
Eu-ls. 63151.Sc T-2
Eu-153 63153.55e T-2
110-165 67165.SSc T-2
Tm-169 6919.5e T-2
TA-182 73182.60c -- VLO

r (naturl) 77000.SSc T-2
t (,2atma) 78000.3S LLNL
Pb-206 82206.60c B-VLO
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Table 6-2. Selected Non-ENDF/B-V-Based MCNP Cross Section Libraries
Elementorsotope MCNP ZAID Evaluated Data Source

Pb-207 .2207.60c .D-VLL
Pb-208 82208.60c B-VLO
lh-230 90230.60c B-VLO
lb-231 9023135c LLNL
Uh-233 90233.35c llNL
Pa-231 91231.60c B-VLO
U-232 92232.60c B-VLO
U-239 92239.35c LLNL
U-240 92240.35c LLNL

Np-235 9323535c LLNL
Np-236 9323635c LLNL
Np-238 9323835c LLNL
NPF239 93239.60c B-VLO
Pu-236 94236.60c B3-VLO
Pu-237 9423735c LL
Pu-243 94243.6c B-VL2
Pu-244 94244.60c B-VLO
C-241 9624.60c B-VIO
C_-243 * 96243.35c LLNL
Ckn-24 9624S3Sc L1NL
Cn-246 _ 96246.35c LLNL
Cmn-247 962473Sc. LLNL
Cm-248 96248.60c B-VLD

__________ _ Bk249 97249.6Wc B-VIXMI
C£-249 98249.60c B-VkXlM
C_-250 . 98250.60c B-VL2
Cf-251 98251.60c B-VL2
CM-252 982S2.60c B-VL2

7. Conclusions

This report documents the selection of continuous-energy cross section libraries to be used wi
MCNP in criticality bencbmark 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-li, Zr (naUr, 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
ENDF/B-V based libraries were not available or selected

* parameters compared when selecting between ENDFJB-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 bnhmark and design calculations.
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All of Ohe 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 benchm arks and design
calculations.

The data reported herein is acceptable for quality afficting activities and for use in analyses
affecting procerement, 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 assumnes 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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