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Abstract

A compendium of dosimetry cross sections is presented for use in the charac-
terization of fission reactor spectrum and fluence. The contents of this cross
section library are based upon the ENDF/B-VI and IRDF-90 cross section li-
braries and are recommended as a replacement for the DOSCROS84 multi-
group library that is widely used by the dosimetry community. Documentation
is provided on the rationale for the choice of the cross sections selected for in-
clusion in this library and on the uncertainty and variation in cross sections

presented by state-of-the-art evaluations.
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Summary

The SNLRML cross section compendium has been prepared by taking the latest and most
consistent dosimetry-oriented cross sections from all available evaluations. The contents
of the library include all dosimetry sensors (activation reactions, threshold reactions,
fission reactions, and special damage sensors) that are in general use by the dosimetry
community for the characterization of fission neutron spectra. The cross section
compendium has been interfaced with spectrum determination codes and found to produce
consistent spectrum “unfolds” with more sensors than were possible with previous
libraries. The SNLRML library is being made available to the general dosimetry
community in order to encourage the use of a consistent cross section library for spectrum
determination. The authors plan on updating the library as part of the RML quality
assurance program. This document provides part of the QA audit trail for the selection and
choice of sensor response functions that are used in the spectrum determination of the SNL
reactor facilities.
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Nomenclature

Spectrum Descriptors
Ao/o  cross section standard deviation, typically expressed as a percentage.
¢(E) differential number distribution of the fluence. Typical units are n/(cmz-MeV).

] neutron fluence. Typical units are n/cm?.
o(E)  microscopic neutron cross section. Typical units are b.

<0>, spectrum averaged cross section, where the neutron spectrum denoted by "x" is
used as a weighting function.

Nuclear Particle and State Identification

an alpha particle, 2He4.

B a beta particle or electron.

g* a positron, a particle with the same mass as an electron and a positive electrical
charge.

d a deuteron, 1H2.

Y a photon.

t a triton, {H3.

A decay constant, A = In(2)/ty ;.

T2 isotope half-life, he time lapse during which a radioactive species decays to one
half its initial number of atoms.

aamy 3 metastable state of 32X,

aay the element "X" with atomic mass "aa".

X2 the element "X" with atomic mass, or M, "aa" and atomic number, or Z, "zz".

Reaction Designators

(n,abs) an absorption process where an a neutron is incident on a target nucleus, but no
neutron is present in the exit channel.

(nf)  afission reaction.

(n,n’)  an inelastic scattering process where a neutron is incident on a target nucleus and
scatters leaving the target nucleus in an excited nuclear state. The target nucleus
typically returns to the ground state accompanied with the emission of photon(s).

(n,X) aneutron induced reaction where a neutron is incident on a target nucleus and any
number of particles can appear in the exit channel (denoted by the X). If a residual
nucleus is specified, some constraints are implied on X.



Miscellaneous Abbreviations

amu
dpa

F.P.
RC

RI

RML

SNL
SNLRML
SNL RML

atomic mass unit, equals 931501.6 keV.

displacement per atom in a crystal lattice produced by interactions of a
primary particle with the lattice material.

Fission Product

cumulative fission yield, expressed as a percent. In the ENDF-6 format this
quantity has an MT = 459.

independent fission yield, expressed as a percent. In the ENDF-6 format this
quantity has an MT = 454.

Radiation Metrology Laboratory

Sandia National Laboratories

Sandia National Laboratories’ Radiation Metrology Library
Sandia National Laboratories’ Radiation Metrology Laboratory
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SNL RML Recommended Dosimetry
Cross Section Compendium

1. Introduction

Several new cross section libraries have been made available to the dosimetry community.
These include the ENDF/B-VI {1,2], the International Reactor Dosimetry File (IRDF-90)
[3], the Japanese Evaluated Nuclear Data Library (JENDL-3) [4], the USSR Evaluated
Neutron Data Library (8ROND) [S], the Joint Evaluated File (JEF-2.2) [6], an updated
ORNL GLUCS [7] evaluation, and the International Library of Neutron Activation Cross
Section Data for Fusion Reactor applications (FENDL-2) [8]. Through their use as
activation senscrs for determining neutron spectra and fluence, these new dosimetry cross
sections affect the characterization of neutron radiation damage facilities, the use of
monitor foils to relate a given device irradiation to the specified environment, the
comparison of device damage between reactor facilities, and the comparison of radiation-
hardening test environments with anticipated operating environments.

The Sandia National Laboratories (SNL) Radiation Metrology Laboratory (RML) has
worked with versions of these cross sections since pre-release data were available. These
new cross sections have been compared with each other and evaluated with respect to their
accuracy and consistency for spectrum unfolding applications. A compendium of
dosimetry cross sections was assembled for use within the SNL Radiation Metrology
Laboratory. This library, referred to as the SNLRML library [9], was empirically tested for
use in fission spectra determination and in the fluence and energy characterization of 14-
MeV neutron sources [10]. The library has been prepared in a format that can be readily
interfaced with both iterative spectrum unfolding codes, such as SAND-II [11], and least-
square codes, such as LSL-M2 [12].

2. Scope of Compendium

The SNLRML library contains a set of 66 dosimetry sensors (and 3 special dosimeters
unique to the RML sensor inventory) drawn from the most recent cross section evaluations.
Table 1 summarizes the cross section libraries examined in the preparation of this
compendium. The FENDL-2 and CENDL libraries have not been completely analyzed at
this time, but will be reflected in future updates to the SNLRML library. Covaiiance
matrices are included to support the requirements of least-squares unfolding codes. In cases
where covariance data were not available for the selected cross section evaluation, an
alternate source for the covariance data has sometimes been used temporarily to estimate
the data covariance matrix. Table 2 shows the contents of the library and indicates the
source of the cross sections and covariance data. The SNLRML library has been tested by




Table 1.

Sources of Evaluated Cross Sections

June 1990, mod 0

Section Data for Fusion Reactor Applications.

ENDF/B-VI | 319 evaluations,
replaced ENDF/B-V general purpose and dosimetry Sept. 1991, mod 1
tape. mod 2 tbd ~ July 1993
IRDF-90 Replaced IRDF-82, 1990
44 partial evaluations for reactor dosimetry. 1993 mod tbd
GLUCS ORNL dosimetry set, 1990
14 reactions with cross isotope correlations,
source for new ENDF/B-V], 1993
update covariance in 1993,
JENDL-3 171 element Japanese Evaluated Library. 1990
JENDL-DOS | 42 element JENDL Dosimetry Library. 1992
JEF-2.2 344 element Joint Evaluated File by NEA. Jan. 1993
BROND 76 USSR evaluated cross sections. 1987/1990
mod tbd
CENDL 50 element Chinese Evaluated Nuclear Data Library 1992
[57, 58].
ENDEF/B-V | Evaluated Nuclear Data File by CSEWG. 1979-81
IRDF-82 40 element International Reactor Dosimetry File. 1982
ENDL LLNL Evaluated Cross Sections [13]. 1978-84
DOSCROS84 | 74 element multi-group compendium of ENDF/B-V 1984
and IRDF-82 [14].
Private Evalu- | Includes pre-ENDF evaluations [15], -
ations partial dosimetry-oriented evaluations [16, 17].
FENDL-2 International Library of Neutron Activation Cross 1992




Table 2.

Contents of SNLRML Library

"UB(n,abs) ENDF/B-VI - Very useful as a cover material to push neutron sensor response
o above thermal region. Uses covariance from (n,a) reaction.
2. |1%8(s,X)*He ENDEF/B-VI -- - - Used in LWR PV surveillance material damage studies.
o Uses covariance from (n,c) component.
11(n,abs) ENDF/B-VI - - - Often mixed with 1B in cover material.
Natg(n, abs) ENDF/B-VI - - - Typical boron cover material is **B (19.9% 1°B, 80.1% 1'B).
) Uses covariance from 1°B(n,a) reaction.
5. |emihB,C(n,abs) ENDF/B-VI — v Standard SNL B,C boron ball.
[ ) Uses covariance from 1°B(n,a) reaction.
6. |SLi(n,X)*He ENDF/B-VI — Used in LWR PV surveillance.
) Uses covariance from SLi(n,t)*He reaction.
7. | F(n,2n)18F IRDF-90 °® - - Disagrees with recent ENDF/B-VI evaluation.
Analysis of recommended source is pending.
8. |®Na(ny)*Na ENDF/B-VI L 4 - No recent dosimetry evaluation available. The JENDL-3 cross sec-
tion is under consideration for selection.
9. |%Mg(n,p)*Na IRDF-90 e / / ENDF/B-VI is format translation of ENDF/B-V.
10. [ ZAl(n,p) Mg GLUCS/IRDF-90 ® - 7/ ENDE/B-VI is format translation of ENDF/B-V. Uses updated
GLUCS covariance.
11. | ZAl(n,a)*Na IRDF-90 o 7/ 7/ ENDF/B-VI is format translation of ENDF/B-V.
12. NallSi(n,X)lMEV private, ORNL - 7 v/ Expected to be in ENDF/B-VI release 4, ASTM E-722-93 standard.
13.  [3p(n,p)’si IRDF-90 °® - - No recent dosimetry evaluation.
14.  [3%s(n,p)’?P GLUCS/IRDF-90 ° / - Incorporates latest ORNL analysis, large std. dev. Uses updated
1993 GLUCS covariance.




Table2. Contents of SNLRML Library (Continued)

N

15. [*Sc(n,y)*Sc ENDF/B-VI ® 7/ No recent d&sime&y evalnation.
16. | *Ti(n,p)*®sc GLUCS/IRDF-90 ° 7/ - ENDF/B-VI is a format translation of ENDF/B-V.
Uses updated 1993 GLUCS covariance matrix.
17. | *'Ti(n,p)*’Sc IRDF-90 GLUCS / - ENDF/B-VI is a format translation of ENDF/B-V.
Incorporates latest Mannhart analysis.
Uses 1993 GLUCS updated covariance matrix.
18. | #"Ti(n,np)*Sc ENDF/B-VI L J - - No recent dosimetry evaluation.
19, | NeTi(n,X)*6sc private - v/ 4 IRDF-90 (n,p) and re-normalized ENDF/B-VI (n,np) component.
20. | *®Ti(n,p)**sc GLUCS/IRDF-90 || GLUCS v/ v/ ENDF/B-Vl is a format translation of ENDF/B-V.
IRDF-90 covariance processing €rror.
Uses updated 1993 GLUCS covariance.
21. | ®Ti(n,np)*’Sc ENDF/B-VI ® - - No recent dosimetry evaluation.
22. N"'I‘i(n,)()"’Sc private .- 7/ - IRDF-90 (n,p) and re-normalized ENDF/B-VI (n,np).
23. > Mn(n,y)Mn ENDF/B-V E6 v/ - Specifically reject ENDF/B-VI resonance height for iterative
unfolds.
24.  |5Mn(n,20)**Mn ENDF/B-VI o - -
25. |>*Fe(n,p)**Mn ENDF/B-VI GLUCS 7/ 7/ Same as GLUCS but with some smoothing of unphysical features.
Covariance updated with 1993 GLUCS, ENDF will follow.
26. | 5%Fe(n,p)’’Mn ENDF/B-VI GLUCS 7/ - Same as GLUCS.
Covariance replaced by 1993 GLUCS, ENDF will follow.
27. Fe(n,yy Fe ENDF/B-VI @ ? - Does not fit SNL fast fission data, OK for pool-type reactors.
The JENDL-3 cross section is under consideration for selection.
28. ﬂ‘TI“e(n,X)dpa ASTM E 693 - - - Used as a common exposure function. ASTM standard E693-79.
ENDF/B-VI Significant differences with ESa above 10 MeV.




Table2. Contents of SNLRML Library (Continued)

30. |>Coln.y)™Co SF/B-VI E5 —7 S

31. | %Co(n,a)y*Mn ENDF/B-VI o - -

32, |®Co(n,2ny*Co IRDF-90 ° - -

33, [%®Ni(n,p)’3Co ENDF/B-VI GLUCS v v/ Same as GLUCS with some smoothing.
Covariance updated with 1993 GLUCS, ENDF will follow.

34, | 5®Ni(n,20)"'Ni ENDF/B-VI M - 7/

35, | ®Ni(n,p)®Co ENDF/B-VI ° = - Significant change from ENDF/B-V dosimetry tape.

36. |%Cu(ny®Cu ENDF/B-VI °® - -

37. [5Cu(n,2n)%*Cu IRDF-90 ® - - Investigation of GLUCS and IRDF-90 differences is pending.

38. 53Cu(n,a)mCo ENDF/B-VI GLUCS - - Significant change from ENDF/B-V dosimetry tape.
Covariance updated with 1993 GLUCS, ENDF will follow.
Does not fit SNL fast fission unfolds.

39. |%Cu(n,2n)*Cu ENDF/B-VI GLUCS - 7/ Same as GLUCS with some smoothing.
Covariance updated with 1993 GLUCS, ENDF will follow.

40. |%Zn(n,p®Cu IRDF-90 o 7/ 7/

41, [9Zr(n,20)%7¢ IRDF-90 ® 7/ 7/ ENDF/B-VI is format translation of ENDF/B-V.

42. | GaAs(n,X)1MeV Private —— - - PKA-dependent damage efficiency required to match device dam-
age data. Used in ASTM standard E-722-93.

43. | Nb(n,y)*Nb ENDF/B-VI M) - —

44. | 9Nb(n,2n)"Np IRDF-90 M — 7/ Cross section to metastable state not in ENDF/B-VL

45. |%Nv(n,n’)™Nb IRDF-90 ® - - Cross section to metastable state not in released ENDF/B-VI, but
private communication indicates that it will be added.
Analysis of effect of private communication instead of IRDF-90 is
pending.




Table2. Contents of SNLRML Library (Continued)

46. Mo(n,y)” Mo JENDL-3 - v/ - No recent dosimetry-oriented evaluation.

47. | TORn(n,n’)%mRy, IRDF-90 ® - - Cross section to metastable state not in ENDF/B-VL

48. | ®Ag(n,y)T0mag DOSCROS84 - - DOSCROS84 is the only library that includes a ratio to metastable
state.

49, | N*Cd(n,abs) JENDL-3 —— v/ - No new ENDF/B-VI evaluation.

50. | Bin(n,y)!®in ENDF/B-VI o ? - New evaluation, identical to ENDF/B-V dosimetry tape. Thermal
response conflicts with 197 Au(n,y)!®®Au.

51. | Bn(,n’)P™n IRDF-90 M ? - Slight difference between IRDF-90 and ENDF/B-VI, cause is inad-

vertent absence of latest update to metastable cross section in
ENDEF/E-VI library. Often this sensor conflicts with fission foils.

52. | 1271(n,2n)'%% ENDF/B-VI ES - -
53. (19 Au(,p)’pt ENDF/B-VI - - -
54. 1wum(u;y)lﬁAu ENDF/B-VI IRDF-90 4 - ENDF/B-VI deleted covariance matrix pending additional review.
55. | 7Au(n,20)"%Au IRDF-90 ® - -
56. |19Au(n,3n)%Au ENDF/B-VI — - - Significant change from ENDF/B-V dosimetry tape.
| 57. | N®Au(n,abs) ENDF/B-VI — 7/ -
e Covariance for 197 Au(n,y) reaction used.
58. |Z2Th(n,y)*>Th ENDF/B-VI o - - No recent dosimetry-oriented cvaluation.
59. | B2Th(n,20)"Th ENDF/B-VI —— - - No recent dosimetry-oriented evaluation.
60. |Z2Th(n,HFP. ENDF/B-VI ® - - No recent dosimetry-oriented evaluation.
61. |Z5U@,fFP. ENDF/B-VI IRDF90 / - Covariance deleted from ENDF/B-VI pending additional review.
62. U(n,f)F.P. ENDF/B-VI IRDF90 /7 - Covariance deleted from ENDF/B-VI pending additional review.
v4 .

63. | Z'Np(n,HFP. ENDF/B-VI ES5d




Table 2.

Contents of SNLRML Library (Continued)

64. [“Pu(n,fFP. ENDF/B-VI JENDL-3d v/ - Error in processing ENDF/B-VI covariance due to ratio technique,
JENDL-3d used instead.
65. |**1Am(n,fFP. ENDF/B-VI o - - Significant difference with IRDF-82. Processing error in covari-
ance due to ratio technique, JENDL-3d (which was taken from
ENDF/B-V and is identical to ENDF/B-VI) used instead.
66. |RML Enriched Uranium ||ENDF/B-VI IRDF90 v/ - Includes 2*U, 26U, 28y contaminants, normalized to one atom of
Fission Foil clemental uranium.
67. |RML Depleted Uranium ||ENDF/B-VI IRDF90 / - Includes 24U, 25U, 25U contaminants, normalized to one atom of
Fission Foil clemental uranium. 235U is a major thermal fission contaminant.
68. |RML Plutonium Fission ||[ENDF/B-VI JENDL-3d 7/ - Includes 233pu, 240py, 241py, 242py, 2357, B'Np contaminants, nor-
Foil malized to one atom of elemental plutonium.
240py causes a shape change in dosimeter cross section.
69. [32s-3MeV GLUCS/IRDF-90 ° 7/ - Sensor for flux transfer calibration of 32S(n,p) 2P activities.
This sensor can only be used when sulfur is calibrated with the
252Cf fluence greater than 3 MeV.




unfolding over twenty-five reactor neutron spectra and comparing the resulting spectra
with previous determinations. This comparison has been presented to the dosimetry
community and peer-reviewed [9, 10].

There are significant differences between the ENDF/B-V and new ENDF/B-VI dosimetry
cross sections for some reactions. Many dosimetry reactions were found to differ in the
region above 7 MeV. The 83Cu(n,)%°Co reaction, shown in Figure A-38a, is one example.
In this case, despite the significant change in the shape of the cross section, folding the cross
section in with a fission reactor spectrum results in very little (2-5%) difference in the
resulting activity. For most dosimetry reactions, the ENDF/B-V and ENDF/B-VI cross
sections were in very good agreement below 7 MeV. The 8Fe(n,y)® Fe reaction, shown in
Figure A-27a, was an exception. When this cross section is folded with typical fission
reactor spectra, the resulting calculated activities from ENDF/B-V and ENDF/B-VI cross
sections differ by 30-60%.

3. CROSS SECTIONS

3.1 Comparisen of Cross Section Evaluations

Appendix A summarizes the cross section libraries that provided evaluations for each of the
sensors included in the SNLRML library. Comparison plots for all reaction cross sections
from the various dosimetry libraries are also provided in Appendix A. The cross section
selected for inclusion in the SNLRML is highlighted in the Appendix tables. Section 5
provides some comments of the selection criteria used for each dosimetry sensor.
Covariance plots for the reaction evaluations in the SNLRML library are provided in
Appendix B.

The SNLRML library includes all dosimetry-quality sensors that the RML expects to use
for routine dosimetry applications. The library also includes some damage measures, such

as the GaAs 1-MeV-equivalent damage and the N3'Fe displacement per atom (dpa) cross
section, that are not recommended for use as dosimetry sensors but are widely used as
€xposure parameters.

The selection of dosimetry-related cross sections for inclusion in the SNLRML library, in
cases where the authors did not have extensive experience with the specific reaction and its
consistency with other dosimetry sensors, has been biased in favor of the IRDF-90 library
over the JENDL-3 Dosimetry Library. This approach was due to several considerations.
First, the authors of the JENDL-3 Dosimetry Library did not perform a detailed analysis of
the covariance matrix for the specific reaction; rather they adopted the IRDF-85 covariance
matrix. This decision may not correctly reflect the covariance in cases where new
experimental data have resulted in significant changes in the evaluation. Second, the
IRDF-90 library evaluations were often based on the application of a statistical
methodology with careful selection/renormalization of experimental data [17, 18], while
the JENDL-3 Dosimetry Library was often based on fitting of theoretical model
calculations to the experimental data [19].



3.2 Sensor Sensitive Region

The RML supports neutron dosimetry for a wide range of environments. The range in
neutron spectra are fairly well bracketed by considering the Sandia Pulsed Reactor (SPR-
III) central cavity and the Annular Core Research Reactor (ACRR) central cavity. Figure
1 compares the differential number spectra for these two well characterized benchmark
fields. The SPR-III reactor is an unmoderated fast-burst reactor with a cylindrical fuel

assembly of uranium enriched to 93% 235U. The central cavity spectrum represents a very
hard fission neutron spectrum (Eavg = 1.25 MeV), moderated only by the reactor fuel. The
ACRR is a pool-type reactor with BeO:UO, fuel enriched to 35% 235y and with 21.5%
UO,. The central cavity spectrum represents a soft water-moderated neutron spectrum
(Eavg = 0.66 MeV).
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o m.; P T SPR3CAV18: SPR-III Central Cavity |
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Figure 1. Representative Neutron Spectra Available at SNL Radiation Facilities

A good neutron spectrum determination requires the use of dosimetry sensors that span the
complete energy range of the source. The usefulness of specific dosimetry sensors for
spectrum determination and the energy region over which they are sensitive is, however,
very dependent upon the spectrum in which they are irradiated and on the presence of cover
materials that are typically used to reduce the sensor sensitivity to thermal neutrons. This
coupling between a good sensor set (which has full energy coverage) and the spectrum
itself that is to be determined can greatly complicate the job of spectrum unfolding. A good
spectrum characterization at SNL may utilize 30 different sensors to ensure good energy
coverage and sensor consistency.

In choosing the sensors to use in a spectrum characterization, the sensor energy sensitivity,
reaction half-life, and reaction cross section must be considered. Appendix C provides the



recommended reaction half-lives for all sensors in the SNLRML library. Appendix D
provides guidelines to the energy sensitivity of the sensors. Table D-1 provides spectrum-
averaged cross sections and 95% response regions for bare and B4C-covered foils in the

SPR-III central cavity spectrum (spectrum SPRCAV18). Table D-2 provides the same data
for the ACRR central cavity (spectrum ACF9). These tables show that the sensitive region
in soft spectra can be very dependent upon the presence of sensor covers. The energy-range
sensitivity shown in these tables should bracket that found from most fission spectra used
in the testing/characterization of radiation-hardened electronic parts. Similar data are
available for thermal neutron spectra (such as that typically used in neutron radiography)
and for 14-MeV D-T sources.

3.3 Evaluation-Dependence of Calculated Activities

The first question that a user of the SNLRML library may ask is “How will use of this new
cross section library change my dosimetry?” The second question is, “How sure are you of
these new data?” The answers to these questions will require a detailed discussion of the
particular application and the dosimetry sensors involved. The covariance data in
Appendix B should provide information on the reliability of the new data. Table 3 shows
the effects of the new cross sections on the spectrum-averaged activity for the two
representative spectra, the SPR-III central cavity and the ACRR central cavity. Table 3
does not include all of the reactions in the SNLRML library since some of the sensors are
closely related to another sensor, some of the cross sections did not have a recent evaluation
and did not change, and some of the library sensors are not commonly used by the
community.

Table 4 provides a comparison of the spectrum-averaged cross section for many of the
sensors included in the SNLRML library with other recent dosimetry-quality evaluations

(usually the JENDL-3 Dosimetry Library) available within the dosimetry community.

Table 3. Effect of New Cross Sections on Reaction Activities

1. |1 F(n,én)l ENDF/B-Va IRDF-90 1.1533 1.1553
2. | #Na(n,y)**Na ENDF/B-Vd ENDF/B-VI 1.0003 0.9997
3. | #Mg(n,p)**Na ENDF/B-Va IRDF-90 0.9728 0.9723
4, | Z7Al(n,p)*"Mg ENDF/B-Vd GLUCS 1.0695 1.0674
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Table 3.

Effect of New Cross Sections on Reaction Activities (Continued)

27Al(n,a)?*Na ENDF/B-Vd IRDF-90 0.9967 0.9982

6. | No'si(n,X)1IMEV STM Private 1.0973 1.0829
E722-85 ASTM E722-93

7. | 31p(n,p)*Isi ENDF/B-Va IRDF-90 1.184 1.1926
8. | 3s(n,p)*?P ENDF/B-Vd GLUCS 1.0836 1.08296
9. | ¥sc(n,y)*sc ENDF/B-Vd ENDF/B-VI 1.0 (exact) 1.0 (exact)
10. | NatTi(n,X)*6sc ENDF/B-Vd Private 1.0718 1.0731
11. | *8Ti(n,p)*8sc ENDF/B-Vd GLUCS 1.033 1.03549
12. | Ne'Ti(n,X)47sc ENDF/B-Vd Private 1.235 1.2332
13. | >*Mn(n,y)°*Mn ENDF/B-Va ENDF/B-Va 1.0 (exact) || 1.0 (exact)
14. | *Mn(n,2n)>*Mn ENDF/B-Vd ENDF/B-VI 0.9536 0.9523
i3, | >*Fe(n,p)**Mn ENDF/B-Vd ENDF/B-VI 1.0006 1.00062
16. | 36Fe(n,p)*Mn ENDF/B-Vd ENDF/B-VI 1.0013 1.0032
17. | 38Fe(n,y)*°Fe ENDF/B-Vd ENDF/B-VI 0.6239 0.9458
18. | 5°Co(n,p)*°Fe ENDF/B-Va ENDF/B-VI 1.080 1.0939
19. | 3°Co(n,y)®°Co ENDF/B-Vd ENDF/B-VI 1.0686 0.9954
20. | 3°Co(n,a)**Mn ENDF/B-Vd ENDF/B-VI 0.9747 0.9704
21. | 39Co(n,2n)*8co ENDF/B-Vd IRDF-90 1.0032 1.0021
22. | *8Ni(n,p)*8Co ENDF/B-Vd ENDF/B-VI 0.9873 0.9856
23. | 38Ni(n,2n)*'Ni ENDF/B-Vd ENDF/B-VI 0.89325 0.8933
24. | %ONi(n,p)*Co ENDF/B-Vd ENDF/B-VI 1332 1.3249
25. | $3cu(n,y)%*Cu ENDF/B-Vd ENDF/B-VI 0.9272 1.0435

11
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Effect of New Cross Sections on Reaction Activities (Continued)

Table 3.

0.9783
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26. | %3Cu(n,2n)%2Cu IRDF-82 IRDF-90 0.9774
27. | $3Cu(n,x)5%Co ENDF/B-Vd ENDFB-VI || 10535 1.0652
28. | $Cu(n,2n)*Cu ENDF/B-Vd ENDF/B-VI 0.990 0.9912
29. | %4zn(n,p)®Cu IRDF-82 IRDF-90 W 09313 || 093029
30. | %0Zr(n,2n)¥zr ENDF/B-Va IRDF-90 1.0413 1.04117
31. | Nb(n,y)**™Nb ENDF/B-Va ENDFB-VI || 0970 0.9577
32. | %3Nb(n,2n)*?™Nb DOSCROS84 IRDF-90 1143 | 11335
33, | 93Nb(n,n’)>>™Nb IRDF-82 IRDF-90 1147 || 11517
34, | 98Mo(n,y)*Mo ENDF/B-Va JENDL-3 4 0.7947 1.042
35. | 103Rn(n,n’)!%3mRR IRDF-82 IRDF-90 1.0017 1.0017
36. | 1%51n(n,y)!16™n ENDF/B-Vd ENDF/B-VI 1.0 (exact) || 1.0 (exact)
37. | W31n(n,n’)115m1p ENDF/B-Vd IRDF-90 0.9652 0.9644
38. | 1271(n,2n)126] ENDF/B-Vd ENDF/B-VI || 1.0(exact) || 1.0(exact)
39. | 197Au(n,y)!%8Au ENDF/B-Vd ENDF/B-VI 1002 | 0.9999
40. | 17Au(n,2n)!%Au || ENDE/B-va IRDF-90 09650 || 0968
41. | RML Enrichedyy 25y ENDF/B-Vd || ENDF/B-VI 1.075 1.071
235y(n,f)FP. ENDE/B-Vd ENDF/B-VI 1.015 0.9961
42. | RML Depletedy; 238y ENDF/B-Vd || ENDF/B-VI 0.9879 0.4996
238y(n,HFP. ENDEF/B-Vd ENDF/B-VI 1.0024 1.00199
43, | Z'Np(n,HF.P. ENDE/B-Vd ENDF/B-VI 1.027 || 1.0307
44, | RML Pu 239y ENDF/B-Vd || ENDF/B-VI 1.070 1.1286
23%y(n,H)F.P. ENDF/B-Vd ENDEF/B-VI 1.0071 0.99586




Table 4.

Effect of Alternate Cross Sections Selections on Reaction
Activities

“19F(n,2n)18F JENDL-3d IRDF-90 1.137 1.146

2. | Na(n,y)**Na JENDL-3d ENDF/B-VI 0.79719 1.0026
3. | #*Mg(n,p)**Na JENDL-3d IRDF-90 1.0656 1.060
4. | 27A1(n,p)*'Mg JENDL-3d GLUCS 1.0756 1.071
5. | 2Al(n,a)%*Na JENDL-3d ||  IRDF-90 " 0.9552 0.9563
6. | 3P(.p)*'si JENDL3d || IRDRS0 ||  1.294 1.303
7. | 32(n,p)3%p JENDL-3d GLUCS 1.0735 1.0705
Fu 1.039 1.037

8. | 4°Sc(n,y)*6Sc JENDL-3d ENDF/B-VI 1.21 0.9993
9. | Netty(n,X)*sc JENDL-3d Private 1.0805 1.082
10. | “8Ti(n,p)*8sc JENDL-3d GLUCS 1.0221 1.023
11. | NetTi(n, X)*7sc JENDL-3d Private 1.071 1.071
12. | 55Mn(n,y)**Mn JEF 22 ENDF/B-Va 1.2167 1.023
13. | 5>Mn(n,2n)>*Mn JENDL-3d ENDF/B-VI 0.99927 0.9992
14. | 34Fe(n,p)**Mn JENDL-3d ENDF/B-VI 0.994 0.9909
15. | 55Fe(n,p)*Mn JENDL-3d ENDF/B-VI 1.0185 1.0241
16. | 58Fe(n,y)*°Fe JENDL-3d ENDF/B-VI 0.968 1.106
JEF 2.2 0.8818 1.041

17. | 3%Co(n,p)*°Fe JENDL-3 ENDF/B-VI | 1.377 1.0442
18. | 39Co(n,y)¥Co JENDL-3d ENDF/B-VI 1.039 1.002
19. | °Co(n,a)*Mn JENDL-3d ENDF/B-VI 1.0815 1.072
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Table 4.

Effect of Alternate Cross Sections Selections on Reaction
Activities (Continued)

0.9942
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2. | °Co(n,2n)*%Co JENDL-3d IRDF-90 0.9947

21. | 8Ni(n,p)*8Co JENDL-3d ENDF/B-VI 1.0025 1.004
2. | 38Ni(n,2n)*’Ni JENDL-3d ENDF/B-VI 0.962 0.9617
2. | Ni(n,p)°Co JENDL-3d ENDF/B-VI 1.338 1.337
24. | 3Cu(n,y)®Cu JENDL-3d ENDF/B-VI " 0.8024 “ 0.9958
25. | 63Cu(n,20)%2Cu JENDL-3d IRDF-90 ur 1.057 |L 1.057
[ 26. | $Cu(n,a)®Co JENDL3d ENDF/B-VI 10566 | 1068
27. | $5Cu(n,2n)%Cu JENDL-3d ENDF/B-VI 1.0336 1.0337
8. | 4Zn(n,p)®Cu JENDL-3d IRDF-90 11075 || 11096
2. | 9%r(n,2n)89Zr JENDL-3d IRDF-90 || 1.0395 # 1.041
30. | 93Nb(n,y)**™Nb JENDL-3 ENDF/B-VI 1.0143 0975
31. | >Nb(n,2n)**™Nb JENDL-3d IRDF-90 1154 || 11447
32 | PNb(n,n’)>>™Nb JENDL-3d IRDF-90 1.0503 1.052
3. | 1271(n,2n)1261 JENDL-3d ENDF/B-VI 1.202 1.2035
34, | 197 Au(n,y)1%8Au JENDL-3d ENDF/B-VI 0.995 1.001
35. | 197Au(n,2n)!%%Au JENDL-3d IRDF-90 1.0317 1.0254
36. | 235U(n,HEP. JENDL-3d ENDF/B-VI 1.007 0.9883
37. | 28y(n,HFP. JENDL-3d ENDF/B-VI 1.013 i 1.0135
38. | 2'Np(n,H)FP. JENDL-3d ENDF/B-VI 1.011 1.011
39, | 23%uy(n,HF.P. JENDL-3d ENDF/B-VI 0.9999 1.0015




3.4 Nuclear Constants

The nuclear, atomic, and reaction constants were taken from the best available references
and are presented in the tables in Appendix B. In the case of the emission gamma energies
and emission gamma probabilities, the data came from the on-line (as the library existed in
November 1992) Evaluated Nuclear Structure Data File (ENSDF) [20] at the National
Nuclear Data Center (NNDC) at Brookhaven National Laboratory (BNL). In the case of
the reaction half-lives, the data came from the nuclear data file derived from Evaluated
Nuclear Structure Data File (ENSDF) and Nuclear Wallet Cards (NUDAT), an on-line

database at the NNDC. In a few cases (e.g. 2>Na) the data were superceded by data taken
from community standards databases, such as Lemmel’s detector calibration standards
[21], instead of ENSDF. When this happened, a notation is made in the section 5 discussion
of the reaction. Unit time conversions were performed assuming 1 yr (tropical) =
365.24220 d = 31556926 s. The conversion data were taken from Zijp [22] and are
consistent with 24 h = 1 d.

The target atom atomic weight and the isotopic number abundance were taken from the
Nuclear Wallet Cards [23]. The isotopic abundance data in the Nuclear Wallet Cards was,

in turn, derived from Holden [24]. The isotopic mass excesses were taken from Firestone
(25].

The fission yield data in Table 2 comes from the initial ENDF/B-VI release. These data are
the same as the ENDF/B-V data. Modified ENDF/B-VI data are still under development
by Tal England. These new data will be adopted as soon as they are available. The
independent fission yield is taken from the MT=454 ENDF data and is designated as RI.
The cumulative fission yield is taken from the MT=459 ENDF data and is designated as
RC. Allfission yield data given in Table 2 are associated with an incident neutron energy
of 0.5 MeV and corresponds to a fast fission event. If the user of this cross section
compendium is concerned about fission events induced by thermal neutrons or by 14-MeV
neutrons, he should refer to the ENDF fission yield tapes for the recommended data.

4. USE IN SPECTRUM DETERMINATIONS

4.1 Fission Spectrum Determination

Spectrum adjustment at Sandia National Laboratories is done primarily with an enhanced
version of the SAND-II methodology [11, 26]. When the new cross section library was
assembled for the reactions in use at the Sandia RML, 15 previously determined spectra
[27] were re-analyzed. Integral parameters, such as the spectral index (SI) and hardness
parameter (HP) {defined by Kelly [27]), were not significantly altered by the updated cross
sections. The quality of the fits, in terme of smoothness and standard deviation of
experimental versus calculated activity, was slightly worse for the updated cross sections,
but acceptable. Some problems were seen with resonances in specific reactions. This may
be due to the fact that experience has led to the exclusion of certain ENDF/B-V dosimetry
reactions that do not fit a large body of data. This process of “weeding out” poorly defined
reactions is just beginning for the ENDF/B-VI cross sections.
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This work has indicated that the 4’Ti(n,p) reaction, which had previously been excluded
from the Sandia foil set based on a poor match with ENDF/B-V data for almost all reactor
spectra, is now in acceptable agreement with the other reactions in that energy region.
However, the resonances in the 0.3 to 2.0 keV energy region for the Mn(n,y)**Mn
reaction, that previously was consistent with other reactions in this region, produced
anomalous “bumps” in the spectrum. This happened in each of the spectra studied. In 14 of
the 15 spectra the conflict could not be resolved through the elimination of only one of the
other foils. The “bumps” were introduced in the very first iteration of the spectral fit. This
indicates that the poor agreement is not due to the tendency of iterative unfolding methods
to “over-fit” the data, but rather is a problem with the cross sections.

4.2 14-MeV Spectrum Characterization

The new cross sections were empirically tested for consistency [10] by using fourteen foils/
reactions to characterize the spectrum and fluence of the Sandia DT neutron generator. The
characterization of 14-MeV neutron sources was found to be very dependent upon the
consistent application of a given cross section set. The most recent evaluations (updated
ENDF/B-VI and IRDF-90 evaluations) result in a decrease of about 0.3 MeV in the neutron
energy from DT sources when compared to previous results based on ENDF/B-V data. DT
neutron flusnce estimates from the SNLRML library cross section evaluations are at least
as tightly clustered as those from previous ENDF/B-V data. Results based solely on new
evaluations within the SNLRML library are more tightly clustered than ENDF/B-V results.

5. NOTES ON INDIVIDUAL REACTIONS

Several of the dosimetry reactions in Table 2 require some additional comments to fully
understand the library comparison and the rationale behind the choices reflected in the
contents of the SNLRML library. Full understanding of the derivation of these cross
sections is critical if the dosimetry cross sections are to be used at another facility. The
following subsections will provide the rationale for the choice of the cross section
evaluations that were included in the SNLRML library. In addition, sufficient details on
the derivation of any special cross section are provided to allow a reader to duplicate the
data provided in this document.

5.1 19B(n,abs)

108 js used as the active material in boron covers. The large (over 10* b at thermal
energies) long 1/v (n,y) absorption cross section can be used to shift the response of a
dosimetry sensor from the thermal energies into the keV energy region. Boron covers are
almost always used with fission foils. They can also be combined with foils such as

1SﬂAu(n,y)198Au, which are typically used to define the thermal energy spectrum, to
provide better sensor coverage of the keV energy region.
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The ENDF/B-VI library (revision 1) provides the most recent 108 cross section evaluation.

This cross section was adopted by the JEF-2 library. 108 covariance data for all of the
absorption channels are not provided by any available cross section compilation.

The absorption cross section, as included in the SNLRML library, includes all absorption
processes [(n,Y), (n,p), (n,a), (n,d), (n,t2a)] and not just the (n,y) component. This is a
significant modification over the previous community standard boron cover cross section
that was distributed in the DOSDAMS84 [14] library and usually interfaced with the SAND-
II spectrum unfolding code. The other absorption processes are not important for sensors
in the thermal and keV energy region, but the details of the high energy cover cross section

are important for some reactions, such as 237Np(n,t)F.P., that have a significant high energy
response. The effect of the high energy cover cross section can also be important in the

application/interpretation of monitor foils [such as 58Ni(n,p)SSCo or 32S(n,p)32P] that are
used to combine activities from several different irradiations to obtain a spectrum.

It should be noted that most spectrum unfolding codes that use cover cross sections only
treat the effect of the cover material as an exponential attenuation. If boron covers are used
in a case where high energy scattering processes are important, then a true sensor response
and not an exponentially attenuated cross section may be needed. The true sensor response
can be obtained by doing an adjoint radiation transport calculation through the cover
material using the dosimetry sensor cross section as the adjoint transport source.

5.2 19B(n,X)*He
This is a frequently used damage sensor in the light-water pressure vessel surveillance
community. The data were derived by combining the ENDF/B-VI reactions that produced

helium as a sum of the 10B(n,ot)7Li (MT=107) and twice the wB(n,ta)“He (MT=113) cross
sections.

An inspection of the plots in Figures A-2a and A-2b shows a considerable difference in the
“He production for high energy neutrons. This difference is usually not of practical concern

since the production of “He by low energy neutron interaction typically dominates. The
IRDF-90 helium production cross section only considers the direct (n,a) reaction as
extracted from the ENDF/B-VI evaluation. The actual ENDF/B-VI cross section includes
the (n,t2a) breakup interaction. The JENDL-3 and ENDF/B-VI cross sections agree very
well in their cross sections for these two reactions. However, the JENDL-3 cross section

also indicates which (n,n’) inelastic scattering reactions result in a 1°B nucleus that breaks
up into a deuteron and two alphas. While the ENDF/B-VI cross section models the inelastic
scattering cross section to discrete states as well as to the continuum, it does not indicate
which excited states will result in breakup.

Figure A-2b also shows the ENDF/B-V dosimetry tape evaluation of the 1B helium

production cross section. This cross section is identical to the ENDF/B-V 10B gas
production tape. The new ENDF/B-VI evaluation was done by the same laboratory and the
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comments indicate that the evaluators incorporated new data and adjusted the (n,a) cross
section above the standard region (thermal to 100 keV) for better consistency with other
cross sections.

Since the 1%B(n, o) reaction is considered an ENDF/B-VI standard cross section, ENDF/B-
VI data were adopted for this element in the SNLRML library. The activation Handbook
[28] indicates that the recommended range for use of this reaction as a standard cross
section is thermal to 250 keV [29, 30]. The reader is warned, as discussed above, that the

helium contribution from the inelastic excitation and subsequent breakup of 10B is not
included in this term. Future versions of this library may remedy this omission.

The phase 1 reviewers of the ENDF/B-VI standard cross sections have expressed concern
that the uncertainties resulting from the combination of R-matrix and simultaneous
evaluations might have led to uncertainties that are too small. As a result, detailed
covariance data will be added to the ENDF/B-VI files at a later time. The Standards
Subcommittee (at the May 1990 CSEWG meeting) has produced a set of expanded
covariance estimates for the standard cross section reactions. These uncertainties are
estimates such that if a modern-day experiment were performed on a given standard cross
section using the best techniques, approximately 2/3 of the results should fall within these
expanded uncertainties. These estimates can be found in the comment section of the
ENDEF/B-VI evaluation. A recent publication [30] documents the final ENDF/B-VI
CSEWG-endorsed standard cross sections and uncertainties. The Activation Handbook
[28] also includes comments that indicate the uncertainty estimates for this reaction may be

too low. Poenitz [31] recommends that the 6Li(n,c:t) cross section be used as a reference

cross section below 100-150 keV until a more reasonable data base for the 1054,
interactions becomes available.

Since a complete covariance matrix is required for the SNLRML library, the covariance
matrix is taken from the IRDF-90 library and represents the covariance matrix for the (n,or)
reaction, which was drawn from a pre-release version of the original ENDF/B-VI
evaluation. As such, this covariance matrix is not endorsed by the phase 1 reviewers of the
ENDF/B-VI standard cross sections as mentioned above.

5.3 11B(n,abs)

Various enrichments of boron are used in boron covers. 11B absorption cross section is
included in the library to allow users to combine the absorption cross section for 108 and,
118 in a ratio reflective of the enrichment in their cover boron material.

The ENDF/B-VI library (revision 1) provides the most recent 1P cross section evaluation

and is consistent with the 19B cross section selection. Significant differences in the keV to

MeV energy region are noted between the JENDL-3 and the ENDF/B-VI absorption cross
sections.
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See section 5.1 for cautions in the application of cover cross sections.

5.4 Nalg(p ahs)
Natural boron is a common cover material. Natural boron is composed of 19.9% 1B and
80.1% 11B. The Na'B absorption cross section is a combination of the cross sections

discussed in sections 5.1 and 5.3 and are taken from the ENDF/B-VI library. The 19B cross
section dominates at all energies and the differences between cross section evaluations was
found to be small.

See section 5.1 for cautions in the application of cover cross sections.

5.5 Enrichedg c(n,abs)

The SNL RML uses a 91.67% '9B-enriched B4C ball to cover fission foils. The boron
absorption of low energy neutrons is often used to move the response of sensors from the
thermal into the resonance region. A comparison of the 10g, 11, ang Natc absorption cross

sections in Figures A-5a and A-5b shows that the 1B absorption is the dominant influence
at all energies. Note that if B4C is specified as the cover material, then the cover thickness,

typically expressed in atoms per barn, must correspond to the B4C atom thickness and is

not the same as an equivalent 108 atom thickness. The SNLRML library B4C cover is

mixed with the atom number fractions and normalized to a single atom. Thus, the input
SAND-II cover thickness for B4C must be relative to the number of atoms in the cover

material and not the number of B4C molecules. For example, the SNL RML uses a B4C
ball (77.08% weight fraction of boron or 80.0025% number fraction using exact isotopic

weights for the conversion), which has a thickness of 1.03 cm and a density of 2.5 gm/cm3,
to cover its fission foils. This corresponds to a cover thickness of 0.14808 atoms/barn of

B4C. If the cover material is modeled as pure 1OB, then an atom thickness of 0.10863
atoms/barn of 1B must be used.

5.6 SLi(n,X)%He
This is a frequently-used damage sensor in the light-water pressure vessel surveillance
community. The data were derived by combining the ENDF/B-VI reactions that produced

helium as a product from the 6Li(n,t)“He reaction (MT=105) and the inelastic cross section

that results in an excited state of SLi that decays into a deuteron and an alpha particle
(MT=4 minus MT=57).

An inspection of Figures A-6a and A-6b shows a moderate difference in the *He production
for high energy neutrons. This difference is usually not of practical concern since the

production of “He by low energy neutrons typically dominates. The IRDF-90 helium
production cross section only considers the 6Li(n,t)“He reaction. The ENDF/B-VI and
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JENDL-3 cross sections include the contribution from the (n,n’) inelastic reactions that

result in an unstable nucleus that subsequently breaks up into a deuteron and an alpha
particle.

See section 5.2 for a discussion of the covariance matrix for ENDF/B-VI standard cross
sections. The activation Handbook [28] indicates that the recommended energy range for
use of this reaction as a standard is thermal to 100 keV [29]. A recent publication [30]

recommends the 6Li(n,t)“He reaction as a CSEWG standard for energies below 1 MeV.

The covariance matrix included with this library was taken from the IRDF-90 library and

represents the covariance data for the 6Li(n,t)*He reaction drawn from a pre-release version
of the ENDF/B-VI cross section. As such, the covariance matrix is not endorsed by the
phase 1 reviewers of the ENDF/B-VI standard cross sections.

5.7 '9F(n,2n)'eF

The 19F(n,2n)18F reaction is not typically used at the RML because it decays by  emission
and has no strong gamma line. Thus, we have no validation data for this reaction. The high
energy threshold for this reaction makes it useful primarily for fusion spectra.

The most recent cross section evaluation came from the ENDF/B-VI library, but the {n,2n)
component of this evaluation was based on calculations (with the TNG code) rather than
measurements. The European dosimetry community, which had access to the ENDF/B-VI

cross sections, chose to incorporate an IRK 19F(n,2n)18F evaluation in the IRDF-90
Library. Furthermore, the ENDF/B-VI cross section curve in Figure A-7a shows a piece-
wise segmented structure that is not thought to be physical and would cause problems if this
cross section was applied to the energy characterization of a 14-MeV neutron source [10].
Since the IRDF-90 library is tailored towards dosimetry applications, in the absence of
more information on the evaluations, the IRDF-90 cross section was chosen for inclusion
in this dosimetry compendium. A new IRK evaluation has been done [17] and will be
adopted by the upcoming IRDF-93 revision to IRDF-90. This evaluation was not yet
available to the authors, but will be adopted in the next version of the SNLRML Library.

5.8 2Na(n,y)*’Na

There are no recent cross section evaluations for 2:"Na(n,\()")"‘Na that emphasize dosimetry
applications, The ENDF/B-VI cross section is merely a format translation of the ENDF/B-
V cross section. There is also no significant disagreement in the cross sections from the
available libraries (except in a resonance near 10 keV). In the absence of better dosimetry-
oriented evaluations and since the ENDF/B-V 23Na(n,y)24Na dosimetry cross section has
been fairly well validated for a wide range of fission spectra at SNL, for which its

sensitivity range extends down to 30 keV, the ENDF/B-VI evaluation was selected for
inclusion in the compendium.

20




The JENDL-3 Dosimetry Library includes a 23Na(n,y)z“Na cross section and covariance
matrix. The cross section for this reaction is identical to that contained in the JEF 2.2
library and the JENDL-3 general purpose library. The covariance data were taken from the

IRDF-85 %3Na evaluation. Since the JENDL-3 Dosimetry Library (as opposed to the
JENDL-3 General Purpose Library) only recently became available to the authors, a careful
evaluation of the internal consistency of the dosimetry library cross sections is still

underway. The JENDL-3 Dosimetry 23Na(n,y)z“Na cross section appears to be consistent
with other cross sections in spectrum unfolds performed at SNL and may indeed be better
than the ENDF/B-VI data. Concern about the JENDL library adopting the IRDF-85
covariance matrix, rather than performing a careful evaluation of the covariance consistent
with their new evaluation, leads us to include the JENDL-3 data in the library as an
alternative cross section rather than adopting it as a recommendation at this time.

The 23Na(n,y)z“Na evaluation must be used with care. Work at SNL has indicated that the
cross section is consistent for spectrum determinations of pool-type reactors, such as the
ACRR central cavity, where the majority of the sensor response comes from the resonance
region. However, for fast burst reactor spectra, such as the SPR-III central cavity, much
of the sensor response is moved into the 0.100 to 2.9 MeV region and shows moderate
disagreement with other foils in this region. This cross section has self-consistency
problems between the resonance region and the high energy region. Self-consistency

between the resonance and MeV energy region of the BN a(n,y)**Na reaction is an issue for
all of the available cross section libraries, JENDL-3 and ENDF.

The #Na decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

59 2*Mg(n,p)**Na

The ENDF/B-VI 24Mg(n,p)24Na cross section is just a format translation of the ENDF/B-
V data and exhibits a piece-wise discontinuous representation for this reaction. The IRDF-
90 data provides the most recent dosimetry-oriented evaluation and was chosen for
inclusion in the SNLRML library. The differences in spectrum-averaged cross sections
between the IRDF-90 and the ENDF/B-VI cross sections is minimal for both fission and
14-MeV sources. The IRDF-90 evaluation provides a smooth representation of the cross
section at high energies.

The JENDL-3 Dosimetry Library is identical to the JENDL-3 General Purpose Library
cross section. The JENDL-3 covariance matrix is taken from the IRDF-85.

The #Na decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

21



5.10 27Al(n,p)*"Mg

The ENDF/B-VI 27Al(n,p)27Mg cross section is just a format translation of the ENDF/B-
V data. The most recent dosimetry-oriented cross section is from the GLUCS library. The
- GLUCS cross section was incorporated into the IRDF-90 library. Since the IRDF-90
library is more readily obtained than the GLUCS library, the SNLRML library cross section
reference is given as IRDF-90. For energies between 7 and 15 MeV there are significant
differences in the cross sections from different libraries. The JENDL-3 library

27Al(n,p)z"Mg cross section lacks some of the low energy structure that is found in the
other evaluations and this difference may be important in a spectrum determination.

H. Vonach discovered that some of the GLUCS covariance matrices were singular, D.
Hetrick traced the problem to the use of a ENDF/B-V covariance matrix that was not
positive definite. The 1993 update to the GLUCS data provided new positive definite
covariance matrices. The SNLRML library covariance matrix is taken from the 1993
GLUCS results.

The difference between the ENDF/B-VI (ENDF/B-V) and IRDF-90 (GLUCS) fission-
spectrum-averaged cross section is very small.

5.11 27Al(n,a)**Na
The ENDF/B-VI cross section is just a format translation of the ENDF/B-V data, The most
recent dosimetry-oriented evaluations are from the GLUCS and IRDF-90 library. The

differences between these evaluations are very small for fission spectrum unfolding
applications.

The IRDF-9u evaluation was chosen for inclusion in this compendium. This decision is
based on maintaining a reference consistency between the (n,p) and (n,a) dosimetry
components and the fact that the European dosimetry community had access to the GLUCS
cross sections when they chose to use an IRK evaluation. If users are sensitive to cross
section differences in the 7 to 13 MeV region, the GLUCS library should be re-examined.

The Activation Handbook [28] indicates that this reaction is widely employed as a standard
for dosimetry and activation measurements (32]. The recommended energy region for use
of this reaction as a standard is from 11 to 20 MeV.

The %*Na decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.12 Nalgjin X)1MeV

Silicon has recently gained attention as a dosimetry sensor because it has response in the
energy region between 200 keV and 1 MeV that is not covered by widely used dosimetry

foils. Fission foils or some reactions with soft gammas, such as the 93Nb(n,n’)93mNb, have
response in this same region, but are not available at most dosimetry laboratories. The
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silicon damage is typically measured as resistivity changes in Van der Pauw samples due
to changes in the carrier removal rate, degradation in carrier lifetime or total light output in
LEDs, and as gain changes due to minority-carrier-lifetime degradation in bipolar devices
(such as 2N2222 transistors). The silicon response function is displacement damage, which
has been found to correspond to the silicon displacement kerma. Damage ratios for 14-
MeV spectra and a wide variety of fission spectra have validated [33] this correspondence
to within experimental uncertainty (~ 6%).

The silicon displacement kerma was calculated with the NJOY code [34], version 91.38.
RECONR was used to do resonance reconstruction at 0 K, BROADR was used to include
doppler resonance broadening at 300 K, and GROUPR was used to collapse the kerma
components to a 640 group energy structure using a weighting function (IWT=4) that
included a thermal Maxwellian tail (with a 0.1 eV thermal break and a 0.025 eV thermal
temperature), a 1/E scattering component, and a fission component (with a fission break
point of 0.1 MeV and a fission temperature of 1.4 MeV).

A ORNL silicon evaluation [15] was used for 28Si. This is the cross section that is expected
to be incorporated in release 4 of the ENDF/B-VI library. Silicon displacement kerma from
this evaluation was chosen because it was used to establish the correlation between
observed device damage and silicon displacement kerma and because this response
function has been adopted by the ASTM community for inclusion in the E 722-93 standard
on 1-MeV equivalent damage [35].

5.13 3'P(n,p)3'si

The recommended 31P(n,p)3!Si cross section for dosimetry applications is the 1980 IRDF-
90 evaluation. The JENDL-3 evaluation is more recent (1987), but this library does not
have a dosimetry orientation and does not show cross section structure that is reflected in

both the IRDF and ENDF evaluations. The JENDL-3 Dosimetry Library 31p cross section
is identical to the JENDL-3 data and shows a piece-wise segmentation. The ENDF/B-VI
cross section is a format translation of ENDF/B-V, which, in turn, was a format translation
of the 1977 ENDL cross sections.

This is not a reaction that SNL has used in any of its spectrum unfolds. The 31Sj isotope
decays through B decay and does not have a good gamma signature (only 0.07% of the
decays result in a 1.2662 MeV gamma). Since this reaction was supported in the
DOSCROS84 library it is included in this compilation as an aid to the dosimetry
community.

514 325(n,p)32P

The sulfur (n,p) dosimetry cross section has a very complicated and confusing history.
There are three ENDF/B-V evaluations, one full evaluation, one in the activation library,
and one in the dosimetry library. The activation and full evaluations are very similar,
differing only near the reaction threshold energy. The dosimetry cross section differs
significantly from the other two and shows considerable structure in the threshold region
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between 2 and 5 MeV. The ENDF/B-VI library required full evaluations and thus adopted
the older ENDF/B-V full evaluation.

The most recent careful dosimetry cross section evaluation was done as part of the GLUCS
cross-correlaiion study at ORNL. The ORNL cross section was adopted by the IRDF-90
community and is included in the SNLRML library. The reference for the sulfur (n,p)
dosimetry cross section in the SNLRML library is given as IRDF-90 even though the
original work was done as part of the ORNL GLUCS library. This choice was made
because the IRDF-90 library is more readily available to the dosimetry and radiation effects
community for checking and validation purposes.

The use of new cross sections for the 32S(n,p)32P reaction is complicated since this reaction
is typically read with a beta counting system that uses a transfer calibration with a NIST
252Cf jrradiation. The fission spectrum-averaged cross section changes about the same

amount as the 252Cf spectrum-averaged cross section; thus, the calibration procedure
cancels out (to a large extent) the effect of the change in cross section. However, the
calibration procedure introduces additional uncertainty related to the exact shape of the

252¢f fission spectrum. Mannhart [36] has suggested changes in the 22Cf spectrum

relative to that currently employed by NIST for calibration purposes. The Mannhart 252¢f
fission neutron spectrum has been adopted by the ENDF/B-VI library and appears in Tape
200, MAT=9861, MT=18, MF=5. See section 5.69 for further discussion of the importance
of correlating the sulfur activity with the B-counting system calibration.

Some work on the 32S(n,p)32P reaction by Fu [37] at ORNL differs from the ORNL/
GLUCS/IRDF data at high energies (> 4.5 MeV). The difference in the Fu cross section

at high energies can couple with the 252Cf transfer calibration procedure to affect the
fission spectrum-averaged cross section by a couple of percent. There is some indication
that the Fu cross section, when properly related to the Sandia/NIST transfer calibration

procedure, may provide better agreement with the SNL 58Ni(n,p)58C0 monitor foil, The
situation is not completely clear at this time since the effect is small and difficult to separate
from fluctuations in counting statistics and transfer calibrations. Since the dosimetry
community tends to favor the GLUCS/IRDF shape, that is what is currently incorporated

into the SNLRML library. The Fu cross section is under additional study for foil
consistency.

H. Vonach discovered that some of the GLUCS covariance matrices were singular. D.
Hetrick traced the problem to the use of a ENDF/B-V covariance matrix that was not
positive definite. The 1993 update to the GLUCS data provided new positive definite
covariance matrices. The SNLRML library covariance matrix is taken from the 1993
GLUCS results.

24




5.15 9%5sc(n,y)%sc

There are no recent dosimetry-oriented evaluations of this reaction. The ENDF/B-VI cross
section, which was adopted from the ENDF/B-V evaluation, is adopted for inclusion in the
SNLRML library. The JENDL-3 cross section, which did not emphasize dosimetry
applications, will be monitored since it is more recent and shows some disagreements with
ENDEF at high neutron energies (> 0.1 MeV). The response to this cross section is generally
driven by epithermal-energy neutrons.

The 46Sc decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.16 46Ti(n,p)*8sc

The latest dosimetry-oriented cross section data come from the ORNL GLUCS and were
incorporated in the IRDF-90 library. These data were adopted by the SNLRML library.

H. Vonach discovered that some of the GLUCS covariance matrices were singular. D.
Hetrick traced the problem to the use of an ENDF/B-V covariance matrix that was not
positive definite. The 1993 update to the GLUCS data provided new positive definite
covariance matrices. The SNLRML library covariance matrix is taken from the 1993
GLUCS results.

The 46Sc decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation

517 Ti(n,»)*"sc

The SNL RML has not been able to use this dosimetry sensor for many years because it
could not be made consistent with other foils. This has been confirmed, informally, by other
laboratories. Mannhart [38] has shown that the disagreement related to difficulties in
normalizing differential and integral data. He proposed a normalization change to the
ENDF/B-V data which was found to make this reaction consistent with other dosimetry
sensors in SNL spectrum unfolds. His analysis has been incorporated and extended in the
GLUCS-90 release (which considers cross reaction correlations). The GLUCS/ORNL data
have been, in turn, incorporated in the IRDF-90 library and has been adopted by the
SNLRML library.

The IRDF-90 cross section file for *’Ti indicates that the data were taken from ENDEF/B-
VI. This is an error in documentation. There is no new ENDF/B-VI 47Ti evaluation; the

ENDF/B-V data were adopted for ENDF/B-VI. New “’Ti(n,p)*’Sc data should have
appeared in the ENDF/B-VI cross sections, but was left out due to a miscommunication
with the evaluators. The IRDF-90 library compilers went directly to the ENDF material
evaluator for a pre-release version of the cross section and were not aware of the
miscommunications. This situation should be remedied in release 2 of ENDF/B-VI.
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The data in the IRDF-90 library is presented in a different numerical form than GLUCS,
but the resulting cross section is nearly identical to the GLUCS-90 data.

H. Vonach discovered that some of the GLUCS covariance matrices were singular. D.
Hetrick traced the problem to the use of a ENDF/B-V covariance matrix that was not
positive definite. The 1993 update to the GLUCS data provided new positive definite
covariance matrices. The SNLRML library covariance matrix is taken from the 1993
GLUCS results.

5.18 %7Ti(n,np)%¢Sc

There is no recent dosimetry-oriented evaluation of the 47Ti(n,np)46Sc: reaction. Some data
exist for energies near 14 MeV, but no complete energy-dependent evaluations were
available. The JENDL-3 and JENDL-3 Dosimetry Libraries include this reaction, but have
covariance matrices taken from the IRDF-85 library. The ENDF/B-V data, which were
incorporated in ENDF/B-VI, were adopted in the SNLRML library pending further
analysis of the JENDL-3 Dosimetry Library.

The 46Sc decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.19 Nattin X)46sc

An important consideration for many experimenters who use natural titanium foils is that

the 47Ti(n,np)*Sc reaction produces the same activation product as “Ti(n,p)*Sc. This
(n,np) contribution to the observed activity can be important for spectra with a high energy

(>12 MeV) component. Meadows and others [39] have advocated characterizing the

NatTj(n,X)*6Sc reaction while retaining a normalization to a per 46Tj atom in elemental
titanium. A similar reporting convention has been adopted in the JENDL-3 Dosimetry
Library; however, they report the cross section per elemental Ti atom and not per isotopic
atom.

Since the 47’I‘i(n,np)46Sc reaction is not well characterized (it has a large standard
deviation), this component has been added with a normalization factor to the 47Ti(n,p)47Sc

cross section so that the N3'Ti(n,X)*Sc cross section matches evaluations and experiments
at 14.7 MeV [39].

The #6Sc decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation
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5.20 “8Ti(n,p)%8sc

The most recent dosimetry-oriented 48Ti(n,p)*8Sc cross section evaluation is from the
ORNL GLUCS library. These data were incorporated into the IRDF-90 and adopted by the
SNLRML library.

H. Vonach discovered that some of the GLUCS covariance matrices were singular. D.
Hetrick traced the problem to the use of an ENDF/B-V covariance matrix that was not
positive definite. The 1993 update to the GLUCS data provided new positive definite
covariance matrices. The SNLRML library covariance matrix is taken from the 1993
GLUCS results.

5.21 “8Ti(n,np)*’Sc

There is no recent dosimetry-oriented evaluation of the 48Ti(n,np)‘wSc reaction. Some data
exist for energies near 14 MeV, but no complete energy-dependent evaluations were
available. The ENDF/B-V data, which were incorporated in ENDF/B-VI, were adopted in

the SNLRML library. The flat top on the 48Ti(n,np)*’Sc cross section above 18 MeV
raises questions about the fidelity of the cross section shape in this region. The JENDL-3
representation is probably a better shape and may be adopted when further analysis of the
titanium cross sections is completed. '

5.22 NatTin x)47sc

An important consideration for many experimenters who use natural titanium foils is that

the *8Ti(n,np)*’Sc reaction produces the same activation product as 47Ti(n,p)47SC. This
(n,np) contribution to the observed activity can be important for spectra with a high energy

(>12 MeV) component. Meadows and others [39] have advocated characterizing the

N‘“Ti(n,X)‘”Sc reaction while retaining a normalization to a per 47Ti atom in elemental
titanium. A similar reporting convention has been adopted in the JENDL-3 Dosimetry

Library, however, they report the cross section per elemental Ti atom and not per isotopic
atom.

Since the 48T: i(n,np)47Sc reaction is not well characterized, this component has been added

with a normalization factor to the 47Ti(n,p)47Sc cross section so that the N'Ti(n,X)*7Sc
cross section matches evaluations and experiments at 14.7 MeV [39].

5.23 5Mn(n,y)*Mn

Resonance reactions are very useful in determining the unfolded spectrum in the 1031010
keV energy region. However, the resonances in the 0.3 to 2.0 keV energy region for the

55Mn(n,y)S"’Mn reaction, which previously was consistent with other reactions in this
region, produced anomalous “bumps” in the spectrum when ENDF/B-VI cross sections are
used. This happened in each of the spectra studied. In 14 of the 15 spectra the conflict could
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not be resolved by eliminating only one of the other foils. The “bumps” were introduced in
the very first iteration of the spectral fit. This indicates that the poor agreement is not due
to the tendency of iterative unfolding methods to “over-fit” the data, but rather is a problem
with these cross sections. The difference in cross section shape is rather minor, and only
involves the resonance peaks. The difference between evaluations probably relates to the
ratio of the resonance cross sections to the cross section above 100 keV (where most of the

sensor response is for fast neutron spectra). The typical 55Mn(n, y*Mn spectrum-
averaged cross section only differs by 2 to 3% between the ENDF/B-V and ENDF/B-VI
evaluations for fission spectra. This difference in cross sections may only be important
when unfolds are performed with fine energy structures in iterative unfolding codes, such

as SAND-II. Because of this problem, the default 55Mn(n,y)s‘sMn cross section in the

SNLRML library was taken from ENDF/B-V. The ENDF/B-VI 55Mn(n,y)56Mn Cross

section is included so that knowledgeable users can further address reaction consistency in
the resonance region.

The 55Mn(n,y)56Mn evaluation must be used with great caution. Work at SNL has
indicated that the cross section is consistent for spectrum determinations of pool-type
reactors, such as the ACRR central cavity, where the majority of the sensor response comes
from the resonance region. However, for fast burst reactor spectra, such as the SPR-III
central cavity, much of the sensor response is moved into the 0.100 to 2.4 MeV region and
shows moderate disagreement with other foils in this region. The ENDF/B-V cross section
is more consistent than the ENDF/B-VI or JENDL data, but it still has self-consistency

problems between the resonance region and the high energy region for the 55Mn(n,y)55Mn
reaction.

5.24 55Mn(n,2n)%Mn

The ENDF/B-VI >>Mn(n,2n)**Mn cross section represents a new evaluation and has been

adopted in the IRDF-90 library. It was chosen for inclusion as a baseline cross section in
the SNLRML library.

The 3*Mn decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation

5.25 S54Fe(n,p)**Mn

The latest dosimetry-oriented 54Fe(n,p)s“Mn cross section evaluation has been done by
ORNL. Their evaluations have been included in the ENDF/B-VI library which has been,
in turn, adopted by the IRDF-90. There are some slight differences between the ORNL
GLUCS evaluations and the ORNL contribution to ENDF/B-VI. The differences arose in
smoothing out unphysical features that resulted from the cross-reaction correlations used in
the GLUCS evaluation. The SNLRML library will follow the IRDF-90 and ENDF/B-VI
standards in its reccommended cross section.
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H. Vonach discovered that some of the GLUCS covariance matrices were singular. D.
Hetrick traced the problem to the use of an ENDF/B / covariance matrix that was not
positive definite. The 1993 update to the GLUCS data provided new positive definite
covariance matrices. The SNLRML library covariance matrix is taken from the 1993
GLUCS results. The next ENDF/B-VI release is expected to update the covariance matrix
to the GLUCS 1993 results.

The *Mn decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.26 58Fe(n,p)5Mn

The latest dosimetry-oriented 56Ff.:(n,p)s‘SMn cross section evaluation has been done by
ORNL. This cross section appears in the GLUCS library and was adopted by the ENDF/
B-VI and the IRDF-90 libraries. The SNLRML library reflects this community consensus.

This reaction is frequently used to measure fast-neutron fluences, especially near 14 MeV.

This is the same energy range covered by the 27 Al(n, o) reaction. Use of the 56Fe(n,p)S‘SMn
cross section is recommended in the energy range from 11 to 20 MeV [28]. The Activation
Handbook 29 details some of the controversy over the ENDF/B-V cross section evaluation
for this reaction. There was a belief that the uncertainty data may have been too low. The
ENDF/B-VI evaluation appears to have answered most of the communities’ concern. Since
the ENDF/B-VI evaluation agrees with the GLUCS simultaneous evaluation and has been
accepted in the IRDF-90 library, it appears that this reaction can be used as a reference.

H. Vonach discovered that some of the GLUCS covariance matrices were singular. D.
Hetrick traced the problem to the use of a ENDF/B-V covariance matrix that was not
positive definite. The 1993 update to the GLUCS data provided new positive definite
covariance matrices. The SNLRML library covariance matrix is taken from the 1993
GLUCS results. The next ENDF/B-VI release is expected to update the covariance matrix
to the GLUCS 1993 results.

5.27 58Fe(n,y)%Fe

The latest dosimetry-oriented s8Fc(n,y)59Fe cross section has been evaluated by ORNL.
This cross section was adopted by the ENDF/B-VI and the IRDF-90 libraries. The
SNLRML library reflects this community consensus.

The previous ENDF/B-V dosimetry library evaluation for this reaction was inconsistent
with other dosimetry sensors in the resonance energy region and could not typically be used
in spectrum unfolding. The new ENDF/B-VI evaluation must still be used with great
caution. Work at SNL has indicated that the ENDF/B-VI cross section is consistent for
spectrum determinations of pool-type reactors, such as the ACRR central cavity, where the
majority of the sensor response comes from the resonance region. However, for fast burst
reactor spectra, such as the SPR-III central cavity, the sensor response is moved into the
0.200 to 2.5 MeV region and disagrees by 15%-30% with other foils in this region. The
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new cross section is a significant improvement over the ENDF/B-V dosimetry data, but it
still has problems in the high energy region and should not be used for routine dosimetry.

The consistency of the JENDL-3 58Fe(n,‘\()ngc cross section with other dosimetry sensors
is being evaluated. Initial examinations suggest that it has the same problem in fitting hard
neutron spectra from fast-burst assemblies. A CENDL-2 evaluation exists but has not yet
been analyzed.

5.28 Natre(n X)dpa

This reaction is a commonly used exposure unit in the light-water reactor industry and is
used in pressure vessel surveillance programs. The response data are taken directly from
the ASTM E 693-79 standard [40]. As specified in the ASTM standard, these data are
based on the ENDF/B-1V cross sections, the use of the Lindhard model of energy partition

between atoms and electrons [41], and the IAEA recommended conversion of damage
energy to displacements [42].

No covariance matrix is currently available for this reaction. If this sensor is treated as an
exposure parameter and the response function is held constant by all users, then no
uncertainty is attributed to the use of this response function. The uncertainty remains with
regard to establishing a correlation between this exposure parameter and a particular
damage mechanism.

5.29 59Co(n,p)59Fe

The new ENDF/B-VI cross section has been adopted in the SNLRML library. This cross
section differs significantly from the previous ENDF/B-V activation library data for
neutron energies above 10 MeV. The JENDL-3 cross section is very similar to the ENDF/
B-VI evaluation.

5.30 5%Co(n,y)%°Co

The ENDF/B-VI data were adopted by the IRDF-90 library and are used in the SNLRML
library. Figure A-30b shows that there is some disagreement between the ENDF/B-VI and
JENDL-3 libraries in resonance location and magnitude in the 3 - 10 keV energy region and
significant disagreement above 1 MeV. Since most of the response to fission reactor
spectra comes from the 0.1 keV resonance, which is identical in all evaluations, validation
work from spectrum unfolding does not aid in choosing between these evaluations.

The °Co decay half-life and gamma emission probabilities were taken from Lemmel [21])
rather than the ENSDF compilation.

5.31 5%Co(n,x)%®Mn
The ENDF/B-VI data were adopted by the IRDF-90 library and are used in the SNLRML
library. The ENDF/B-VI cross section is very similar to the ENDF/B-V cross section, but
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deviates from the JENDL-3 evaluations near 14-MeV. Because of the low activity and high
reaction threshold this reaction is not typically used at the SNL RML.

5.32 59Co(n,2n)%8Co
The IRDF-90 cross section is adopted in the SNLRML library. There are small differences
between recent ENDF/B-VI, JENDL-3 Dosimetry, and IRDF-90 evaluations. This reaction

is not generally used at the SNL RML due to low activity; thus, we have adopted the IRDF
recommendation.

Figure A-32b shows that the reaction threshold energy is significantly different in the
JENDL-3 as compared to the IRDF-90 and ENDF/B-VI libraries.

The 38Co decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.33 58Ni(n,p)8Co

The 58Ni(n,p)58C0 reaction is very commonly used as a monitor for irradiations. The most
recent dosimetry-oriented evaluation is from the ORNL GLUCS work. The low-energy
(up to 6 MeV) GLUCS results were adopted by the ENDF/B-VI community. From 6 to
13 MeV, there was disagreement among the experimental data, and a compromise was
adopted by the ORNL evaluators and the ENDF community. Above 13 MeV, calculations,
confirmed by some measurements, were used. The IRDF-90 adopted the ENDF/B-VI
evaluations. The JENDL-3 evaluation is very close to the ENDF/B-VI data.

There is a significant difference between the GLUCS work and the ENDF/B-VI at energies
above 13 MeV. This is because the GLUCS work used a trial cross section taken from the
ENDF/B-V Dosimetry File and had no sensors or cross-reaction correlation data to perturb
the trial cross section.

H. Vonach discovered that some of the GLUCS covariance matrices were singular. D.
Hetrick traced the problem to the use of a ENDF/B-V covariance matrix that was not
positive definite. The 1993 update to the GLUCS data provided new positive definite
covariance matrices. The SNLRML library covariance matrix is taken from the 1993
GLUCS results. The next ENDF/B-VI release is expected to update the covariance matrix
to the GLUCS 1993 results.

The 38Co decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.34 58Ni(n,2n)5"Ni

The ENDF/B-VI cross section was adopted for use in the SNLRML library. This cross
section is indistinguishable from that adopted by the IRDF-90 community. The JENDL-3
cross section is very close to ENDF/B-VI evaluation. Both JENDL-3 and ENDF/B-VI
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have significantly larger cross sections above 14-MeV than is found in the ENDF/B-V
Dosimetry Library.

5.35 SONi(n,p)5°Co

The ENDF/B-VI data were chosen for use in the SNLRML library. This cross section was
also adopted for the IRDF-90 library. These data represent a significant shape change from
the ENDF/B-V Dosimetry data and from the recently evaluated JENDL-3 data.

The 50Co decay half-life and gamma emission probabilities for the 1925.5 d ground-state
were taken from Lemmel [21] rather than the ENSDF compilation.

5.36 %3Cu(n,y)®4Cu

The ENDF/B-VI evaluations were used in the SNLRML Library. The IRDF-90
community also adopted this evaluation. This represents only a small change from ENDF/
B-V data. Both the ENDF/B-VI and ENDF/B-V evaluations were performed at ORNL.
The high energy (above 0.1 MeV) JENDL-3 cross section shows significant deviations
from the ENDF/B-VI data.

5.37 %3cu(n,2n)®2cu

The most recent dosimetry-oriented cross section evaluation for the 63Cu(n,2n)‘52Cu
reaction is found in the GLUCS work. This evaluation was adopted by the ENDF/B-VI.
Figure A-37b shows that the IRDF-90 recommendation differs only slightly from the

ENDE/B-VI evaluation. The IRDF-90 release contains the ENDF/B-VI $3Cu(n,2n)2Cu
evaluation as well as the IRK recommendation.

5.38 %3cu(n,»)®°Co

-4
The most recent dosimetry-oriented evaluation of the 63Cu(n,ct)mCo reaction is found in
the GLUCS work.” The GLUCS evaluation wa;, adopted by ENDF/B-VI and IRDF-90

communities. This cross section represents a significant shape change over the ENDF/B-
V Dosimetry cross section.

Data at SNL for fast fission spectra conflict with this measured activity. The reaction is
currently being studied.

H. Vonach discovered that some of the GLUCS covariance matrices were singular. D.
Hetrick traced the problem to the use of an ENDF/B-V covariance matrix that was not
positive definite. The 1993 update to the GLUCS data provided new positive definite
covariance matrices. The SNLRML library covariance matrix is taken from the 1993
GLUCS results. The next ENDF/B-VI release is expected to update the covariance matrix
to the GLUCS 1993 results.
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The 50Co decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.39 5Cu(n,2n)%*Cu

The most recent dosimetry-oriented evaluation of the 65Cu(n,2n)64Cu reaction is found in
the GLUCS work. The GLUCS (n,2n) reaction evaluation was adopted by ENDF/B-VI
with some smoothing near 20 MeV. The JENDL-3 and ENDF/B-V Dosimetry data are
nearly identical to the ENDF/B-VI results.

H. Vonach discovered that some of the GLUCS covariance matrices were singular. D.
Hetrick traced the problem to the use of an ENDF/B-V covariance matrix that was not
positive definite. The 1993 update to the GLUCS data provided new positive definite
covariance matrices. The SNLRML library covariance matrix is taken from the 1993
GLUCS results. The next ENDF/B-VI release is expected to update the covariance matrix
to the GLUCS 1993 results.

5.40 %4Zn(n,p)%Cu

The most recent dosimetry-oriented evaluation comes from the IRDF-90 community.

There is no ENDF %4Zn evaluation. The JEF-2.2 and JENDL-3 reaction evaluations show
a significantly different shape in the 5 to 10 MeV energy region.

The IRDF-90 cross section is similar to the IRDF-82 data. The 64Zn(n,p)‘54Cu reaction is
routinely used in spectrum unfolds at SNL and is consistent with other high energy
(sensitive in the 2 to 7 MeV region) reactions.

5.41 99Zr(n,2n)%%zr
ENDF/B-VI adopted the older ENDF/B-V zirconium cross section evaluation. The
recommended dosimetry cross section comes from the IRDF-90 library. The JENDL-3,

ENDF/B-V, IRDF-82, and IRDF-90 cross sections for 20Zr(n,2n)®Zr are all very similar.

5.42 GaAs(n,X)1MeV

GaAs 1-MeV equivalent damage is frequently requested as an exposure parameter in the
testing of radiation-hardened electronics. The ASTM E 722-93 standard [35] has recently
adopted a GaAs damage function. This damage function is not identical to the GaAs
displacement kerma, but includes a semi-empirical primary knock-on atom (PKA) energy-
dependent efficiency factor that was determined from comparisons of device damage in
fission, DD, and DT neutron spectra. The SNLRML library has adopted the ASTM
recommended damage factor. The origin of this damage factor is discussed by Griffin [43].

The GaAs displacement kerma was calculated with the NJOY code [34], version 91.38.

RECONR was used to do resonance reconstruction at 300 K, and GROUPR was used to
collapse the kerma components to a 640 group energy structure using a weighting function
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(IWT=4) that included a thermal Maxwellian tail (with a 0.1 eV thermal break and a 0.025
eV thermal temperature), a 1/E scattering component, and a fission component (with a
fission break point of 0.1 MeV and a fission temperature of 1.4 MeV). A 10 eV threshold
damage energy was used to partition the displacement and electronic damage energies.
Modifications were made to the NJOY code to incorporate the PKA-energy dependent
damage efficiency term in the DF function subroutine. This damage efficiency function is
shown in Figure 2.
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Figure 2. GaAs PKA-Energy-Dependent Damage Efficiency Function

The ENDF/B-VI N2'Ga cross section was used for gallium. The ENDL 75As cross section

evaluation was used for arsenic. The ENDF/B-VI 73As file does not contain the gamma
production data. In order to subtract out the energy that goes into gammas from that
available for atomic displacements, the ENDL evaluation was used. Figure A-42c shows
the differences between the ENDF/B-VI and ENDL displacement kermas. Figure A-42d
compares the displacement kerma and the kinematic kerma limit for ENDF/B-VI and

ENDL evaluations of 7>As. Some problems are seen with the energy balance for ENDL
evaluation at low neutron energies (as evidenced by the displacement kerma exceeding the
kinematic kerma limit). However, the importance of subtracting the photon energy is seen
by the difference between the kinematic kerma limit and the displacement kerma for
energies above 100 keV. The SNLRML library cross section selection preserves the
fidelity of the high energy displacement kerma since the major part of the GaAs device
damage for typical fission spectra comes from neutron energies above 100 keV.
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5.43 9Nb(n,y)®*Nb

The ENDF/B-VI 93Nb(n,y)94Nb evaluation was chosen for inclusion in the SNLRML
library. This is not a reaction used at the SNL RML for routine spectrum unfolds. The
major difference between the ENDF/B-VI, ENDF/B-V, JEF-2.2, and JENDL-3 evaluations
is in the depth of the resonances in the 0.01 to 1 keV region. The resonance peaks are very
similar.

5.44 93Nb(n,2n)*2™Nb

The IRDF-90 cross section for the 93Nb(n,2n)92mNb reaction was adopted in the SNLRML
library. The IRDF-90 cross section is based on Strohmaier’s work [16] and shows
considerable differences from the earlier DOSCROS84 cross sections.

The ENDF, JENDL-3, and BROND evaluations give the total reaction cross section but do
not separate the component that populates the metastable state. The DOSCROS84 results
used the ENDF/B-V data and a population ratio of 0.4 to describe the excitation of the
metastable state. It was not felt that this excitation ratio could be separated from the cross
section for which it was derived.

The JENDL-3 Dosimetry Library does identify the (n,2n) cross section that populates the
92mNb state and is very similar to the IRDF-90 cross section.

An updated 93Nb(n,2n)93mNb cross section evaluation has been performed by Wagner
[17]. This new evaluation changes the cross section below 13 MeV, so that it more closely
agrees with the JENDL Dosimetry evaluation, but leaves the cross section above 13 MeV
very similar to the IRDF-90 evaluation. As soon as the cross section evaluation becomes
available to the authors it will replace the IRDF-90 entry in the SNLRML library. It is
expected that the new Wagner evaluation will be incorporated in the IRDF-93 library.

5.45 93Nb(n,n’)?3™Nb

The ENDEF/B-VI cross section did not initially include the (n,n’) contribution to the
metastable state. The cross sections to the individual inelastic excited states were given,
but a unique branching ratio to the metastable state is not given. Figure A-45b compares
the (n,n’) cross section for the first inelastic state for several cross section evaluations.
Figure A-45c shows that even if the ENSDF nuclear structure information is used to
provide the metastable state branching ratios for the ENDF/B-VI-modeled discrete
inelastic states, the inelastic continuum contribution to the metastable state cannot be
properly modeled. A pre-release ENDF/B-VI cross section is available that contains the
cumulative (n,n’) contribution to the metastable state in a comment section. These data are
expected to be incorporated into File 8 in the next ENDF/B-VI release.

The IRDF-90 cross section was selected as the recommended description of this cross
section.  This decision is based on the discussion of the 93Nb(n,n’)%mNb Cross section

35



by Strohmaier [44]. Figure A-45a shows that the IRDF-82 cross section is very close to the
ENDF/B-VI pre-release cross section and the JENDL-3 Dosimetry cross section.

The 2>™Nb decay half-life and the K, x-ray decay energy and yield were taken from
Lemmel [21] rather than the ENSDF compilation. Note that, in accordance with Lemmel
[21], the K, x-ray line includes both the K1 and K5 lines. The gamma decay energy and
yield were taken from the ENSDF.

5.46 %8Mo(n,y)**Mo

The 98Mo(n,y)ggMo reaction is not typically used at SNL for spectrum unfolds. Previous
attempts to use this reaction have shown that it did not agree with other dosimetry reactions.
This reaction is not typically considered a dosimetry-quality cross section and covariance
matrices for this reaction are not available to the authors.

The ENDF/B-VI library adopted the ENDF/B-V activation tape evaluation. The SNLRML
library adopted the most recent evaluation, the JENDL-3 evaluation completed in August
1989, for inclusion in the library.

5.47 103Rh(n,n’)193MRK

The 103Rh(n,n’)103“’Rh reaction decays with a very soft gamma that requires a thin
window on the gamma counter. This reaction is not used at the SNL RML.

The IRDF-90 library provides the recommended cross section information. These data
were incorporated into the SNLRML library. The ENDF/B-VI library adopted the ENDF/
B-V fission product data and does not provide branching ratios for determining the final
metastable state population. The JENDL-3 Dosimetry evaluation is adopted from the
IRDF-8S data.

5.48 109ag(n,y)119mAg

The ENDF/B-VI data were adopted from the ENDF/B-V fission product tape. None of the
standard evaluations report the branching ratios to the metastable state. The DOSCR0OS84
library is based on the ENDF/B-V activation tape cross section and uses a branching ratio

of 5.299x102 from Zijp [45]. The DOSCROS84 data for this reaction are used in the
SNLRML library. A new CENDL-2 evaluation of this reaction is available [57] but has not

yet been analyzed. This evaluation will be considered in future versions of the SNLRML
Library.

5.49 Nacd(n,abs)

Cadmium is used as an activation foil cover material. The thermal cross section below 0.2
eV is largely eliminated when a foil is covered with this material. The ENDF/B-VI cross
section was taken from the ENDF/B-V library and only includes the (n,y), (n,p), and (n,o)
reactions. The JENDL-3 elemental cadmium evaluation was used in preparing the
SNLRML library cover cross section since it includes many other absorption cross section
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components. The (n,y) contribution provides all of the significant thermal-energy
attenuation. The other reactions have a significant contribution only for high neutron
energies and are typically not important. Figures A-49b and A-49¢ show the JENDL-3
absorption cross section components.

See section 5.1 for cautions in the application of cover cross sections.

5.50 Sin(n,y)11%Mn

The ENDF/B-VI 115In(n,'y)u‘smln cross sections were chosen for inclusion in the
SNLRML library. This cross section is identical to the ENDF/B-V Dosimetry Library
cross section.

The JENDL-3 Dosimetry Library cross section is seen in Figure A-50a to differ slightly
from the ENDF/B-VI. The data below 2 keV were calculated from resonance parameters
determined by experiment and reported in the JENDL-3 Fission Product nuclear data file.

The SNL RML had stopped using this reaction because it conflicts with other well known

cross sections, such as that for the 197Au(n,y)198Au reaction, in the thermal energy region.
Self-shielding effects in indium may be the cause of the disagreements. The SNL RML has
not found a readily available source for dilute indium foils.

5,51 15In(n,n")115M|n

The SNLRML library has incorporated the 115In(n,n’)us‘“ln cross section from the IRDF-

90. This cross section is identical to a private communication® from the ENDF/B-VI
evaluators. The officially released ENDF/B-VI data shows slight differences from these
two cross sections.

New 115In(n,n’)usmln data should have appeared in the ENDF/B-VI cross sections, but
were left out due to a miscommunication with the evaluators. The IRDF-90 library
compilers went directly to the ENDF material evaluator for a pre-release version of the
cross section and were not aware of the miscommunications. This situation should be
remedied in release 3 of ENDF/B-VI.

As is shown in Figure A-51a, an analyst must be careful in determining all inelastic
contributions to a metastable state. The ENDF/B-V Fission Product Data Tape reports
cross sections for several discrete inelastic states but does not report branching ratios to the
metastable state. If one took the cross section for excitation to any single discrete inelastic
state, the population of the metastable state would be severely underestimated.

*D. L. Smith, Argonne National Laboratory, private communication to P. J. Griffin in October 1992,
Contents included a letter and a floppy disk.
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5.52 127|(n,2n)'26|

The 1271(n,2n)121 cross section in the SNLRML library was taken from the ENDF/B-VI
cross sections. The ENDF/B-VI cross section was adopted from the ENDF/B-V data. This
cross section was also used in the IRDF-82 library.

JEF 2.2 and JENDL-3 Dosimetry cross sections are shown in Figure A-52a. The JENDL-
3 Dosimetry cross section was calculated from preequilibrium and multi-step evaporation
models and normalized to experimental data at 14.5 MeV. A CENDL-2 evaluation is also
available, but has not yet been analyzed.

Most of the 127I(n,2n)1?"51 response comes from neutrons with energies above 10 MeV.
The work at SNL with fission neutron spectra has not used this dosimetry reaction.

5,53 197Au(n,p)'97pt

The 197Au(n,p)197Pt cross section is taken from the ENDF/B-VI library. The (n,p) reaction
in ENDF/B-VI was taken from the ENDF/B-V evaluations, The DOSCROS84 library used
the ENDF/B-V cross section. This is not a commonly used dosimetry cross section and is
not found in the IRDF-90 or JENDL-3 Dosimetry libraries.

554 197au(n,y)'98Au

The ENDF/B-VI 197Au(n,y)lgsAu cross section is considered a standard cross section for
energies below 2.5 MeV. Above 2.5 MeV, calculations and experimental data were used
to determine the cross section. Since this is considered an ENDF community standard, it
was adopted in the SNLRML library. The IRDF-90 library uses the ENDF/B-VI data. The
Activation Handbook [28] recommends use of this reaction as a standard in the energy
range from 0.2 to 3.5 MeV. A recent publication [30] recommends use of this reaction as
a CSEWG standard for energies from 0.2 to 2.5 MeV.,

The JEF 2.2 library states that it used the ENDF/B-V MAT=1379 (n,y) cross section and
replaced it by the ENDF/B-VI data in May 1989. Despite this comment, the cross section
above 2 MeV disagrees with the ENDF/B-VI revision 1 data. The JEF 2.2 cross section
appears identical to the ENDF/B-V Dosimetry library at high energies.

The covariance matrix used in the SNLRML library is that from the pre-release ENDF/B-
VI library. This is also what is reported in the IRDF-90 library. See section 5.2 for a
discussion of covariances for ENDF standard cross sections.

The 198Au decay half-life and 411.8044 keV decay yield were taken from Lemmel [21]
rather than the ENSDF compilation
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5.55 197Au(n,2n)'%%Au

The IRDF-90 197'Au(n,2n)1961°su cross section was incorporated into the SNLRML library.
These data differ slightly from the ENDF/B-V Activation Library data and significantly
from the ENDF/B-VI data. This choice in cross section was made based on the cross
section evaluation date. The IRDF-90 evaluation cites an April 1990 evaluation date, while
the main ENDF/B-VI evaluation cites a January 1984 evaluation date with a minor revision
of a Q-value in July 1991. The ENDF/B-VI cross section shape is largely determined by
calculations.

5.56 197Au(n,3n)'%5Au

The 197Au(n,3n)195Au cross section from the ENDF/B-VI evaluation was incorporated
into the SNLRML library. This cross section shows significant changes in magnitude near
threshold when compared to the ENDF/B-V Activation File data.

5.57 Natay(n,abs)

The ENDF/B-VI 197 Au evaluation was used to determine the gold cover absorption cross
section. The (n,y), (n,p) and (n,&) cross section components were included in the
absorption term. Figure A-57b shows many of the high threshold cross section components

for 197 Au.

See section 5.1 for cautions in the application of cover cross sections

5.58 232Th(n,y)233Th

The 232Th(n,y)23>Th cross section from ENDF/B-VI is used in the SNLRML library. The
IRDF-90 library adopted the same ENDF/B-VI cross section. Figure A-58a compares the
ENDF/B-VI cross section with that used in the JEF 2.2 and JENDL-3 libraries.

5.59 232Th(n,2n)®'Th

The 237’1‘11(:1,211)23 1Th cross section from ENDF/B-VI is used in the SNLRML library. The
IRDF-90 library does not include this reaction. Figure A-59a compares the ENDF/B-VI
cross section with that used in the JEF 2.2 and JENDL-3 libraries.

5.60 232Th(n,fHF.P.

The ENDF/B-VI thorium fission cross section has been included in the SNLRML iibrary.
The IRDF-90 library also uses the ENDF/B-VI fission cross section. Figure A-60a shows
that there are moderate differences in the threshold energy for thorium fission.

5.61 235U(n,fF.P.

The ENDF/B-VI 233U fission cross section is considered a standard cross section at thermal
energies and in the energy region from 0.1 to 20 MeV [29]. A recent publication [30]
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recommends this reaction as a standard for energies above 150 keV. Since this is
considered an ENDF community standard, it was adopted in the SNLRML library. The
IRDF-90 library also uses the ENDF/B-VI data.

See the discussion in section 5.2 on the use of a covariance matrix for ENDF/B-VI standard
cross sections.

5.62 238y(n,fF.P.

The ENDF/B-VI 238U fission cross section is considered a standard cross section. The data
from 0.3 to 20 MeV were taken from the simultanecus standards analysis [46]. Since this
is considered an ENDF community standard, it was adopted in the SNLRML library. The
IRDF-90 library also uses the ENDF/B-VI data.

The ENDF/B-VI 238U fission cross section is indistinguishable from the GLUCS results at
high energy (above 2 MeV). The GLUCS results do not extend to low energy. Figures A-
62b and A-62c show that there is considerable variation in the various evaluations for
resonance region and thermal energy fission cross sections.

See the discussion in section 5.2 on the use of covariance matrix for ENDF/B-VI standard
cross sections.

5.63 23Np(n,f)F.P.

The SNLRML library incorporated the ENDF/B-VI 237Np fission cross section. The
IRDF-90 library also incorporated this fission cross section evaluation. Substantial
differences in the resonance region cross section (0.1 eV to 10 keV) can be seen in Figure
A-63b. A new fission cross section evaluation is underway at Los Alamos National
Laboratory and may be available for future versions of the SNLRML Library. A CENDL-
2 evaluation also exists, but has not been analyzed at this time.

5.64 23%py(n,f)F.P.

The ENDF/B-VI 23?Py fission cross section has been incorporated into the SNLRML
library. This cross section evaluation is also used in the IRDF-90 library.

Covariance matrices for the 23%Pu fission reaction are only found in the ENDF/B-V and
JENDL-3 Dosimetry libraries. Unfortunately, the covariance matrix in the ENDF/B-V
library is presented as a ratio to a standard material covariance matrix and the NJOY
processing system has a problem handling the data. The SNLRML library has incorporated
the JENDL-3 Dosimetry library covariance matrix which is based on the IRDF-85
covariance matrix.
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5.65 24 Am(n,fF.P.

The ENDF/B-VI 241 Am fission cross section has been incorporated into the SNLRML
library. The IRDF-90 library no longer contains this reaction for dosimetry applications.

Covariance matrices for the 24! Am fission reaction are only found in the ENDF/B-VI and
JENDL-3 Dosimetry libraries. The JENDL-3 Dosimetry cross section is taken from
ENDEF/B-VI. Since this ENDF/B-VI covariance matrix is stored as a ratio to a standard

material, 2350, and since the 235U covariance matrix has been eliminated from the ENDF/
B-VI cross section pending further study (see section 5.2 on a covariance matrix for
standard materials), the SNLRML library took the data from the JENDL-3 Dosimetry

library. Note that this covariance matrix is presumably based on the 235y standard material
uncertainty which is currently under review by the CSWEG community and should be
treated with caution.

5.66 RML Enriched Uranium Fission Foil

The RML enriched uranium fission foil sensor is very similar to the 235U fission cross
section in section 5.61. This sensor is intended to model the exact fission foil composition

in use at the SNL RML for dosimetry applications. The 234U, 236U, and 238U contaminant
fission cross sections are modeled. The contaminant fission reactions only have a small
effect which is shown in Figure A-66b.

Note that the atom fractions (primary isotope and contaminants) shown in Table A-66 are
all normalized to one atom of elemental uranium. It is expected that the dosimetry counting

laboratory also reports fissions per uranium atom rather than per 235y atom.

The correct fission yields for interpreting the dosimetry of this foil depend upon the relative
fissions produced in each fissionable component of the dosimeter. Tables 5 and 6 show the
relative division of fissions between the dosimeter components for the SPR-III central
cavity (spectrum SPR3CAV18) and the Annular Core Research Reactor central cavity
(spectrum ACF9) for bare and covered foils. The B,C-covered numbers were used to
weight the isotopic fission yields and to derive the dosimeter fission yields reported in
Table C-1 of Appendix C.
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5y 131674 98.492% 42.95543 99.972%
B4y 8.9154E-3 0.667% 5.20369E-3 0.012%
236y 1.2784E-3 0.096% 1.238854E-3 |  0.003%
88y 9.9631E-3 0.745% 5.46716E-3 0.013%
Total 1.3368969 100% 42.9673397 100%

Table 6.

Fission in B4C-Covered RML Enriched Fission Foll
N— '—FIS__VIP,R3CAV1‘8}? e e

AC

0.89079

99.883%
B4y 8.5014E-3 0.7315% 0.45261E-3 0.0507%
By 1.22495E-3 0.1054% 0.68585E-4 | 0.0077%
238y 9.51989E-3 0.8191% 0.52187E-3 0.0586%
Total 1.62246 100% 0.89183 100.%
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5.67 RML Depleted Uranium Fission Foll

The RML depleted uranium fission foil sensor is very similar to the 238y fission cross
section in section 5.62. This sensor is intended to model the exact fission foil composition

in use at the SNL RML for dosimetry applications. The 234y, 26y, and 238y contaminant
fission cross sections are modeled. The contaminant fission reactions are important for
neutrons with an energy less than 0.5 MeV as shown in Figures A-67a and A-67b. Since
the SNL RML typically fields fission foils in a boron ball, the thermal fission cross section

is suppressed and thus the effect of the 235y contaminant is suppressed.

Note that the atom fractions (primary isotope and contaminants) shown in Table A-67 are
all normalized to one atom of elemental uranium. It is expected that the dosimetry counting

laboratory also reports fissions per uranium atom rather than per 2384 atom.

The correct fission yields for interpreting the dosimetry of this foil depend upon the relative
fissions produced in each fissionable component of the dosimeter. Tables 7 and 8 show the
relative division of fissions between the dosimeter components for the SPR-III central
cavity (spectrum SPR3CAV18) and the Annular Core Research Reactor central cavity
(spectrum ACF9) for bare and covered foils. The B4C-covered numbers were used to
weight the isotopic fission yields and to derive the dosimeter fission yields reported in
Table C-1 of Anpendix C.

Table 7.  Fisslon In RML Depleted Fission Foll

1 ~ Density | Sectlc 1|

h Bl O o %
By 2.705E-3 1.624% 0.088243 49.523%
B4y 8.469E-6 0.005% 4.943E-6 0.003%
Bey 1.327E-5 0.008% 1.2864E-5 0.007%
B8y 0.16386 98.363% 0.899247E-1 |  50.467%
Total 0.166586739 100% 0.178185507 100%

om of the predominant isotope and averaged ov

43




Table 8. Fisslon In B4C-Covered RML Depleted Fission Foll

SPR3CAV18 ~ACI

barns)’ | . \

2.3481E-3 0.2127%
B4y 8.0757E-6 0.005% 4.2994E-6 0.005%
Zoy 1.2714E-5 0.008% 0.712174E-5 | 0.0083%
28y 0.15657 98.510% 0.85839E-1 | 99.774%
Total 0.158939 100% 0.860334E-1 100%

5.68 RML Plutonium Fission Foil

The RML plutonium fission foil sensor is very similar to the 239y fission cross section in
section 5.64. This sensor is intended to model the exact fission foil composition in use at

the SNL RML for dosimetry applications. The 23%Pu, 238py, 240py, 241py, 242py, 235y,

and 237Np contaminant fission cross sections are modeled. The 24°Pu contaminant fission
reaction has a moderate effect which is shown in Figure A-68b.

Note that the atom fractions (primary isotope and contaminants) shown in Table A-68 are
all normalized to one atom of elemental plutonium. It is expected that the dosimetry

counting laboratory also reports fissions per plutonium atom rather than per 239py atom.

The correct fission yields for interpreting the dosimetry of this foil depend upon the relative
fissions produced in each fissionable component of the dosimeter. Tables 9 and 10 show
the relative division of fissions between the dosimeter components for the SPR-III central
cavity (spectrum SPR3CAV18) and the Annular Core Research Reactor central cavity
(spectrum ACF9) for the bare and covered foils. The B4C-covered numbers were used to
weight the isotopic fission yields and to derive the dosimeter fission yields reported in
Table C-1 of Appendix C.
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Table 9. Fisslon Iin RML Plutonium Fisslon Foll

\ 5 S\ . ;

3%y 1.80643 92.478% 94.43105 98.599%
238py, 1.2477E-3 0.064% 1.800E-3 0.002%
240py 0.12096 6.192% 7.6616E-2 0.080%
241py 2.25035E-2 1.152% 1.2549396 1.310%
242py 1.9687E-3 0.101% 1.089468E-3 |  0.001%
35y 2.3237E-4 0.012% 7.580559E-3 0.008%
BNp 2.3138E-5 0.001% 1.2607E-5 0.000%
Total 1953365408 100% 95.77308823 100%

Table 10. Fission in B;C-Covered RML Plutonium Fission Foil

\A PR3CAV CF

239y 1.55678 92.9058% 1.01725 92.7119%
238py 1.1689E-3 0.0698% 0.68259E-3 0.0622%
240py 0.11540 6.8869% 6.3513E-2 5.7886%
241py 0.189223E-2 0.1129% 1.45695E-2 1.3279%
242py 0.188506E-3 0.0113% 1.031693E-3 |  0.0940%
B3y 2.0171E-4 0.0120% 1.57202E-4 | 0.0143%
237Np 2.21268E-5 0.0013% 1.19159E-5 | 0.0011%
Total 1.67565 100% 1.097216 100%
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5.69 328.3MEV as Measured in 252Cf Fleld

The 32S(n,p)32P activity is typically measured on a p counting system that was calibrated
with a flux transfer from an NIST 22Cf irradiation. If the dosimetry counting laboratory
reports an activity rather than a 252¢f equivalent neutron fluence exposure, it has assumed

a 32S(n,p):”zP dosimetry cross section and a 252Cf fission neutron spectrum. If the counting
laboratory did not assume the same dosimetry cross section in calculating its activity as is
used in a spectrum unfold/adjustment, then a systematic bias of up to 10% can be

introduced. To avoid this problem, this 252Cf 3-MeV equivalent fluence was introduced
into the SNLRML library.

The cross section and covariance matrix for this sensor are identical to that for 32S(n,p)32P.
When this dosimetry library is interfaced with a spectrum unfold/adjustment code, the

computer code should use the spectrum averaged 32S(n,p)?'zP cross section for 292Cf
fission neutrons and the fraction of the 2>2Cf neutron spectrum which has a neutron energy
greater than 3 MeV to convert the 32S(n,p)?’zP cross section into a fluence sensor. If the

reader is using the 252f fission spectrum that is recommended in the ENDF/B-VI library
(ENDEF/B-VI Tape 200, MAT=9861, MT=18, MF=5), then these values are:

<0>252Cf-avg = 0.070229 b

®(>3-MeV)=  0.2368 n/cm?

The true sensor response is given by the 32S(n,p)szl" cross section presented in this library
multiplied by the ®(>3-MeV) and divided by <0>252¢f.avg. For the above values, the true

sensor response is given by the SNLRML library tabulated values multiplied by 3.3718.
The ENDF/B-VI 252Cf fission neutron spectrum is shown in Figure A-69b.

6. LIBRARY FORMAT

The following subsections define the format of the SNLRML library. All information is
provided in ASCII format to facilitate library portability. The library format was designed
to provide all of the information required by either iterative unfolding codes, such as
SAND-I1I, or least-squares adjustment codes, such as LSL-M2. This library should be
easily interfaced with either type of code. The input format consists of blank-delimited
free-field quantities compatible with the SAND-II VIF input processor. The following
subsections give a recommended fixed-format description of the fields (e.g. F15.7 or 110),
but this fixed-format is a recommendation and not a requirement for the library format.

6.1 Card Set 1: Title Cards

All title cards have the letter “t” in column 1. The cards are read with a character A80Q
format. The title cards provide information on the version of the library, the latest revision
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date, and information on what has been changed in the library. There is no limit to the

number of title cards in the library. The title/comment cards must all appear at the
beginning of the file.

6.2 Card Set 2: Cover Cross Sections

This set of cards describes the cross sections for the cover materials available within the
SNLRML library. The order of cards within this card-set is one card of type 2-1, followed
by N, sets of cards, where N, is defined by the type 2-1 card. Each of the N, sets of cards

consists of one card of type 2-2, one of 2-3, one of 2-4, one set of type 2-A, and one card
set of type 2-5.

6.2.1 Card 2-1: Number of Covers
Card appearance: N. COVERS
Card variables: N, = number of cover materials.

Card read format: free format integer field (IS) followed by keyword.

6.2.2 Card 2-2: Cover ID
Card appearance: cov_name, library, MAT, t K
Card variables: cov_name = 4 letter abbreviation for cover cross section.
library = cross section library from which the
evaluation was drawn.
MAT = cross section material number.
t = NJOY processing temperature in degrees
Kelvin.
Card read format: free format mixed fields (Hollerith string, Hollerith string, integer,
integer).
6.2.3 Card 2-3: Cover Label
Card appearance: reaction_name,  elemental_mass, decay time, abundance,
fission_fraction
Card variables: reaction_name = 4 letter abbreviation for cover cross section.
elemental_mass = mass of naturally occurring element (in amu).
decay_time = dummy field for cover materials, set equal to
1.0.
abundance = naturally occurring abundance of isotope. In
the case of special damage sensors this field
represents the 1-MeV(material) reference
displacement kerma.
fission_fraction = dummy field for cover materials, set equal to

1.0.
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Card read format: blank delimited Hollerith field (4A4).
free format floating point field (F10.5).
free format floating point field (F10.5).
free format floating point field (F10.5).
free format floating point field (F10.5).

6.2.4 Card 2-4: Energy Grid
Card appearance: Elow, Ehigh
Card variables: Elow = number of first non-zero cross section value
in SAND-II 640 energy group structure (from
low to high energy).
Ehigh = number of last non-zero cross section value in

SAND-II 640 energy group structure.
Card read format: free format integer fields (2I5).

6.2.5 Card Set 2-A: Cover Cross Section
Card appearance: xsec;, i = Elow, Ehigh
Card variables: xsec; = value of cross section at the i energy point

in the SAND-II 640 energy group structure.
Card read format: free format floating point fields (SE15.7).

6.2.6 Card Set 2-5: Covarlance Data Label
Card appearance: COR library, MAT, tK
Card variables: library = cross section library from which the

evaluation was drawn. If library = NULL,
covariance matrix is not available and this
card set is finished.

MAT = Cross section material number.
t = NJOY processing temperature in degrees
Kelvin.

Card read format:  free format fields (A8, I4, 12).

Covariance matrix is not typically given for the cover materials in the SNLRML library. If
the library field is not NULL, then see Card Set 3-B for the cards that will follow this
header card.

6.3 Card Set 3: Sensor Cross Sections
This set of cards describes the cross sections for the sensors available within the SNLRML
library. The order of cards within this card-set is one card of type 3-1, followed by N, sets

of cards, where N, is defined by the type 3-1 card. Each of the N, sets of cards consists of

one card of type 3-2, one of 3-3, one of 3-4, one set of type 3-A, one card set of type 3-5,
and one set of type 3-B. The type 3-B card set consists of a 3-6, 3-7, 3-8, 3-9, 3-10 card set.
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6.3.1 Card 3-1: Number of Dosimetry Sensors

Card appearance:
Card variables:

Card read format:

N, FOILS
N, =

number of sensors.

free format integer field (I5).

6.3.2 Card 3-2: Reactlon ID
cov_name, library, MAT, t K

Card appearance:
Card variables:

Card read format:

cov_name =
library =

MAT =
t

4 letter abbreviation for sensor cross section.

cross section library from which the
evaluation was drawn.

cross section material number.

NJOY processing temperature in degrees
Kelvin.

free format (character string, character string, integer, integer).

6.3.3 Card 3-3: Reaction Label and Nuclear Data
reaction_name,  elemental_mass, decay time,  abundance,

Card appearance:

Card variables:

Card read format:

fission_fraction
reaction_name

elemental_mass

decay_time

abundance

fission_fraction

16 character abbreviation for the reaction.
mass of naturally occurring element.

decay constant, A, in units of sec’l. If value
is negative, then the decay_time represents a
half-life in units of hours.

naturally occurring abundance of isotope. In
the case of special damage sensors this field
represents the 1-MeV(material) reference
displacement kerma.

fission fraction for the material modeled.
Since the RML reports all fission foil sensors
in units of fissions per atom of primary sensor
material and since this is the way the
SNLRML library cross sections are
constructed, this quantity is 1.0 for all current
Sensors.

blank delimited Hollerith field (4A4).

free format floating point field (F10.5).
free format floating point field (F10.5).
free format floating point field (F10.5).
free format floating point field (F10.5).
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6.3.4 Card 3-4: Energy Grid
This card set defines the energy grid used to provide cross section data. See section 6.2.4
for a description of the format and content of this field.

6.3.5 Card Set 3-A: Cross Section
This card set defines the cross section for the dosimetry sensor. See section 6.2.5 for a
description of the format and content of this field.

6.3.6 Card Set 3-5: Covariance Data Label
Card appearance: COR library, MAT, t K
Card variables: library = cross section library from which the

evaluation was drawn. If library = NULL,
covariance matrix is not available.

MAT = cross section material number.

t NJOY processing temperature in degrees
Kelvin.

Card read format:  free format fields (A8, 14, 12).

6.3.7 Card Set 3-B: Covarlance Data

The cards described in sections 6.3.7.1 through 6.3.7.5 (Card Sets 3-6 through 3.10)
describe the covariance matrix for this cross section. Each card set contains a header card
that identifies the following card field and a card data set. If the library field in Card Set
3-5 in “NULL” then this field is skipped for the given cross section.

6.3.7.1 Card Set 3-6: Covariance Energy Bin Number
Card appearance: . * Number of Energies plus 1.

Card variables: - comment/header card, no variables -.
Card read format: character (A1, A79).

Card appearance: number
Card variables: number = number of energy points plus 1.
Card read format:  free format (I5).

6.3.7.2 Card Set 3-7: Covariance Energy Bin Boundaries
Card appearance: *Energy Grid (eV)

Card variables: - comment/header card, no variables -.
Card read format:  character (A1, A79).
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Card appearance: energy,, i=1, number

Card variables: energy; = energy bin boundary (upper bin boundary of
bin i).

Card read format: free format floating point field (5§G15.7).

6.3.7.3 Card Set 3-8: Cross Section in Covariance Bin Structure
Card appearance: *Cross Section (barns)

Card variables: - comment/header card, no variables -.
Card read format: character (A1, A79).

Card appearance: sig;, i=1,number-1
Card variables: sig; = cross section in bin number i.

Card read format:  free format floating point field (5G15.7).

6.3.7.4 Card Set 3-9: Standard Deviation
Card appearance: *% Standard Deviation

Card variables: - comment/header card, no variables -.
Card read format: character (A1, A79).

Card appearance: sd; = 1,number-1

Card variables: sdj = standard deviation expressed as a percentage.

of the i bin cross section value.
Card read format: free format floating point field (5G15.7).

6.3.7.5 Card Set 3-10: Correlation Coefficient Matrix
Card appearance: *Correlation Coefficient - Upper Triangular

Card variables: - comment/header, no variables -.
Card read format: character (A1, A79).

Card appearance: ( (corij, i=1,number-1),j=i,number-1)

Card variables: corij = correlation coefficient normalized to the

interval from -100 to +100. This can be
converted into a covariance value using the
standard deviations, sd; and sdj.

Card read format: free format integer (1015). Each new row starts on a new card.
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7. LIBRARY AVAILABILITY

The SNLRML library cross section compendium has been submitted to the Radiation
Shielding Information Center (RSIC) operated by Oak Ridge National Laboratory and
should be readily available to the dosimetry community.

Prior to the public availability of this library through RSIC, potential users of the library
who are willing to provide feedback on the accuracy, consistency, and completeness of the
library are invited to contact the authors to receive a beta-test version for cooperative
evaluation purposes.

This cross section library is being distributed to the dosimetry community; however, the
QA assessment of the library has been restricted to the environments and sensors in use at
the SNL RML. Neither the authors, nor Sandia National Laboratories, nor the Department
of Energy makes any warranty, expressed or implied; or assumes any legal liability or
responsibility for the accuracy, completeness, usefulness or functioning of any information,
code/data and related material; or represents that its use would not infringe privately owned
rights.

A version of the SAND-II iterative spectrum unfolding code has been interfaced with the
SNLRML library cross section compendium. This code is currently undergoing testing and
is expected to be made available through RSIC by January 1994. A version of the LSL-M2
least-square spectrum adjustment code is currently being interfaced with the SNLRML
library cross section compendium. This code will also be made available to the dosimetry
community when the cross section interface is completed, validated, and documented.

The SNLRML library cross sections are readily interfaced to existing codes for spectrum
determination. Codes such as STAY’SL [47], DANTA [48], FERRET [49], BAYES [50],
and UFO [51] should be easily interfaced to the SNLRML library using the library format
documentation provided in section 6.

8. Conclusion

The SNLRML library cross section compendium has been prepared by taking the latest and
most consistent dosimetry-oriented cross sections from all available evaluations. The
contents of the library include all dosimetry sensors (activation reactions, threshold
reactions, fission reactions, and special damage sensors) that are in general use by the
dosimetry community for the characterization of fission neutron spectra. The cross section
compendium has been interfaced with spectrum determination codes and found to produce
consistent spectrum “unfolds” with more sensors than were possible with previous
libraries. The SNLRML library is being made available to the general dosimetry
community in order to encourage the use of a consistent cross section library for spectrum
determination. The authors plan on updating the library as part of the RML quality
assurance program. This document provides part of the QA audit trail for the selection and

choice of sensor response functions that is used in the spectrum determination of the SNL
reactor facilities.
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APPENDIX A
Comparison of Dosimetry Cross Sections

A-1



Table A-1a

Alternative Cross Section Sources for the 1°B(n,abs) Reaction

LANL, Eval. Nov. 1989, revision 1, tape b-10a, components 102, 103,
104, 107, 113.

ENDF/B-V 1305 No LANL Eval. Dec. 1976, tape 511.

JENDL-3 3051 No JAERI, Eval. Mar. 1987, tape 23.

JEF 22 525 i\Io LANL, Eval. Mar. 1989, taken from ENDF/B-V], tape jef-1.

BROND 511 No Taken from ENDF/B-V mat 1305, tape ma242.51.

SAND-II - No Absorption cross section with DOSDAM84 code distribution by RSIC,

taken from ENDF/B-V revision 2 and only includes the MT=107 com-
ponent.




Cross Section (b)

l .1 l ol

-1 Ll Lt Ll & llJllJ Lol All_l I il Lol L LLL 1 llllld IEE SR Lot i iill
10 3 -8 6 5 3 1 0 1

10 10° 10" 10 10 10

0’
Neutron Energy (MeV)

100 10 10 1

Figure A-la: 1(’B(n,abs) Cross Section



Cross Section (b)

[~}

[Uy
o
|

......................

3
N
. ..
i
i % .
\'._ Ha . N -
% 4\ ;Q: AN
-.‘. f . & £ F 3 < .
D\ 11 - “k\ } Q.:
N4, X T
) N GFA AP
. ‘-.}_ ~
A . //,, .'\':b\‘.\
o
.. ’

10

10

0

| T 10
Neutron Energy (MeV)

Figure A-1b: 1('B(n,abs) Cross Section



Cross Section (b)

4

10 i I T e I T
30 ]
() E
N
10 —
g (Il,p) E
I et
10" b ]
~< (n,d) :
N e
10° |- ]
E (n’a) RN ]
10" b T~ -
F | (n,t200) T~o A
102 L L= = T~o Tl ]
e, . S~ §od ;
3 ~ ~ i 1 ]
10.3 E = \\\ " —
F ~ ~ | 3
- .. .. ~ S | 4
i S > i, ! 1
107 Lol ol il il vl Vil iid il s bl bl
" - - - - 1
10° 10° 10° 1 10° 10° 10 10° 10® 107 10° 10° 10

L
Neutron Energy (MeV)

Figure A-1c: 108 (n,abs) Components



i

Table A-2a

Alternative Cross Section Sources for the mB(n,X)"He Reaction

LANL, Eval. Nov. 1989, revision 1, tape b-10a, components MT=
and twice MT=113.

ENDF/B-V 1305 No LANL Eval. Dec. 1976, tape 511.

ENDF/B-V 5305 No LASL, Eval. January 1979, Tape 533, gas production, MT=207, sum of
(n,®), (n,ncx), and twice (nt2ar), (n,nd2a) and (n,2n).

ENDF/B-V 6425 Yes LANL, Eval. Jan. 1979, Tape 531, dosimetry. MT=207, same as
ENDF/B-V gas production.

IRDF-90 525 Yes References the MT=107 component from ENDF/B-VI.

JENDL-3 3051 No JAERI, Eval. Mar. 1987, tape 23, includes (n,a0) MT=107, twice the
(n,2n) MT=16, twice the (nt2a) MT=113, and twice the (n,nd2a;)
MT=60, 63, 67-89.

JEF 2.2 525 No LANL, Eval. Mar. 1989, taken from ENDF/B-VI, tape jef-1.

BROND 511 No Taken from ENDF/B-V mat 1305, tape ma242.51.

SAND-II - No Absorption cross section with DOSDAMB84 code distribution by RSIC,

taken from ENDF/B-V revision 2 and only includes the 107 compo-
nent.
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Table A-3a

Alternative Cross Section Sources for the 11B(n,abs) Reaction

LANL, Eval. May 1989, components 102, 103, 105, 107.

ENDF/B-V 1160 No GE/BNL, Eval. Sept. 1971, tape 501.

JENDL-3 3052 No JAER]I, Eval. May 1988, tape 23, includes component 104 in addition
to base set.

JEF 22 528 No LANL, Eval. May 1989, tape jef-1.

BROND NA No No !B cross section given.
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525/528

Table A-4a
Alternative Cross Section Sources for the NatB(n,abs) Reaction

LANL, Eval. Nov. 1989, revision 1, tape b-10a, components 102, 103,
104, 107, 113.

ENDF/B-V 1305/1160 No LANL Eval,, see Table A-1a and A-2a.
JENDL-3 3051/3052 No JAERI, Eval,, see Table A-1a and A-2a.
JEF2.2 525/528 No LANL, Eval. Mar. 1989, taken from ENDF/B-VL
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Table A-5a
Alternative Cross Section Sources for the EnrldledB4C(n,abs) Reaction

Boron from LANL, Eval. Nov. 1989, revision 1, tape b-10a, compo-
nents 102, 103, 104, 107, 113.

600 Natural carbon from ORNL, Eval. August 1989, components 102, 103,
104, 105, 107, 111, 112, 115, 116.
ENDF/B-V 1305/1160 No Boron from LANL Eval., see Table A-1a and A-2a.
1306 Natural carbon from ENDF/B-V.
JENDL-3 3051/3052 No Boron from JAERI, Eval. see Table A-1a and A-2a.
3061 Carbon-12 from tape ma257.23, JAERI Eval. August 1983, compo-
nents 102, 103, 104, and 107.
JEF2.2 525/528 No Boron from LANL, Eval. Mar. 1989, taken from ENDF/B-VL
600 Carbon from tape jef-1, taken from ENDF/B-V, updated from ENDF/
B-V1
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Table A-6a
Alternative Cross Section Sources for the SLi(n,X)*He Reaction

325 No LANL, Eval. April 1989. Includes SLi(n,t)*He reaction (MT=105) and
the SLi(n,n")5Li cross section that decays into a deuteron and alpha par-
ticle (MT=4 minus MT=57).

ENDF/B-V 1303 No LASL, Eval. Sept.1977, Tape 511.

ENDF/B-V 5303 No LASL, Eval. Dec. 1978, Tape 533, gas production, MT=207, sum of
(n,ta), (n,na),and (n,2n).

ENDF/B-V 6424 Yes LANL, Eval. December 1978, Tape 531, dosimetry, MT=207, same as
main ENDF/B-V file.

ENDF/B-V 7036 No Tape 532, activation, only includes the (n,t) term.

IRDF-82 6424 Yes Taken from ENDF/B-V gas production tape.

IRDF-90 325 Yes References the MT=105 contribution from the ENDF/B-VI evaluation.

JENDL-3 3031 No JAERI, Eval. March 1985, tape ma257.23, MT=51, 52, 54-56, 58, 60-
62, 64-86, 105.

JEF 2.2 325 No Rcom. June 1982, tape jef-1, taken from ENDF/B-V MAT=1303, (n,t)
cross section modified to ENDF/V-VL

BROND 361 No Tape ma242.51CJD-FEI, Eval. May 1984.
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925

Yes

Table A-7a
Alternative Cross Section Sources for the 19F(n,2n) 18p Reaction

CNDC, ORNL, June 1990,

ENDF/B-V 1309 Yes ORNL, July 1974, Tape 556, release 2, based on ENDF/B-1V evalua-
tion.
7099 Yes ORNL, Nov. 1979, Activation Tape 532b.
925 Yes IRK, June 1980.
920 Yes AUSIRK, 1979,
JENDL-3 3091 No JAERLI, July 1989, ma257.23. ]
JEF22 925 No RCOM, June 1982, taken from ENDF/B-IV, jef-1.
BROND ~NA -- — A 1990 evaluation is reported, but not in NNDC distribution.
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Table A-8a
Alternative Cross Section Sources for the 23Na(n,\()z"Na Reaction

Format translation of ENDF/B“—M\‘/.
ENDF/B-V 6311 Yes Dosimetry Tape, ORNL, Dec 77.
ENDF/B-V 7113 No Activation Tape, ORNL, Nov 79.
ENDF/B-V 1311 Yes Complete Evaluation, ORNL, Dec 77.
JENDL-3 3111 No SRI, Mar, 87.
JENDL-3 Dos. 1131 Yes Identical to JENDL-3, covariance adopted from IRDF-85.
JEF 2.2 1125 No Taken over from JENDL-3, 1987, tape jef-1.
BROND 1111 No 1978, Obninsk, tape ma242.51.
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Table A-9a

Alternative Cross Section Sources for the 24Mg(n, )Z‘iNa Reaction

ENDF/B-VI 1225 No Format translation of ENDF/B-V.
1225 Yes IRK, 1990.
ENDF/B-V 7124 No Activation Tape, HEDL, ORNL, Mar, 80.
IRDF-82 1220 Yes AUSIRK, 1979.
JENDL-3 3121 No NEDAC, Sept., 89.
JENDL-3 Dos. 1231 Yes Cross section identical to JENDL-3, covariance taken from IRDF-85.
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Table A-10a
Alternative Cross Section Sources for the 2’Al(n,p)>’Mg Reaction

Format translation of ENDF/B-V.

1325 Yes

1325 Yes ORNL, 1990.

6313 Yes ORNL.
ENDF/B-V 6313 Yes Dosimetry Tape, LANL 1973, Rev. 1977, taken from ENDF/B-IV.
ENDF/B-V 7137 No Activation Tape, LANL, 1973, Rev. 1977, taken from ENDF/B-IV.
ENDF/B-V 1313 Yes Complete evaluation, LANL, 1973, Rev.1977, taken from ENDF/B-IV.
IRDF-82 6313 Yes Adopted from ENDF/B-V, LANL, 1973.
JENDL-3 3131 No TIT & JAERI, Evaluation Mar. 1988.
JEF 2.2 1325 No Recom. July 1986, taken from ENDF/B-IV, revised by ENEA.
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Alternative Cross Section Sources for the 27Al(n,oz)z"Na Reaction

Table A-11a

1325 Yes Format translation of ENDF/B-V.

1325 Yes IRK, Vienna, 1990.
GLU 6313 Yes ORNL.
ENDF/B-V 6313 Yes Dosimetry Tape, LANL 1973, Rev. 1977, taken from ENDF/B-IV.
ENDF/B-V 7137 No Activation Tape, LANL, 1973, Rev. 1977, taken from ENDF/B-IV.
ENDF/B-V 1313 Yes IC‘(,)mplcte evaluation, LANL, 1973, Rev. 1977, taken from ENDF/B-
IRDF-82 6313 Yes Adopted from ENDF/B-V, LANL, 1973.
JENDL-3 3131 No TIT & JAERI, Evaluation Mar. 1988.
JEF 2.2 1325 No Recom. July 1986, taken from ENDF/B-IV, revised by ENEA.
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Table A-12a

Alternative Cross Section Sources for the NatSi(n,X)lMeV

No

Natgi Format translation of ENDF/B-V data.

ENDEF/B-VI 1400
ENDF/B-V 1314 No ORNL Feb 1974 evaluation, revised Oct 1980, tape 556, revision 2.
JENDL-3 3140 No Natg; and 28si, 295i, 30Si, JAERI Eval. Mar 1988, tape 23.
NJOY/CONBAR processing error.
JEF2.2 1400 No Recom. July 1986, taken from ENDF/B-IV, revised by ENEA, tape jef-
1.
BROND 1402 No TUD/CID Eval. May 1985.
Inadequate (n,2n) y-production data.
1428 No ORNL Sept. 1989 evaluation [15], submitted for ENDF/B-VI release
2. incorporated into ASTM E 722-93
1194 No ORNL eval. Feb. 1974, tape 405.
- No ASTM E 722-85, pre-1992 standard.
7820 No Howerton, NJOY processing error.




13 4

W

ary
(=]
J

Displacement Kerma (MeV-mb)

Private, ORNL
ENDF/B-V
Current ASTM

-6 -5 -4 -3

16° 10° 107 10° 10° 10* 10° 10% 10 10° 10

Neutron Energy (MeV)

Figure A-12a: N*'Si(n,X)1MeV Damage Function

.-mﬂl MR MM NI IR T 1....v1—|—rrnn1——rmmr—ﬂ-rnmr—r-rﬂvm’—7-vm_‘
]

4 Auul




v

Displacement Kerma (MeV-mb)

[uy
(en)

-
=)

p—
(=)

~

Private, ORNL

()

ENDFEF/B-V
Current ASTM
0 ] - ] — ]
10 107 10° 10"
Neutron Energy (MeV)

Figure A-12b: NtSj(n,X)1MeV Damage Function



uonoung dsewre( ASWI(X WIS, ITI-V N31y

(A9N) AS10uUz UOINON

o1 0

2
dsiqg

1 - .l —ey : : . . —
LSV juoumn)
A-9/AANHE
INYIO .8?5_

g 8
8 9
WIS USR]

8
S
i

|
8
2

2
]

(Qu-ASN) ®

A-45



v

Displacement Kerma (MeV-mb)

10" 10° 10

Neutron Energy (MeV)

Figure A-12d: N'Sj(n,X)1MeV Damage Function




v

mgb)
g

>
O
= 20000
<
:
M 150.00

lacelnent
=
=3

Disp
2

=)
8 -

AN, N7 N e -
o v Vi - S }
\ e ) e
L M sl o
1 | H AR . i
B Private, ORNL
1H
! JEF 2.2
JENDL-3 ]
BROND
| | —— -
5.00 10.00 15.00
Neutron Energy (MeV)

Figure A-12¢: N?'Si(n,X)1MeV Damage Function



8-V

Table A-13a
Alternative Cross Section Sources for the 31P(n,p):“Si

ENDF/B-VI 1525 No Taken from ENDL Howerton eval., Oct. 1977, also in ENDF/B-V.
ENDF/B-V 1315 No Taken from ENDL Howerton eval. Oct. 1977, tape 503.
ENDF/B-V 7151 No ENDL Howerton, eval. 1977, Activation Tape 532b.
JENDL-3 3151 No FUJI E. C., May 1987, tape ma257.23. ‘
JENDL-3 Dos. 1531 Yes Cross section identical to JENDL-3, covariance from IRDF-85.
JEF2.2 1525 No Taken from JENDL-3, jef-1 tape.

1520 Yes AUSIRK, Eval. 1979.

1525 Yes IRK, Eval. June 1980.
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Alternative Cross Section Sources for the 32g

Table A-14a

Format translation of ENDF/B-V.

1625 Yes ORNL, 1989.
32 Yes ORNL, 1993 update to GLUC library.
New std. dev. data larger due to inclusion of additional data.
ENDF/B-V 6439 Yes Dosimetry Tape, BNL, Mar 84.
ENDEF/B-V 7162 No Activation Tape, LLL, Mar 84, identical to ENDF/B-V full evaluation
except near the threshold.
ENDF/B-V 1316 No Complete evaluation, LLL May 78.
IRDF-82 6439 Yes Adopted from ENDF/B-V, LANL, 1973.
JENDL-3 3161 No Fuji E.C. L, Evaluation Mar. 1987.
JEF22 1625 No Taken from JENDL-3, May, 1987.
private 7439 No ORNL, Fu ANS presentation Apr 89, Re-evaluation from threshold to
%ﬁi an input to the GLUCS analysis.
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Alternative Cross Section Sources for the 45Sc(n,y)‘“‘Sc Reaction

BNL, Eval. July 1979, taken from ENDF/B-V evaluation.

Table A-15a

2125

Yes

Taken from ENDF.

ENDF/B-V 6426 Yes BNL, Eval. July 1979, Dosimetry Tape 531a.
ENDF/B-V 7215 No BNL, Eval. July 1979, Activation Tape, 532b.
JENDL-3 3211 No KHI, Eval. Aug. 1988, tape 23.

JENDL-3 Dos. 2131 Yes Identical to JENDL-3, covariance from IRDF-8S.
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Alternative Cross Section Sources for the 46Ti(n,p)‘“sSc Reaction

Table A-16a

2225 Yes Format translation of ENDF/B-V.

2225 Yes ORNL, identical to GLUCS.

3222 Yes ORNL, 1990 update to GLUC library.

6427 Yes Dosimetry Tape, ANL, 1977.
ENDF/B-V 7226 No Activation Tape, ANL, 1977.
IRDF-82 6427 Yes Adopted from ENDF/B-V, ANL, 1977.
JENDL-3 3221 No KUR, 1989.
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Table A-17a
Alternative Cross Section Sources for the 47Ti(n,p)‘"Sc Reaction

Format translation of ENDF/B-V.

Yes File header states taken from ANL ENDF/B-VI, numerical contents
and library printed documents identify as from ORNL. Data very sim-
ilar to GLUCS-90 data. Incorporates Mannhart 252Cf data.

GLUCS-89 2228 Yes ORNL, 1989, original GLUCS.

GLUCS-90 3222 Yes ORNL, 1990 update to GLUCS library.

ENDF/B-V 6428 Yes Dosimetry Tape, ANL, 1977.

ENDF/B-V 7227 No Activation Tape, ANL, 1977.

IRDF-82 6428 Yes | Adopted from ENDF/B-V, ANL, 1977.

JENDL-3 3222 No KUR, 1989.

private -~ NA - use ENDF/B- | PTB, Mannhart&Smith, ANS presentation at Santa Fe, NM, re-normal-
Vdata | ization of Smith 1975 data by 0.8208 to fit 252Cf integral data.
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Table A-18a

Alternative Cross Section Sources for the 47Ti(n,np)46Sc Reaction

IRDF-90

Format translation of ENDF/B-V.

ORNL, present in data file, not listed in documentation, identical to
ENDF/B-VL

GLUCS ~NA-- — ORNL, 1990 update to GLUC library, reaction not included.
ENDF/B-V 6428 Yes Dosimetry Tape, ANL, 1977.

ENDF/B-V 7227 No Activation Tape, ANL, 1977.

IRDF-82 6428 Yes Adopted from ENDF/B-V, ANL, 1977.

JENDL-3 3222 No KUR, 1989.
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Alternative Cross Section Sources for the NIII"l‘i(n,X)‘“‘Sc Reaction

Table A-19a

ENDEF/B-VI 2225 Yes but Format conversion of ENDF/B-V.
2228 not coupled
IRDF-90 2225 Yes but ORNL, (n,p) identical to early GLUCS, (n,np) identical to ENDF/B-
2228 not coupled .
ENDF/B-V 6427 Yes but Dosimetry tape, S31a.
6428 not coupled
ENDF/B-V 7226 No Activation Tape 532b.
7227
JENDL-3 3221 No KUR, Eval. 1989.
3222
JEF-2 2200 - NA -—-- Natural Ti only, no way to separate a single product.
NA use IRDF-90 with 4-"I'l(n,np) component renormalized to fit Smith’s total
ENDEF/B-VI | 14.7 MeV value of 294.8 mb.

data
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Yes

Table A-20a
Alternative Cross Section Sources for the 48'I‘i(n,p)"”Sc Reaction

Format translation of ENDF/B-V.

2231 Yes, GLUCS | ORNL, identical to GLUCS, NJOY processing error in covariance
data.
6429 Yes ORNL, 1990 GLUC library.
6429 Yes Dosimetry Tape, ANL, 1977.
wI;.i'i’_l)l""/B-V 7228 No Activation Tape, ANL, 1977.
IRDF-82 6429 Yes Adopted from ENDF/B-V, ANL, 1977.
| JENDL-3 3223 ‘No | KUR, 1989,
JENDL-3 Dos. 2233 Yes Identical to JENDL-3, covariance adopted from IRDF-85.
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47

Table A-21a

Alternative Cross Section Sources for the 48Ti(n,np)‘”Sc Reaction

B

Yes Format translation of ENDF/B-V.
Yes Taken from ENDF/B-VL.
- :ﬁxis reaction not part of GLUCS database.
ENDF/B-V 6429 Yes Dosimetry Tape, ANL, 1977.
| ENDF/B-V 7228 No Activation Tape, ANL, 1977.
IRDF-82 6429 Yes Adopted from ENDF/B-V, ANL, 1977.
JENDL-3 3223 No KUR, 1989.
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Table A-22a

Format conversion of ENDF/B-V.

2228 not coupled
IRDF-90 2228 Yes but ORNL, (n,p) identical to early GLUCS, (n,np) identical to ENDF/B-
2231 not coupled | VL
ENDF/B-V 6428 | Yesbut | Dosimetry tape, 531a.
6429 not coupled
ENDF/B-V 7227 No Activation Tape 532b.
7228
JENDL-3 3221 No KUR, Eval. 1989.
3222
JEF-2 2200 - NA ---- Natural Ti only, no way to separate a single product.
use IRDF-90 47Ti(n,p) with ENDF 48Ti(n,np) component renormalized to
ENDF/B-VI | fit Smith’s total 14.7 MeV value of 223.1 mb.

data
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Alternative Cross Section S

Table A-23a
ources for the 55Mn(n,'y)“Mn Reaction

ENDF/B:-VI 2525 ch‘ JAERI, ORNL EvalMarch | 1958
IRDF-90 2525 -NA Yes Taken from ENDF/B-VI, only includes (n,2n) NOT (n.,y).
ENDF/B-V 1325 No BNL, March 1977, Tape 553, revision 1.
ENDF/B-V 6325 -NA No BNL, March 1977, Dosimetry Tape 531, includes (n,2n), NOT (n,y).
_ENDF/B 7255 No | BNL, March 1977, Activation tape 532.
3251 Yes JAERI March 1987 eval., tape 24, same as ENDF/B-VL.
BROND -—- NA - -—-- Advertised as part of the 1989 update, but not in author’s 1989 version.

JEF 2.2 2525 No

NEA, Recom. June 1982, taken from ENDF/B-IV mat 1197.
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Table A-24a

ion Library | |

JAERI, ORNL Eval. March 1988, (n,2n) calculated with TNG.

Yes Taken from ENDF/B-VI, only includes (n,2n) NOT {n,y).
Yes BNL, March 1977, Tape 553, revision 1.
ENDF/B-V 6325 Yes BNL, Mar?:h 1977, Dosimetry Tape 531a, includes (n,2n), NOT (n,y).
ENDF/B-V 7255 No BNL, March 1977, Activation Tape 532b.
JENDL-3 3251 Yes JAERI March 1987 Eval.., tape 24, (n,2n) calculated with TNG, same
as ENDF/B-VL
| BROND - NA — — Advertised as part of the 1989 update, but not in my 1989 version.
I JEF2.2 2525 No NEA, Recom. June 1982, taken from ENDF/B-IV mat 1197, tape jef-2.
IRDF-82 6325 Yes BNL, Eval. March 1977, taken from ENDF/B-V.
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Table A-25a
Alternative Cross Section Sources for the 54Fe(n,p)s"Mn Reaction

ORNL, Nov. 1989, taken from GLUCS with some smoothing.

ORNL, Nov. 1989, same as ENDF/B-VI.

GLUCS | 6430 Yes ORNL, 1990 distribution.
ENDFB-V | 6430 Yes HEDL, Eval. June 1979, Dosimetry Tape, 531a.
'ENDF/BV | 7264 No HEDL, ORNL, June 1979, Activation Tape, 532b.
JENDL-3 3261 No INDC, Eval. March 1987, Tape 24.
BROND 2611 No CCPFE], Eval. Nov. 1985, tape ma242.51.

JEF 2.2 2625 No KFK/ENEA, Eval. May 1990.
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Table A-26a
Alternative Cross Section Sources for the 56Fe(n p)56Mn Reaction

S6Fe Mi -omment

' ENDF, 2631 Yes ORNL, Eval. March 1989.

IRDF-90 2631 Yes | Taken from ENDF/B-VL.
GLUCS 561 Yes ORNL, 1990 distribution, same as ENDF/B-VI.
ENDF/B-V 6431 Yes ORNL, Eval. July 1978, Dosimetry Tape, 531a.
ENDF/B-V 7266 No ORNL, Eval. July 1978, Activation Tape, 532b.
JENDL-3 3262 No JNDC, Eval. March 1987.
BROND 2621 No CCPFEI, Eval. Nov. 1985, tape ma242.51.
JEF2.2 2631 No KFK/ENEA, Eval. Dec. 1989.
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Alternative Cross Section Sources for the 58Fe(n,y)ss’Fe Reaction

Table A-27a

ORNL, Eval. Nov. 1989.

2637 No Taken from ENDF/B-VL
ENDF/B-V 6432 Yes HEDL, Eval. June 1979, Dosimetry Tape, 531a.
ENDF/B-V 7268 No HEDL, June 1979, Activation Tape, 532b.
JENDL-3 3264 No INDC, Eval. March 1987, Tape 24.
JENDL-3 Dos 2634 Yes Identical to JENDL-3, covariance adopted from IRDF-85.
BROND 2641 No CCPFEL Eval. Nov. 1985.
JEF 2.2 2637 No KFK/ENEA, Eval. Dec. 1589, tape jef-2.
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Figure A-27d: 53F¢a(n,~y)59Fe Cross Section
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Table A-28a
Alternative Cross Section Sources for the N*Fe(n,X)dpa Reac ‘ion




uo1323g ssoI1) edp(Xu)a ., ‘BSZ-V IN31]
1199§ 2 1N

(A9N) £S1ouyg uonnaN
01 or ot _or _or ol _ol _ol 0 O _ol .0l
R
E

edp oI WISV|

(=}
v—

A-95

(q) uonoag sso1) juswosedsi(y



"IA-9/JANH se dwes ‘z-yof ode) ‘gg6T AInf ‘Tead “INV sox STLT cTdar

~INd ySnoxy) sjqefreae jxed ur jou nq ‘Areiqry ut 3q 0 papodoy VN aNodd

"pT 2de) ‘8861 “3ny Tead ‘THN ON 1LT€ €-1aNASf

Al-9/4QNF uo paseq ‘qzes ‘odey, uoneandy ‘LL61 dunf ‘Teaq “ING ON 6LZL A-€/4aN3
"papnjout

10U uoRdeal S ‘e1¢S ade], Anamiso( ‘LL61 2unf ‘Tead “ING LTE9-VN A-9/4aNHF
*PaI10U SEM SanjeA [ejudwLadxd ul uoneLeA Spim

© AI-9/J(NH U0 paseq “Z UOISIAAI ‘196 adey ‘L£6T dunf TeAq “ING ON LTET A-4/4QNT
“(uz‘u) pue (0°u) sl

‘uonoeas (d‘u) apnjoul Jou SIOP ‘G6S-09 Y ‘IA-€/IANH WOy UEL - STLT - VN

"6861 AIn[ ‘TeAq “INV

35553 55 3

B6c-V 9lqeL

STLT

S

rou.uaoﬁ o.ma%m,&.,mu 6 u&. .,..& mouﬁ_cm Eio;om mm_ao u>uw53__<

06-d4Al

A-96



L6-V

Cross Section (b)

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0.00

| N T T T
| | ENDF/B-VI P ]
| |ENDEF/B-V Activation o

JENDL-3 /
- ! ’ I . |
0.0 5.0 10.0 15.0
Neutron Energy (MeV)

Figure A-29a: 5S'Co(n,p)”Fe Cross Section
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Table A-30a

Alternative Cross Section Sources for the 59Co(n,y)‘“’Co Reaction

T

NI

ANL, Eval. July 1989.

IRDF-90 2725 No Taken from ENDF/B-VI, file co-59b.

ENDF/B-V 1327 Yes BNL, Eval. June 1977, tape 561, revision 2, based on ENDF/B-IV.
ENDF/B-V 6327 Yes BNL, Eval. June 1977, Dosimetry Tape 531a.

ENDF/B-V 7279 No BNL, Eval. June 1977, Activation Tape, 532b, based on ENDF/B-IV.
JENDL-3 3271 No KHI, Eval. Aug. 1988, tape 24.

BROND NA —een Reported to be in library, but not in part available through BNL.

JEF 2.2 2725 No ANL, Eval. July 1988, tape jef-2.
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Figure A-30a: Co(n,y)**Co Cross Section
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Alternative Cross Section Sources for the 59'Co(n,oc)“Mn Reaction

Table A-31a

2725 Yes ANL, Eval. July 1989.

IRDF-90 2725 Yes. Taken from ENDF/B-VI, file co-39b.

ENDF/B-V 1327 Yes BNL, Eval. June 1977, tape 561, revision 2, based on ENDF/B-1V, a
wide variation in experimental values was noted.

ENDF/B-V 6327 Yes BNL, Eval. June 1977, Dosimetry Tape 531a.

ENDF/B-V NA --7279 - BNL, Eval. June 1977, Activation Tape, 532b, based on ENDF/B-IV,
does not include (n,a) reaction.

JENDL-3 327 No KHI, Eval. Aug. 1988, tape 24.

BROND NA - Reported to be in library, but not in part available through BNL.

| JEF 2.2 2725 Yes | ANL, Eval. July 1988, tape jef-2.
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Alternative Cross Section Sources for the > Co(n,2n)58Co Reaction

Table A-32a

¥

ENDF/B-VI 2725 Yes ANL, Eval. July 1989.
2725 Yes IRK-Vienna, eval. April 1990, file co-59a.
ENDF/B-V 1327 No BNL, Eval. June 1977, tape 561, revision 2, based on ENDF/B-IV, a
wide variation in experimental values was noted.
ENDF/B-V 6327 Yes BNL, Eval. June 1977, Dosimetry Tape 531a.
ENDF/B-V 7279 No BNL, Eval. June 1977, Activation Tape, 532b, based on ENDF/B-IV.
JENDL-3 3271 No KHI, Eval. Aug. 1988, tape 24, same as ENDF/B-VI.
BROND NA - Reported to be in library, but not in part availabie through BNL.
JEF 22 2725 Yes ANL, Eval. July 1988, tape jef-2.
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Alternative Cross Section Sources for the *3Ni(n P

Table A-33a

ORNL, Eval. Oct. 1989, taken from GLUCS with some smoothing.

IRDF-90 2825 Yes Taken from ENDF/B-VL
ENDF/B-V 6433 Yes BNL, Eval. March 1977, Dosimetry Tape, 531a.
ENDF/B-V 7288 No BNL, Eval. May 1978, Activation Tape, 532b.

GLUCS 6433 Yes ORNL, 1990 distribution.

JENDL-3 3281 No NAIG, Eval. March 1987, Tape 24.

BROND 2811 No FEI-CID, Eval. May 1985.

JEF 2.2 2825 Yes NEA, Recom. Jun 1991, taken from ENDF/B-VL, tape jef-2.




LO0T-V

Cross Section (b)

0.70
0.60 —
050 -
0 -
0.30 ~—
0.20 —

0.10 |-

| . | . l .

0.00
0.00

5.00 10.00 15.00 20.00

Neutron Enérgy MeV)
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Alternative Cross Section Sources for the 58Ni(n,2n)57N i Reaction

Table A-34a

ORNL, Eval. Oct. 1989.

IRDF-90 2825 Yes IRK-Vienna, Eval. April 1990, file ni-58b, indistinguishable from
ENDF/B-VI.

IRDF-90 2825 Yes NOT IRDF Recommended file, but present on release tape, file ni-58a,
taken from ENDF/B-VL

ENDF/B-V 6433 Yes BNL, Eval. March 1977, Dosimetry Tape, 531a.

ENDF/B-V 7288 No BNL, Eval. May 1978, Activation Tape, 532b.

GLUCS 6433 - NA --- ORNL, 1990 distribution, does not include (n,2n) reaction.

JENDL-3 3281 No NAIG, Eval. March 1987, Tape 24.

BROND 2811 No FEI-CID, Eval. May 1985.

JEF 2.2 2825 Yes NEA, Recom. June 1991, taken from ENDF/B-VI, tape jef-2.
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Alternative Cross Section Sources for the 60Ni(n,p)‘“’Co Reaction

Table A-35a

ORNL, Eval. Oct. 1989.

IRDF-90 2831 Yes Taken from ENDF/B-VI], format mod.

ENDF/B-V 6434 Yes BNL, Eval. March 1977, Dosimeiry tape 531a.

ENDF/B-V 7280 No BNL, Eval. May 1978, Activation Tape 532b, includes population of
1st ES and GS in file 9.

JENDL-3 3282 No NAIG, Eval. March 1987, Tape 24.

BROND 2821 No FEI-CJD, Eval. May 1985.

JEF 2.2 2831 Yes NEA, Rcom. June 1991, tape jef-2, taken from ENDF/B-VL
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Table A-36a

Alternative Cross Section Sources for the 63Cu(n,y)‘s“Cu Reaction

ORNL, Eval. Nov. 1989.

IRDF-90 2925 No ORNL, Eval. Nov. 1989, taken from ENDF/B-VI.

ENDF/B-V 6435 Yes ORNL, Eval. July 1978, Dosimetry Tape 531a.

ENDF/B-V 7293 No ORNL, Eval. July 1978, Activation Tape 532b.

JENDL-3 3291 No NAIG/MAPI, Eval. March 1987, Tape 25.

BROND -NA - e Advertised as part of library, Eval. 1986, but not in my files.

JEF 2.2 2900 - NA Only includes N&tCu, 3Cu(n,y) component taken from experimental

data.
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Figure A-36b: 63’Cu(n,y)‘s“Cu Cross Section
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Alternative Cross Section Sources for the 63Cu(n,2n)62Cu Reaction

Table A-37a

ORNL, Eval. Nov. 1989.

NOT IRDF recommended file, but present on released tape.
ORNL, Eval. Nov. 1989, file cu-63b, taken from ENDF/B-VL

GLUCS 6435 Yes ORNL, 1990 distribution, same as ENDF/B-VL

IRDF-90 2925 Yes IRK-Vienna, Eval. June. 1979, file cu-63a.

IRDF-82 2920 Yes AUSIRK, Eval. 1979.

ENDF/B-V 6435 - NA ORNL, Eval. July 1978, Dosimetry Tape 531a.
(n,2n) reaction NOT on tape.

ENDF/B-V 7293 - NA -- ORNL, Eval. July 1978, Activation Tape 532b.
(n,2n) reaction NOT on tape.

JENDL-3 3291 No NAIG/MAPI, Eval. March 1987, Tape 25.

BROND - NA -- - Advertised as part of library, Eval. 1986, but not in my files.

JEF 2.2 2900 - NA - Only includes Natcyy, 63Cu(n,an component taken from experimental
data and renormalized with the 9>Cu data to fit total measurements.
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Figure A-37b: 63’Cu(n,2n)62Cu Cross Section
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Table A-38a
Alternative Cross Section Sources for the 63'Cu(n,ct)mCo Reaction

ORNL, Eval. Nov. 1989.

IRDF-90 2925 Yes ORNL, Eval. Nov. 1989, file cu-63b, taken from ENDF/B-VL
GLUCS 6435 Yes ORNL, 1990 distribution.

ENDF/B-V 6435 Yes ORNL, Eval. July 1978, Dosimetry Tape S31a.

ENDF/B-V 7293 No ORNL, Eval. July 1978, Activation Tape 532b.

JENDL-3 3291 No NAIG/MAPI, Eval. March 1987, Tape 25.

BROND - NA -- ———- Advertised as part of library, Eval. 1986, but not in my files.
JEF2.2 2900 - NA - Only includes N2'Cu, 53Cu(n,a) component taken from ENDF/B-V

dosimetry library.




611-V

Cross Section (b)

0.06

0.05

0.04

0.03

0.02

0.01

0.00

20

|

|

-

[ |ENDE/B-VI

|| ENDF/B-V Dos. /

I R SN

|

4.0

Figure A-38a: 3Cu(n,0)%*Co Cross Section

6

0 8.0 10.0 12.0 14.0

Neutron Energy (MeV)

16.0

18.0

20.0



AR

Table A-39a
Alternative Cross Section Sources for the ,65Cu(n,2n)64Cu Reaction

ORNL, Eval. Nov. 1989, taken from GLUCS with some smoothing.

2931

Yes

IRDF-90 Taken from ENDF/B-VL

GLUCS 6436 Yes 'ORNL, 1990 release, slightly different from ENDF/B-VL
ENDF/B-V 6436 Yes "ORNL, Eval. July 1978, Dosimetry Tape 531a.

ENDF/B-V 7295 No ORNL, Eval. July 1978, Activation Tape, 532b.

,.J.ENDL-3 3292 ‘No NAIG/MAPI, Eval. Mat. 1987, tape 25. o

'BROND NA — Reported to part of the library, but n6 included in th:-.--}.-.fus; to the
JEF22 2900 - NA - Only includes N2Cu, 55Cu(n,2n) component taken from ENDF/B-V

dosimetry library.
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Table A-40a

Alternative Cross Section Sources for the 64Zn(u,p)“"Cu Reaction

No ENDF/B evaluation exists.

IRK Eval. April 1990.

IRDF-82

3020 Yes AUSIRK, Eval. 1979.
JEF2.2 3025 No NEA, Rcom. June 1983, taken from RCN-2 evaluation, tape jef-2.
JENDL-3 Dos. 3031 Yes DE, Eval. March 1990, covariance taken from IRDF-85.
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Table A-41a
urces for the 9°Zr(n,2n)89Zr Reaction

SAVBNL, Eval. April 1976, tape 104, taken from ENDF/B-V.

No
Yes IRK, Eval. April 1990.
Yes | AUSIRK, Eval. 1979.
ENDF/B-V 1385 No SALI, Eval. April 1976, tape 558, revision 2.
ENDF/B-V 7400 No* SAI Eval. April 1976, Activation Tape, 532b.
JENDL-3 3401 No IJNDC, Eval. Aug. 1989, tape 25.
BROND NA o Reported to ’be part of the library, but not in tapes delivered to NNDC.
JEF2.2 4025 -NA -- Recom. July 1983, tape jef-3, taken from JENDL-1, mat 4090.

“Does not include (n,2n) reaction.
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Table A-42a
Alternative Cross Section Sources for the GaAs(n,X)1MeV Reaction

SR

ENDEF/B-VI 3100 No LLNL Howerton LENDL evaluation modified by Young (LANL), con-
verted from ENDF/B-V. Uses 10 eV for displacement damage thresh-
3325 old.
HEDL, April 1974 eval, taken from ENDF/B-V. Uses 10 eV for dis-
placement damage threshold.
ENDF/B-V 1358 No LLL Howerton LENDL with LANL Young mod, May 1980, tape 517.
9071 HEDL, April 1974, partial fission product tape 541.
JEF 2.2 3100 No Recom. July 1982, taken from LENDL, tape jef-3.
3325 Recom. July 1982, taken from ENDF/B-V, tape jef-3.
MIX 3100 No ENDF/B-VI for Ga, ENDL original for As-75. The original ENDL
8302 contains information on photons to allow their subtraction from kerma,
as well as (n,p), (n,2n), (n,3n), and (n,cx) reactions.
3100 No Same as MIX, but processed with NJOY using a PKA energy depen-
8302 dent displacement damage efficiency factor.
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Table A-43a

Alternative Cross Section Sources for the 93Nb(n,y)94mNb Reaction

4125 Yes ANL/LLL Eval. March 1990.
F-90 4125 -NA --- IRK Eval April 1990. Does not include (n,y) reaction.
IRDF-82 4120 - NA - AUSIRK, Eval. 1979. Does not include (n,y).
ENDF/B-V 1189 No ANL/LLL, Eval. May 1974, Tape 510.
ENDF/B-V 7413 No ANL/LLL, Eval. May 1974, Activation Tape, 532b.
JENDL-3 3411 No NAIG, Eval Nov. 1988, Tape 25.
BROND 4193 No CCPFEI, Eval. 1988, tape 77, updated of 4111.
JEF22 4125 No _Tak.el:d from ENDF/B-V, mat 1189, tape jef-3. Resonance parameters
revised.
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Table A-44a

Alternative Cross Section Sources for the 93Nb(n,2n)92mNb Reaction

e

ANL/LLL Eval. March 1990.

4125 Yes
4125 Yes IRK Eval April 1990.
IRDF-82 4120 - NA --- AUSIRK, Eval. 1979. Does not include (n,2n).
ENDF/B-V 1189 No ANL/LLL, Eval. May 1974, Tape 510.
ENDF/B-V 7413 No ANL/LLL, Eval. May 1974, Activation Tape, 532b.
JENDL-3 3411 No NAIG, Eval Nov. 1988, Tape 25.
JENDL-3 Dos. 4131 Yes JAERI,DE, Eval. Mar. 1990. Covariance data taken from IRDF-85.
BROND 4193 No CCPFEL Eval. 1988, tape 77. Updated of 4111.
JEF 2.2 4125 No Taken from ENDF/B-V, mat 1189.
DOSCROS84 7413 No ENDF/B-V with modified ratio = 0.4 from S. Blow, AERE-R6540,
Jan. 1971 [51].
Strohmaier -—--- No Strohmaier, private communication 1990. See ref. 17 and 19. This

work formed one input to the IRDF-90 cross section.




8CI-V

Cross Section (b)

0.50

. ————

ol E T T

036 -

o |- IRDF-90 1

oz |- DOSCROS84 | -

0.14 |- Strohmaier -—_

JENDL'3 Dos,| -

0.005.00 o ' 15100 . 00
Neutron Energy (MeV)

Figure A-44a: %Nb(n,2n)’’™Nb Cross Section
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Alternative Cross Section Sources for the 93Nb(n,n’)93mNb Reaction

Table A-45a

ANL/LLL Eval. March 1990.
IRK Eval. April 1990.

IRDF-82 4120 Yes AUSIRK, Eval. 1979.

ENDF/B-V 1189 No ANL/LLL, Eval. May 1974, Tape 510.

ENDF/B-V 7413 - ANL/LLL, Eval. May 1974, Activation Tape, 532b, MT=4, obtained
by subtraction.

JENDL-3 3411 No NAIG, Eval. Nov. 1988, Tape 25.

JENDL-3 Dos. 4131 Yes JAERI,DE, Eval. March 1990. Covariance matrix from IRDF-85.

BROND 4193 No CCPFEL Eval. 1988, tape 77. Updated of 4111.

JEF 22 4125 No Taken from ENDF/B-V, mat 1189.

Pre-ENDF-VI 4125 Yes Pre-release version contains cumulative (n,n’) contribution in comment
section, not permitted in official ENDF format. Nearly identical to
IRDF-82 evaluation.

Private, Smith 4125 Yes Smith private communic-*ion [16], should be in official ENDF/B-VI
version, initial format problem because it must appear in File 8 not 3.
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Figure A-45a: 93Nb(n,n’)>>™Nb Cross Section
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Figure A-45c: 93Nb(n,n’)93Nb Cross Section Components
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Table A-46a

Alternative Cross Section Sources for the 98Mo(n,y)99Mo Reaction

Accepted from ENDF/B-V fission product tape.

4243 No
7428 No HEDL, Eval. Feb. 1980, Activation Tape, 532b.
3426 No INDC, Eval. Aug. 1989, Tape 25.

BROND 4231 No CID/FEIL Exam. Oct. 1985.

JEF2.2 4243 No NEA, Rcom. July 1982, tape jef-3.
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Figure A-46b: 9%Mo(n,y)*’Mo Cross Section
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Figure A-46c: 98Mo(n,y)”Mo Cross Section
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Table A-47a

Alternative Cross Section Sources for the 103Rh(n,n’)m3“"Rh Reaction

HEDL, BAW, Nov. 1978. n from ENDF/B-V fission product
library, inelastic states 51-64&91 exist.

1310 No HEDL, BAW, Nov. 1978, tape 510 fission product tape.
4525 Yes IRK, Eval. June 1980.
IRDF-82 4520 Yes AUSIRK, Eval. 1979.
JENDL-3 Dos. 4531 Yes Cross section and covariance data taken from IRDF-85.
JEF2.2 4525 No NEA, Rcom. July 1983, tape jef-3. Taken from RCN-3 evaluation
(MAT'=4503), inclastic states 51-74&91.
BROND 4501 No CID-FEI, Eval. Sept. 1984, tape ma242.51, states 51-63&91.
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Figure A-47b: 183Rh(n,n")1% ™R Cross Section for 15t Excited State
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Table A-48a
Alternative Cross Section Sources for the 1%Ag(n,y)!1"Ag Reaction

‘\-.»M R 5

NIRRT

ENDF/B-VI 4731 No BNL, HEDL, Eval. June 1983. Taken from ENDF/B-V fission -prod-

uct tape, also from ENDF/B-IV.
ENDF/B-V 1373 No HEDL, BNL, Eval. Nov. 1978, tape 510 fission product tape.
ENDF/B-V 1409 No BNL, HEDL, Eval. June 1983, revision 2, tape 563, supersedes 1373.
ENDF/B-V 7479 No HEDL, BNL, Eval. Nov. 1978, Activation Tape 532. Note this evalua-
tion was NOT updated in 1983 when the full evaluation was changed.
JENDL-3 3472 No JAERI, Eval. March 1987, tape ma257.25.
BROND 4711 No CID-FEI, Eval. May 1984, tape NDS1. Quoted in BROND documen-
tation as 4791, difference unknown, tape ma242.51.
JEF 2.2 4731 No NEA, ?;om July 1983. Taken from RCN-3 evaluation (MAT=4709),
tape jef-3.

7479 No Taken from ENDF/B-V Activation Tape with a branching ratio of
5.299E-2 (referenced by Zijp [14]).
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Figure A-48c: 1%Ag(n,y)!1*™Ag Cross Section
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Figure A-49a: N2'Cd(n,abs) Cross Section



8S1-V

Cross Section (b)

10

10°*

10°

10°

10"

10°

10'1 .(.B:E.)..

10'2;F (n’t)

10°

1o‘§ Sn,a)

10° :.16““‘“14' sl ST RV B N P U S S :

10™ 10° 10° 1007 10° 10° 1000 100° 100° 100 10 10
Neutron Energy (MeV)

Figure A-49b: N3'Cd(n,abs) Cross Section Components
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4931

X 5

Alternative Cross Section Sources for the 115In(n,y)lm‘“ln Reaction

R

Table A-50a

HEDL/ANL, Eval. March 1990.

NA -- 4931 - Taken from ENDF/B-VI, ANL, Eval. Jan. 1990. (n,y) not in evalua-

tion.

ENDF/B-V 6437 Yes HEDL/ANL, Eval. Jan. 1978, Dosimetry Tape 531a.

ENDF/B-V 7495 No HEDLJ/ANL, Eval. Jan. 1978, Activation Tape, 532b.

ENDF/B-V 9477 No HEDL, INEL, Eval. Dec. 1979, Fission Product Tape. (n,y) calculated
by NCAP code.

JEF22 4931 No Documentation states taken from ENDF/B-V mat 9477, a fission prod-
uct tape, tape jef-4.

private NA -- 0909 Yes ANL, Smith, Eval. Jan. 1990, only contains the (n,n’) reaction.
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Table A-51a

Alternative Cross Section Sources for the ll5In(n,n’)ns“‘ln Reaction

HEDL/ANL, Eval. March 1990,

ENDF/B-VI 4931 Yes
Revision from D. Smith did not make original release, will be modi-
fied, see private entry.

4931 Yes File states that it is taken from ENDF/B-VI, ANL, Eval. Jan. 1990,
, however the plots differ.

ENDF/B-V 6437 Yes HEDL/ANL, Eval. Jan. 1978, Dosimetry Tape 531a.

ENDF/B-V 7495 No HEDL/ANL, Eval. Jan. 1978, Activation Tape, 532b.

ENDF/B-V 9477 No HEDL, INEL, Eval. Dec. 1979, Fission Product Tape 543. Calculated
with COMNUC-3 code. This file has several inelastic components.

JEF 2.2 4931 No Taken from ENDF/B-V mat 9477, tape jef-4

private 0909 Yes Private communication of pre-ENDF/B-6 evaluation [16]. ANL,
Smith, Eval. Jan. 1990, same as IRDF-90. Will be incorporated into
ENDF/B-VI. Confirmation from D. Smith on 10/26/92.
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Alternative Cross Section Sources for the 127I(n,Zn)lz‘;I Reaction

B

Table A-52a

o

HEDL, RCN, Eval. Feb. 1980, taken from ENDF/B-V Fission Product
Tape.

ENDF/B-\; 6438 Yes Stanford, Eval. Aug. 1972, Dosimetry Tape 531a.
ENDF/B-V 7537 No HEDL, Feb. 1980, Activation Tape 532b.
I JEF22 5325 No NEA, Rcom. July 1983, tape jef-4, taken from RCN-3 eval.
(MAT=4533).
JENDL-3 Dos. 5331 Yes Covariance taken from IRDF-85.
IRDF-82 6438 Yes Taken from ENDF/B-V Dosimetry Tape.
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Figure A-52a: 127I(n,2n)12%I Cross Section
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IRDF-90

Table A-53a
Alternative Cross Section Sources for the 197Au(n,p)197 Pt Reaction

s i s
LANL, Eval. Jan. 1984. Q-value revised July 1991. This is ENDF/B-
VI revision 1, file au-197a. The (n,p) reaction adopted from ENDF/B-
V.

NA -- 7925

Reaction not in either file au-197a or au-197b.

ENDF/B-V

1379

No

BNL, Eval. Feb. 1977, Tape 554.

ENDF/B-V

NA -- 6379

BNL, Eval. Feb. 1977, Dosimetry Tape 531a. Does not include (n,p)
reaction.

ENDF/B-V

NA -- 7797

BNL, Eval. Feb. 1977, Activation Tape, 532b. Does not include reac-
tion.

JEF 2.2

7925

No

RCOM June 1982, taken from ENDF/B-V, mat=1379. (n,y) replaced
by ENDF/B-VI on May 1989, tape jef-6.

DOSCROS84

7797

No

Listed as taken from ENDF/V Activation Tape 532, but not in my ver-
sion of 532 tape. Taken directly from DOSDAMS84 tape. Identical to
ENDF/B-VI.
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Table A-54a

Alternative Cross Section Sources for the 197Au(n,'y)193Au Reaction

LANL, Eval. Jan. 1984. Q-value revised July 1991. Uses Version Vi
standard cross section for (n,y). This is ENDF/B-VI revision 1.

in file com- | Both ENDF/B-VI versions say they adopted the ENDF/B-VI standard
ments) cross section below 2.5 MeV. Uses calculation and experimental data
above this energy.
IRDF-90 7925 Yes Taken from ENDF/B-VI.
ENDF/B-V 1379 Yes BNL, Eval. Feb. 1977, Tape 554.
ENDF/B-V 6379 Yes BNL, Eval. Feb. 1977, Dosimetry Tape 531a.
ENDF/B-V 7797 No BNL, Eval. Feb. 1977, Activation Tape, 532b.
JEF 2.2 7925 Yes RCOM. June 1982, Tape jef-6, taken from ENDF/B-V, mat=1379.

(n,y) replaced by ENDF/B-VI on May 1989.

Despite this comment in file, data agrees with ENDF/B-V and NOT
with ENDF/B-VI. See note under ENDF/B-VI on use of ENDF/B-VI
standard cross section.
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Table A-55a
Alternative Cross Section Sources for the l”Au(n,Zn)ls"sAu Reaction

ENDF/B-VI 7925 No LANL, Eval. Jan. 1984. Q-value revised July 1991. This is ENDF/B-
VI revision 1, file au-197a.
7925 Yes IRK, Eval. April 1990, file au-197b.
1379 Yes BNL, Eval. Feb. 1977, Tape 554. (n,2n) same as ENDF/B-IV.
ENDF/B-V NA -- 6379 -- BNL, Eval. Feb. 1977, Dosimetry Tape 531a, not in reaction list.
ENDF/B-V 7797 No BNL, Eval. Feb. 1977, Activation Tape, 532b.
JEF 2.2 7925 No RCOM. June 1982. Taken from ENDF/B-V, mat=1379, tape jef-6.
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Figure A-55a: 197 Au(n,2n)196Au Cross Section
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Table A-56a

Alternative Cross Section Sources for the 197 Au(n,3n)195Au Reaction

LANL, Eval. Jan. 1984. Q-value revised July 1991. This is ENDF/B-
VI revision 1.

L NA -- 7925 - Reaction not in either au-197a or au-197b.

'ENDF/B-V 1379 No BNL, Eval. Feb. 1977, Tape 554.

'ENDFBV | NA-6379 - BNL, Eval. Feb. 1977, Dosimetry Tape 531a, pot in reaction list.
ENDF/B-V 7797 No BNL, Eval. Feb. 1977, Activation Tape, 532b.

| JEF 2.2 7925 No RCOM. June 1982. Taken from ENDF/B-V, mat=1379, tape jef-6.
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Table A-57a

Alternative Cross Section Sources for the l9"Au(n,abs) Reaction

Only on total

LANL, Eval. Jan. 1984, components 102, 103, 107.

1379

No

BNL Eval. Feb. 1977, tape 554.

7925

No

Rcom. June 1982. Taken from ENDF/B-V, mat=1379. (n,y) replaced
by ENDF/B-VI on May 1989, tape jef-6.
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Table A-58a
ross Section Sources for the 232Th(n,'y)zz""Th Reaction

Alterna
i 1474

tive C

y.

BNL, ANL, Eval. Dec. 1977. Taken form ENDF/B-V.
IRDF-90 9040 Yes Taken from ENDF/B-VL
ENDF/B-V 1390 Yes BNL, Eval. Dec. 1977, rev. March 1982, tape 561, revision 2.
ENDF/B-V 6390 Yes BNL, Eval. Dec. 1977, Dosimetry Tape 531a.
ENDF/B-V 7902 No BNL, Eval. 1977, Activation Tape 532b.
JEF 2.2 9040 No Nf_;\, Rcom. June 1982. Taken from ENDF/B-IV (MAT=1296), tape
jef-7.
JENDL-3 3905 No Kinki U., Eval. March 1987, tape ma257.27.
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23

Alternative Cross Section Sources

Table A-59a
for the 23'zTh(n,Zn)z"'lTh Reaction

N

BNL, ANL, Eval. Dec. 1977. Taken form ENDF/B-V.

IRDF-90 NA -- 9040 - Taken from ENDF/B-VI, reaction not in file.

ENDF/B-V 1390 No BNL, Eval. Dec. 1977, rev. March 1982, tape 561, revision 2.

ENDF/B-V NA -- 6390 --- BNL, Eval. Dec. 1977, Dosimetry Tape 531a, reaction not in file.

ENDF/B-V 7902 No BNL, Eval. 1977, Activation Tape 532b.

JEF 2.2 9040 No Ni::;\, Rcom. June 1982. Taken from ENDF/B-IV (MAT=1296), tape
jef-7.

JENDL-3 3905 No Kinki U., Eval. March 1987, tape ma257.27.
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Figure A-59a: 232Th(ni,2n)231Th Cross Section
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Alternative Cross Section Sources for the 232Th(n,H)F.P. Reaction

%

Table A-60a

=

BNL, ANL, Eval. Dec. 1977. Taken form ENDF/B-V.

IRDF-96 9040 Yes Taken from ENDF/B-VL

ENDF/B-V 1390 Yes BNL, Eval. Dec. 1977, rev. March 1982, tape 561, revision 2.

ENDF/B-V 6390 Yes BNL, Eval. Dec. 1977, Dosimetry Tape 531a.

ENDF/B-V NA - 7902 No BNL, Eval. 1977, Activation Tape 532b, reaction not on tape.

JEF 2.2 9040 No NEI;, Rcom. June 1982. Taken from ENDF/B-IV (MAT=1296), tape
jef-7.

JENDL-3 3905 No Kinki U., Eval. March 1987, tape ma257.27.
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Cross Section (b)
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Figure A-60b: 23*Th(n,f)F.P. Cross Section
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Table A-61a _
Alternative Cross Section Sources for the 23'5U(n,t)F.P. Reaction

ORNL/LANL, Eval. Nov. 1989, Tape 121, release 1.

Covariance data removed from early version pending further analysis.
;\);;-ENDF/B— 9228 Yes ORNL/LANL, Eval. Apr. 1989, u-235o.
GLUCS 9228 Yes ORNL, 1990 release.
IRDF-90 9228 Yes Taken from ENDF/B-VL
ENDF/B-V 1395 Yes BNL, Eval. April 1977, Release 2, Tape 562.
ENDF/B-V 6395 Yes BNL, April 1977, Dosimetry Tape 531a.
JENDL-3 3924 No SAEI, Eval. Mar. 1987, Tape 27.
' BROND 2021 No CCPUE, Eval. April 1985, Dec. 1989 revision, tape ma257.77.
JEF2.2 9228 Yes Based on ENDF/B-VI, Recom. Aug. 1990, tape jef-2.
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Cross Section (b)
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Figure A-6la: 23’SU(n,f)F.P. Cross Section
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Figure A-61b: 25U(n,HE.P. Cross Section
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Alternative Cross Section Sources for the 233U(n,H)F.P. Reaction

238

Table A-62a

ORNL/LANL, Eval. Nov. 1989, revision 1, tape 121.
Covariance data removed from early version pending review by the
community.

IRDF-90 9237 Yes Taken from ENDF/B-V1.

GLUCS 9237 Yes ORNL, 1990 Release, high energy identical to ENDF/B-VL

ENDEF/B-V 1398 Yes ANL, Eval. June 1977, Revision 2, tape 562.

ENDF/B-V 6398 Yes ANL, Eval. June 1977, Dosimetry Tape 531a.

ENDF/3-V NA -7928 No ANL, Eval. June 1977, Activation Tape, 532b. Does not include (n.f)
reaction.

JENDL-3 3926 No KYU, JAERI, Eval. April 1987, tape 27.

BROND 9271 No Eval. Feb. 1978 revision 1 Dec. 1981, tape ma242.51.

JEF 2.2 9237 Yes JEF Collab., Eval. June 1989. High energy identical to ENDF/B-VL
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9346

Table A-63a

Alternative Cross Section Sources for the 237Np(n,t)F.P. Reaction

No LANL, Eval. April 1990, revision 1.
bAI-RDF-‘)O 9346 No Taken from ENDF/B-VIL.
ENDF/B-V 1337 Yes HEDL/SRL, Eval. April 1978, tape 560, revision 2.
ENDF/B-V 6337 Yes HEDL/SRL, Eval. April 1978, Dosimetry Tape 531a.
JENDL-3 3931 No KYUSHU, Eval. Nov. 1987, NJOY processing error.
BROND 9311 No FR/CAD, Eval. Mar. 1981, tape ma242.51. Based on INDC eval.,
revised Nov. 1982.
JEF 2.2 9346 No NEA, Recom. June 1982. Taken from Derrien eval. tape jef-8.
IRDF-82 6337 Yes Taken from ENDF/B-V.
—p;ivate NA Yes A new fission cross section is being prepared by LANL. Preliminary

“analysis of new experimental data indicates that there may be signifi-

cant differences from previous evaluations. This evaluation will be
examined in future releases of the SNLRM L library.
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Table A-64a

Alternative Cross Section Sources for the 2”Pu(n,t)F.P. Reaction

A0

T

236

R

ENDF LANL, Eval. April 1989.

RDF-90 9437 No Taken from ENDF/B-VL.

ENDF/B-V 1399 Yes LANL, Eval. June 1683, tape 563, revision 2.

ENDF/B-V 6399 Yes GE-FBRD, Eval. Oct. 1976, Dosimetry Tape 531a.

JENDL-3 3943 No NAIG, Eval. Mar. 1987, tape 28.

JENDL-3 Dos. 9431 Yes Toshiba evaluation March 1987. Covariance data from IRDF-85.
BROND 9421 No IHMT, Eval. Sept. 1980, tape ma242.51.

JEF2.2 9437 No CAD/ORNL, Eval. Sept. 1990, tape jef-8.
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Figure A-64a: 23S’Pu(n,t)F.P. Cross Section
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Cross Section (b)
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Table A-65a
Alternative Cross Section Sources for the 241Am(n,f)F.P. Reaction

/B 9543 Yes CNDC, Eval. Feb. 1988.

ENDF/B-V 1361 Yes HEDL, ORNL, Eval. April 1978, tape 560, revision 2, simple Max-
wellian shape.

ENDF/B-V NA -- 7951 -- HEDL, ORNL, Eval. April 1978, Activation Tape 532b. Only (n,y) in
evaluation.

JEF 2.2 9543 No NEA, Rcom. June 1982, tape jef-9. Data taken from KEDAK-4.

JENDL-3 3951 No JAERI, Eval. March 1988, tape ma257.28.

JENDL-3 Dos. 9531 Yes Same as JENDL-3. Covariance from ENDF/B-VL

BROND 9511 No HAR, Eval. March 1980, revised Nov. 1983, tape ma242.51.

IRDF-82 1009 No AERE, Eval. 1979.
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Figure A-65b: 241Am(n,t)F.P. Cross Section
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Table A-66a
Cross Sections for the RML Enriched Uranium Fission Foil

DS AR

ENDF/B-VI 9228 09300 | Baseline isotope.
ENDEF/B-VI 9225 0.00981
I ENDF/B-VI 9231 0.00359
B8y ENDF/B-VI 9237 0.0566
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Figure A-66¢: Comparison of Fission Cross Section for Uranium Isotopes



ev

55563

Cross Section fo

r

= e

ne

0.9979

Table A-67a

RML Depleted Uranium Fission Foil

Baseline Isotope.

B8y ENDE/B-VI 9237

Bay ENDF/B-VI 9225 0.00001

By ENDF/B-VI 9228 0.00205 | Major thermal cross section impurity.
By ENDF/B-VI 9231 0.00004
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Figure A-67b: RML Depleted Uranium Fission Foil Cross Section
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Table A-68a
Cross Sections for the RML Plutonium Fission Foil

ENDEF/B-VI 9437 0.869965 | Baseline isotope.
ENDF/B-VI 9428 0.0006798
240py ENDF/B-VI 9440 0.115968688 | Component causes a shape change in dosimeter cross section.
2%1py ENDF/B-VI 9443 0.010797
242py ENDF/B-VI 9446 0.00235936
B5y ENDF/B-VI 9228 0.000199946
BNp ENDF/B-VI 9346 0.00002999
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Table A-69a
325.3.MeV Sensor as Calibrated in a 2>2Cf Field

1625 Yes — Methodology requires this response and covariance to be identical to
the 328(n,p) 2P sensor. If the ENDF/B-VI 22Cf spectrum is assumed,
then multiply the 32S(n,p)>?P values by 3.3718 to get a 52Cf 3-MeV

fluence equivalent sensor.
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APPENDIX B
Cross Section Covariance Matrices

B-1



No current cross section library includes covariance data on 108, The 1OB(n,ot)
covariance data is the best available input at this time. See Figure B-2 for the
10B(n,a) covariance matrix.

Figure B-1: ""B(n,abs) Covariance Matrix



Ag/c vs. E for °B(n,o)
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Covariance data for °B(n,a) with °B(n,a).

Figure B-2: 10B(n,X)“He Covariance Matrix



No current cross section library includes covariance data on 11B.

Figure B-3: “"B(n,abs) Covariance Matrix

B-4



No current cross section library includes covariance data on 1B or 1B, When this |
data is available to support Figures B-1 and B-3, the covariance data can be com-
bined to provide a matrix for natural boron. Since the major component of the
NatB(n,abs) reaction is the 19B(n,a), the covariance matrix from Figure B-2 is the
best available data.

Figure B-4: “'B(n,abs) Covariance Matrix
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No current cross section library includes covariance data on 1B, 11B, or NatC,
When this data is available the covariance data can be combmed to provide a
matrix for B4C. Since the major component of the Enrichedp, c(n abs) reaction is
the 1 B(n,a), the covariance matrix from Figure B-2 is the best available data.

Figure B-5: “""°"¢“B,C(n,abs) Covariance Matrix
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Ag/o vs. E for ®Li(n,t)
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Figure B-6: 6Li(n,X)"He Covariance Matrix



Ao/o vs. E for ¥F(n2n)
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Figure B-7: 19F(n,2n)18F Covariance Matrix



Ao/o vs. E for “Na(n,y)
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Covariance data for 2Na(n,7) with ®Na(n.).

Figure B-8: 23'Na(n,y)z“Na Covariance Matrix
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Ao/o vs. E for “Na(n,y)
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Figure B-8a: 23Na(n,y)z"Na Covariance Matrix
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_ 80/ vs.E for “Mg(n.p)
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Covariance data for #Mg(n,p) with #*Mg(n.p).

Figure B-9: 2“Mg(n,p)z"Na Covariance Matrix
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Ag/o vs. E for ¥'Al(n,p)
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Covariance data for ’Al(n,p) with Z7Al(n,p).

4Figure B-10: 2"Al(n,p)”Mg Covariance Matrix
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Ag/o vs. E for ¥"Al(n.a)
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Covariance data for ZAl(n,a) with Z7Al(n,a).

Figure B-11: 27Al(n,0t)24Na Covariance Matrix
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No current cross section library includes covariance data all of the important dis-

placement reactions on NS, When the data becomes available, an attempt will be
made to propagate the covariance information through the displacement kerma

Figure B-12: NaSj(n,X)1MeV Covariance Matrix
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Ag/o vs. E for *'P(n,p)
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Covariance data for 3'P(n,p) with 3'P(n,p).

Figure B-13: 31P(n,p)3Si Covuriance Matrix
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Ag/o vs. E for *s(n,p)
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Covariance data for 3%5(n,p) with 3%5(n,p).

Figure B-14: 32S(n,p)g’zP Covariance Matrix
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Ag/o vs. E for ¥S(n,p)
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Covariance data for 3%5(n,p) with 3S(n,p).

Figure B-14a: Previous 32S(n,p):"zP Covariance Matrix
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Ao/o vs. E for *°Sc(n,y)

30 - ENDF/B-VI
] Linear Axis:

20 4 Rel. Standard
4 Deviation (%)

10 1 Logarithmic Axis:
] J_,—PLIII Energy (¢¥)

TR T IO T TRV TYR T YTy TT YT —
10'2 1o° 102 104 10° o S 8 8

b

(Lu)osg, 0] T SA 0oV

ANMNMIHTTETT.

g0l 40T 201 0l , 01

Correlation Matrix

-1.00
-0.80
-0.60
_____ -0.40
335554 _0.20
0.00

Key:

Covariance data for 433c(n,y) with *3Sc(n,?).

Figure B-15: 458c(n,y)468c Covariance Matrix
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Ao/o vs. E for **Ti(n,p)
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Covariance data for *8Ti(n,p) with *6Ti(n,p).

Figure B-16: 46Ti(n,p)‘mSc Covariance Matrix
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Ag/o vs. E for “'Ti(n,p)
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Covariance data for 'Ti(n,p) with “Ti(n,p).

Figure B-17: 4"Ti(n,p)¥’Sc Covariance Matrix
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Ag/o vs. E for *Ti(nn’ p)
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Covariance data for #*'Ti(nn’ p) with “Ti(n,n’ p).

Figure B-18: 4'Ti(n,np)#6Sc Covariance Matrix
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No current covariance data exists for this reaction. The covariance data for the sep- |
arate titanium reaction can be combined (assuming no cross correlation in the reac-
tions cross section evaluations) to obtain a N3Ti(n,X)*6Sc covariance matrix. This
will be done at a later time. The current version of the SNLRML cross section
compendium leaves this covariance matrix empty.

Figure B-19: Ma'Ti(n,X)%Sc Covariance Matrix
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Ag/o vs. E for **Ti(n,p)
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Covariance data for *®Ti(n,p) with *®Ti(n,p).

Figure B-20: 48Ti(n,p)‘"‘Sc Covariance Matrix
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Ao/o vs. E for ‘;l'i(n.n' 2]
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Covariance data for ‘8Ti(n,n’ p) with *Ti(n,n’ p).

Figure B-21: “®Ti(n,np)*’Sc Covariance Matrix
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No current covariance data exists for this reaction. The covariance data for the sep-
arate titanium reaction can be combined (assuming no cross correlation in the reac-
tions cross section evaluations) to obtain a NatTi(n,X)*’Sc covariance matrix. This

will be done at a later time. The current version of the SNLRML cross section
compendium leaves this covariance matrix empty.

Figure B-22: “#'Ti(n,X)*'Sc Covariance Matrix
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Ao/o vs. E for ®Mn(n,y)
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Covariance data for ¥Mn(n,7) with %Mn(n,7)

Figure B-23: 55Mn(n,\()s‘sMn Covariance Matrix
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Ag/o vs. E for ®Mn(n2n)
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Covariance data for ¥Mn(n.2n) with ¥Mn(n2n).

Figure B-24: 55Mn(n,2n)5"Mn Covariance Matrix
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Ag/o vs. E for ®*Fe(n,p)
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Covariance data for 3Fe(n,p) with 34Fe(n,p).

Figure B-25: 5“Fe(n,p)s“Mn Covariance Matrix
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Ag/o vs. E for **Fe(n,p)
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Covariance data for 58Fe(n,p) with 56Fe(n,p).

Figure B-26: 56Fe(n,p)s‘sMn Covariance Matrix
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Ag/o vs. E for ®Fe(n,y)
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Covariance data for %Fe(n,y) with 38re(n,y).

Figure B-27: %Fe(n,y)’’Fe Covariance Matrix
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€0 Ac/o vs. E for **Fe(n,7)
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Covariance data for 58Fe(n,7) with 38Fe(n,7).

Figure B-27a: 58Fe(n,y)nge Covariance Matrix

B-31




. ] . . ‘ J .
No current cross section library includes covariance data on “*'Fe(n,X)dpa. Since
this quantity is generally treated as an exposure parameter, a covariance matrix is

not appropriate. The covariance should relate the exposure parameter to a specific
damage mechanism/measure.

Figure B-28: “'Fe(n,X)dpa Covariance Matrix
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_ Aofo vs. E for **Coln,p)

ENDF/B-VI
Linear Axis:
Rel. Standard
10 4 Deviation (%)
Logarithmic Axis:
Energy (eV)
0 N T T rvrey
108 107 o S $
g
Sy
@
=3
[~
)
g
o

Correlation Matrix

Key: 1.00 -1.00
0.80 -0.80

0.60 -0.60

N 040 RO ~0.40

020 BR854 _0.20

0.00 0.00

Covariance data for %Co(n,p) with %Co(n,p).

Figure B-29: 59Co(n,p)59Fe Covariance Matrix
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Ag/o vs. E for *Co(n,y)

ENDF/B-V
] Li Axis:
20 1 Rel. Standard
. Deviation (%)
10 Logarithmic Axis:
] 1 Energy (eV)
O-mw_ffwm —
107 10° 102 10* 10° o B 8 &
= g
8 4
- @
2 ™
= g
[\
5 g
* )
©
[

Correlation Matrix

Key: 1.00 -1.00
0.80 -0.80
0.80 -0.80
¥ 040 -0.40
NN R0
\ 020  [ORNRR -0.20
0.00 0.00

Covariance data for %Co(n,7) with %Co(n,7).

Figure B-30: 59Co(n,y)‘“’Co Covariance Matrix
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Ag/o vs. E for *Co(n,0)
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Covariance data for ®Co(n,a) with ¥Co(n.a).

Figure B-31: 3°Co(n,0))**Mn Covariance Matrix
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Ag/o vs. E for *Co(n2n)
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Covariance data for 58Co(n2n) with %8Co(n2n).

Figure B-32: 5S‘Co(n,Zn)S"Co Covariance Matrix
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Ag/o vs. E for *Ni(n,p)
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Covariance data for 5®Ni(n,p) with 3Ni(n,p).

Figure B-33: 58Ni(n,p)58Co Covariance Matrix
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Ag/o vs. E for ®*Ni(n2n)
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Covariance data for 3¥Ni(n2n) with 58Ni(n2n).

Figure B-34: 58Ni(n,2n)°'Ni Covariance Matrix
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Ag/s vs. E for ®Ni(n,p)
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Covariance data for ®Ni(n,p) with 8Ni(n,p).

Figure B-35: 60Ni(n,p)‘“’Co Covariance Matrix
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Ag/o vs. E for %*Cu(n,7)
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Covariance data for 83cu(n,y) with %3cu(n,).

Figure B-36: 63'Cu(n,\()“Cu Covariance Matrix
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Ao/o vs. E for *3Cu(n2n)
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Covariance data for 43Cu(n,2n) with %cu(n.2n).

Figure B-37: 63Cu(n,2n)62Cu Covariance Matrix
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Ag/o vs. E for %¥Cu(n.o)
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Covariance data for 83Cu(n,a) with $3cCu(n.a).

Figure B-38: 63Cu(n,on)“Co Covariance Matrix

B-42



Ag/o vs. E for **Cu(n2n)
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Covariance data for 83Cu(n2n) with 85Cu(n2n).

Figure B-39: 65Cu(n,2n)6"Cu Covariance Matrix
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Ao/o vs. E for **Zn(n,p)
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Covariance data for 84Zn(n,p) with 84Zn(n,p).

Figure B-40: 64Zn(n,p)“Cu Covariance Matrix
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Ag/o vs. E for WZr(n2n)
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Covariance data for #Zr{n.2n) with *Zr(n2n).

Figure B-41: 9“Zr(n,Zn)”Zr Covariance Matrix
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No current cross section library includes covariance data all of the important dis-
placement reactions on N®Ga and N3'As. When the data becomes available, an

attempt will be made to propagate the covariance information through the displace-
ment damage function. [

Figure B-42: GaAs(n,X)1MeV Covariance Matrix
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Ao/o vs. E for Y*Nb(n,7)
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Covariance data for 3Nb(n,7) with ®3Nb(n,y).

Figure B-43: 93Nb(n,\()s"'Nb Covariance Matrix
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Ag/o vs. E for ¥*Nb{n2n)
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Covariance data for *3Nb(n2n) with *Nbn2n).

Figure B-44: *>Nb(n,2n)**™Nb Covariance Matrix
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Ag/o vs. E for Y*Nb(n,n' 1)
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Covariance data for ®*Nb(n,n’ 1) with ®*Nb(n,n’ 1).

Figure B-45: »Nb(n,n’)>™Nb Covariance Matrix
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No current cross section library includes covariance data on 98Mo(n,y)ggMo. When

the data becomes available, an attempt will be made to provide the covariance infor-
mation in the SNLRML cross section library.

Figure B-46: Mo(n,) Mo Covariance Matrix
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Ag/o vs. E for "Y*Rh(n,n' 1)
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Covariance data for '°3Rh(n,n’ 1) with '%3Rh(n.n’ 1).

Figure B-47: 1%Rh(n,n’)!%3™Rh Covariance Matrix
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No current cross section library includes covariance data on 109Ag(n,\()ll Ag.
When the data becomes available, an attempt will be made to provide the covari-
ance information in the SNLRML cross section library.

Figure B-48: 'V Ag(n,y)!'"™Ag Covariance Matrix
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No current cross section library includes covariance data on any of the important
absorption reactions on cadmium. When data becomes available, it will be included

in the SNLRML library.
Figure B-49: “?'Cd(n,abs) Covariance Matrix
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Ag/o vs. E for " In(n,y)
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Covariance data for *®In(n,7) with **In(n,7).

Figure B-50: '5In(n,y)1®™In Covariance Matrix
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Ao/o vs. E for "In(n,n’' 1)
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Covariance data for '®In(n,n' 1) with "SIn(n,n’ 1).

Figure B-51: 3In(n,n")1>™In Covariance Matrix
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Ag/o vs. E for *¥7I(n2n)
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Covariance data for '¥I(n.2n) with ¥I(n2n).

Figure B-52: 127I(n,2n)126l Covariance Matrix
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No current cross section library includes covariance data on 197 Au(n,p)197Ppt.
When the data becomes available, an attempt will be made to provide the covari-
ance information in the SNLRML cross section library.

Figure B-53: 1wAu(n,p)th Covariance Matrix
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Ao/o vs. E for " Au(n,y)
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Covariance data for '¥7Au(n,7) with ¥7Au(n.y).

Figure B-54: 197Au(n,y)ls’sA‘u Covariance Matrix
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Ag/o vs. E for YAu(n2n)
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Covariance data for !97Au(n2n) with '*Au(n,2n).

Figure B-55: 197Au(n,2n)196Au Covariance Matrix
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No current cross section library includes covariance data on ! 7Au(n,3n) SAu.
When the data becomes available, an attempt will be made to provide the covari-
ance information in the SNLRML cross section library.

Figure B-56: 'Au(n,3n)>>Au Covariance Matrix
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No current cross section library includes covariance data on all of the absorption
reactions on gold. When data becomes available, it will be included in the SNL-
RML library. Since the (n,y) reaction is usually the dominant absorption process,
the covariance data for this reaction should be used in most applications. The cova-
riance matrix for the NatAu(n,abs) cover cross section in the SNLRML library is
deliberately left blank and NOT set to the 197Au(n,y)wsAu covariance matrix
(available as reaction 54) to avoid misuse of the data for high energy neutron spectra
that do not have a significant thermal component (such as DT and DD reactions).

Figure B-57: NatAu(n,:;bs) Covariance Matrix
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No covariance data exists in any cross section library for the Th(n,2n) Th

reaction. If data becomes available, the SNLRML library will be updated.

Figure B-59: “ Th(,2n) Th Covariance Matrix
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20 Ag/o vs. E for ““Th(n.f)
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Covariance data for 23Th(nf) with 232Th(n.f).

Figure B-60: 232Th(n,f)FP Covariance Matrix
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Ag/o vs. E for ¥*U(n,f)
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Covariance data for 23¥U(n.f) with 23U(nf).

Figure B-61: 235U(n,f)FP Covariance Matrix
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Aog/o vs. E for ¥*8U(n,f)
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Covariance data for 228U(n,f) with Z3¥U(n,).

Figure B-62: 238U(n,f)FP Covariance Matrix
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Ag/o vs. E for “"Np(nf)
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Covariance data for 2¥Np(n.,f) with 5"Np(n.f).

Figure B-63: 237Np(n,f)FP Covariance Matrix

B-68



Ag/o vs. E for “*Pu(n,f)
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Covariance data for 23Pu(n,f) with 2®Pu(n,f).

Figure B-64: 239Pu(n,f)FP Covariance Matrix
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Ag/o vs. E for “'Am(n,f)
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Covariance data for #'Am(n,f) with #'Am(n.f).

Figure B-65: 241Am(n,f)FP Covariance Matrix
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Covariance data was presented in this document for 235U(n f)FP reaction. Since it
is the major respondmg reaction in this sensor it should be used for all uncertainty
processing. The 3 U(n f)FP covariance matrix appears in the SNLRML library for
this sensor.

Figure B-66: RML Enriched Uranium Fission Covari-
ance Matrix
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Covariance data was presented in this document for 535U(n,f)FP reaction. Since it
is the major responding reaction in this sensor (if it is used correctly) it should be
used for all uncertainty processing. The 238U(n,f)FP covariance matrix appears in
the SNLRML library for this sensor.

Figure B-67: RML Depleted Uranium Fission Foil Co-
variance Matrix
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Covariance data was presented in this document for “°*Pu(n,f)FP reaction. Since it
is the major responding reaction in this sensor it should be used for all uncertainty

processing. The 239Pu(n,f)FP covariance matrix appears in the SNLRML library
for this sensor.

Figure B-68: RML Plutonium Fission Foil Covariance
Matrix
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Covariance data was presented in this document for 2S(n,p) P reaction. This sen-

sor is identical in shape to the 32S(n,p)32P sensor and varies only in a normalization
that is attributable to the counting calibration methodology.

Figure B-69: °%S-3MeV Covariance Matrix
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APPENDIX C
SNLRML Dosimetry Reaction Constants
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Table C-1
SNLRML Dosimetry Reaction Constants

1. | 1%B(n,abs) 10.81 19.9 +12050.8 ~
2. | 19B(n,*He)X 10.81 199 +12050.8 - - -
3. | !'B(n,abs) 10.81 80.1 +8668.0 — - —
4. | Na'B(n,abs) 10.81 - - — — —
5. | conchedp C(n,abs) 10.46835 - - -
6. | SLi(n,*He) 6.941 7.5 +14085.6 - - -
7. | F(n,2n)'8F 18.998403 100.0 -1487.40 1.8295hr || <Eg,>=249.8 100.0
8. | ZNa(n,y)*Na 22.98977 100.0 -8419.5 0.62356 d 1368.633 99.9936
2754.030 99.855
9. | 2Mg(n,p)*Na 24.305 78.99 -13933.1 0.62356 d 1368.633 99.9936
2754.030 99.855
10. | ZAl(n,p)*'Mg 26.98154 100.0 -17196.8 9.462m 843.76 71.8
1014.44 280
11. | Z7Al(n,0)*#Na 26.98154 100.0 -17196.8 0.62356 d 1368.633 99.9936
2754.030 99.855
12. | Nalgi(n X)IMEV 28.0855 100.0 — —— — —
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Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

R

13. 30.97376 100.0 -24440.7 1573 m 1266.15 0.07
<Eg>=595.6 99.93
14, 32.06 95.02 -26016.18 14.26 d <Eg>=694.9 100.
15. 44.9559 100.0 -41069.9 83.79d 889.277 99.9844
1120.545 99.9874
16 47.88 8.0 -44125.7 83794 ||  889.277 99.9844
1120545 | 99.9874
17. | *'Ti(n,p)*’'sc 47.88 7.3 -44931.9 3.345d 159.381 67.9
18. | *"Ti(n,np)*SSc 47.88 7.3 -44931.9 83.79d 889.277 99.9844
J 1120545 99.9874
19. | NatTy(n, x)%sc 47.88 100.0 - 83.79d 889.277 tbd
1120.545 thd
20. | “8Ti(n,p)*¥sc 47.88 73.8 -48487.1 43.67h 983.524 100.0
1037.522 975
1312.102 100.0
21. | *®Ti(n,np)*’Sc 47.88 73.8 -48487.1 3.345d 159.381 67.9
22. | Natryp X)*'sc 47.88 100.0 - 3.345d 159.381 tbd




-0

Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

23. | Mn(n,y)**Mn 54.93805 100.0 -57709.2 2.5785 hr 846.754 98.87
1810.72 27.18925
2113.05 1433615
24. | *Mn(n,2n)**Mn 54.93805 100.0 -57709.2 31234 834.843 99.9758
25. | >*Fe(n,p)’*Mn 55.847 5.9 -56250.8 312.3d 834.843 99.9758
26. | “Fe(n,p)’Mn 55.847 91.72 -60604.1 2.5785 hr 846.754 98.87
1810.72 27.18925
2113.05 1433615
27. | 5%Fe(n,y)*°Fe 55.847 0.28 -62152.2 44496 d 1099.251 565
1291.596 432
1481.7 0.059
28. | "'Fe(n,X)dpa 55.847 - — - - -
29. | >Co(n,p)* Fe 58.93320 100.0 -62226.5 44.496 d 1099.251 56.5
1291.596 432
1481.7 0.059
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Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

30. 58.93320 100.0 -62226.5 19255d 1173.238 99.857
1332.502 99.983
1047 m 58.603 201
(meta) 826.28 0.00768
1332.501 0.24
2158.77 0.00072
31. | °Co(n,a)**Mn 58.93320 100.0 -62226.5 25785h 846.754 98.87
1810.72 27.18925
2113.05 1433615
32. | *Co(n,20)*2Co 58.93320 100.0 -62226.5 70.86d 810.775 99.45
863.959 0.69
1674.730 0.519
9.15 h (meta) 24.889 0.0369
33. | %8Ni(n,p)°Co 58.6934 68.077 -60225.1 70.86d 810.775 99.45
863.959 0.69
1674.730 0.519
9.15 h (meta) 24.889 0.0369
34. | %®Ni(n,2n)*'Ni 58.6934 68.077 -60225.1 35.65h 1377.63 81.7
1919.52 12.255
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Table C-1 (Continued)

SNLRML Dosimetry Reaction Constants

58.6934 26223 -64470.7 1925.5d 1173.238 99.857
1332.502 99.983

1047 m 58.603 201

(meta) 826.28 0.00768

1332.501 024

2158.77 0.00072

36. | %Cu(n,y)®Cu 63.546 69.17 -65578.7 12.701 h 1345.77 0.47336
37. | $3Cu(n,2n)%%Cu 63.546 69.17 -65578.7 9.74m 1173.02 0.335
875.11 0.147

38. | %3Cu(n,a)®Co 63.546 69.17 -65578.7 19255 1173.238 99.857
1332.502 90,983

1047 m 58.603 2.01

(meta) 82633 0.0058

1332.501 025

2158.86 0.00088

39. | $Cu(n,2n)%*Cu 63.546 30.83 -67261.0 12.701 h 1345.77 0.47336
40. | %4Zn(n,p)®Cu 65.39 48.6 -66001.7 12.701 h 1345.77 0.47336
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Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

41, | 9Z(0,2092r T 88769.7 78.41h 909.14 99.871
1712.8 0.763014
1744.47 0.128833

418m 1507.3 6.075

(meta)

42. | GaAs(n,X)1MeV 144.64459
43. | BNb(n,y)**™Nb 92.90638 100 -87209.8 6.26m 702.645 0.00315
871.119 0.50

992.75 0.00075

1863.84 6.6x10°

44. | ®Nb(n,2n)"*™Nb 92.90638 100.0 -87209.8 10.15d 934.44 99.07
912.6 1.78326

1847.33 0.852
45. | SNb(n,n’)>"Nb 92.90638 100.0 -87209.8 5.89x10°d 30.77 0.000549
1652 (Kq1,2) 9.25

46. | Mo(n,y)*Mo 95.94 24.13 -88113.2 65.94 h 739.58 12.13
778. || 434254

47. | 10Rh(n,n’)!®™Rh || 102.90550 100.0 -88027.0 56.12m 39, 0.0684
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Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

11648

48. | Wagmy)Omag || 107.8682 -88720. 249.76d 0.00799
884.684 72.7

937.493 34.1314

1384.300 24.1204

1505.040 12.9532

1475.788 3.96868

49. | "'Cd(n,abs) 112.411 —
50. | 31n(n,y)!16mpy 114.82 95.7 -89534.0 5441m 1293.54 84.4
10973 56.2104

818.7 11.4784

2112.1 15.5296

51. | BIn(n,n’)! 1500 114.82 95.7 -89534.0 4.486h 336.241 459
497370 0.047

52. | 1271(n,2n)1201 126.90447 100.0 -88984.0 13.02d 753.819 41514
388.633 33.99

666.331 33.00

53. | Y¥7Au(n,p)!""Pt 196.96654 | 100.0 -31165.0 183h 268.78 0.2331
191.437 3.7

9541m -

(meta)
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Table C-1 (Continued)
SNLRML Dosimetry Reacti

=

RO

on Constants

s4. | ¥97Au(n,y)?8Au 196.96654 100.0 -31165.0 2.6943 d 1087.6904 0.159045
675.8874 0.8038278
411.8044 95.57
55. | ¥7Au(n,2n)?%Au 196.96654 100.0 -31165.0 6.183 d 1091.4 0.14877
1005.7 0.002697
355.68 87.
56. | 197Au(n,3n)1%°Au 196.96654 100.0 -31165.0 186.09 d 211.36 0.0109
199.46 0.008611
129.757 0.8175
57. | NatAu(n,abs) 196.96654
58. | 22Th(n,y)>>Th 232.0381 100.0 35444.4 223m 890.1 0.14
490.80 0.17
499.02 021
669.901 0.68
764.4 0.120
59. | Z2Th(n,20)>!Th 232.0381 100.0 35444.4 25.52h 311.00 0.0029
217.94 0.040
102.270 0.41
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Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

(00> Zr 232.0381 100.0 35444.4 - - 5.67313 (RC)
3.84804E-3 (RI)

B27Th(n,f)*Mo 2.95528 (RC)
1.09001E-4 (RI)

232Th(n,f)!40Ba 787647 (RC)
4.82795E-2 (RI)

232Tn(n,f)l41Ce 7.48275 (RC)
2.4400E-7 (RI)

27h(n,f)!40La 7.87649 (RC)
2.71003E-5 (RL)

61. | ZUmf™zr 238.0289 0.720 40915.5 6.42554 (RC)
2.93502E-2 (RI)

B5y(n,H*Mo 5.91653 (RC)
2.18602E-3 (RI)

B5Y(n,£)!40Ba 5.98741 (RC)
4.72071E-1 (RI)

B5y(n,f)l*1Ce 5.94622 (RC)
3.16002E-5 (RI)

B5U(n,H*0La 5.98872 (RC)

1.31401E-3 (RI)




11-D

280,65 Zr
238U(n,t)”Mo
238y(n,f)1*Ba
238y(n,£)!41Ce
2381y, £140L

| ootz

2TNp(n,5"Mo
2TNp(n,f)*0Ba
23TNp(n,H41Ce
23TNp(n,£)*La

238.0289

237.

Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

99.2745

47306.0

| 448683

5.15126 (RC)
7.88021E-4 (RI)

6.18839 (RC)
2.39006E-5 (RI)
5.84596 (RC)
2.57317E-2 (R)
5.37935 (RC)
4.51012E-8 (RI)
5.84597 (RC)
1.38004E-5 (RI)

5.68896 (RC)
6.1647E-2 (RI)
6.11547 (RC)
6.54700E-3 (RI)
5.47246 (RC)
5.83709E-1 (RI)
5.47689 (RC)
8.6300E-5 (RI)
5.47688 (RC)
4.4210E-5 (RI)
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Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

u(n,f) -~ . R
7.94561E-2 (RI)

239py(n,f)Mo 5.95472 (RC)
1.6212E-2 (RI)

239pu(n,f)140Ba 5.31538 (RC)
9.4334E-1 (RI)

29py(n,Hl4ce 5.15886 (RC)
2.71004E-4 (RI)

239py(n,f*La 532713 (RC)
1.17572E-2 (RI)

65. | 21 Am(n,n>zr 243. 52931.2 - - 3.75501 (RC)
1.04484E-1 (RI)

241 Am(n,f)™Mo 5.40483 (RC)
1.98844E-2 (RI)

24 Am(n,f)!°Ba 4.99172 (RC)

1.10761 (RI)

24 Am(n,HlCe 4.75360 (RC)
7.28014E-4 (RI)

24 Am(n,f)10La 5.01242 (RC)

2.07034E-2 (RI)
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66.

SNLRML Dosimetry Reaction Constants

Table C-1 (Continued)

RML 2°U(n,f)1*0Ba — 5.98624 (RC)
(SPR3CAV18, B,C) 0.468384 (RI)
RML 25U(n,f)!*0Ba 5.98383 (RC)
(ACF9, B,C 0.471534 (RI)
RML 25U(n,Ht 5.98754 (RC)
(SPR3CAV18, B,C) 1.30327E-3 (RI)
RML 35U(n,£)!*La 5.98514 (RC)
(ACF9, B4C) 1.31248E-3 (RI)
RML Z8U(n,H!%°Ba || 238.0445 5.84729 (RC)
(SPR3CAV18, B,C) 3.2321E-2 (RI)
RML 28U(n,f)!1*0Ba 5.84548 (RC)
(ACF9, B,C 2.66776E-2 (RI)
RML Z8y(n,fH! 5.84732 (RC)
(SPR3CAV18, B,C) 3.3002E-5 (RI)
RML 28U(n,£)!*0La 5.845496 (RC)
(ACF9, B,C) 1.6564E-5 (RI)
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Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

68. | RML?%Pu(n,f)!*Ba | 238.688 5.29852 (RC)
(SPR3CAV1S, ByC) 9.21266E-1 (RI)
RML 2%Pu(n,)14"Ba 5.29617 (RC)
(ACF9, B,C) 9.15152E-1 (RI)
RML 2°Pu(n,f)1*%La 5.29877 (RC)
(SPR3CAV18, B,C) 1.11687E-2 (RL)
RML 239Pu(n,t)1“A°u 5.30728 (RC)
(ACF9, B,C) 1.11167E-2 (RI)
69. | 3%S(n,X)3MeV 32.06 95.02 -26016.18 14.26 d <Eg>=694.9 100.
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Table D-1
Sensor Response Region for SPR-III Central Cavity
(SPR3CAV18 Spectrum)

10B(,a)X 1.212E-24 " 2900E+00 | 7.098E-25 5000E02 | 3.700E+00
6Li(n,0)X 7.846E-25 3.600E-08 | 4.200E+00 6.116E-25 1.000E-01 | 4.500E+00
19F(n,20)18F 4.118E-34 1.190E+01 | 1.730E+01 4.017E-34 1.190E+01 | 1.730E+01
2Na(n,y)**Na 6.360E-33 4.250E-08 | 2.600E+00 4.877E-33 5.250E-02 | 2.900E+00
24Mg(n,p)2*Na 9.727E-33 6.500E+00 | 1.160E+01 9.386E-33 6.500E+00 | 1.160E+01
27 Al(n,p)*'Mg 2.517E-30 3.500E+00 | 9.100E+00 2.416E-30 3.500E+00 | 9.200E+00
27 Al(n,0)**Na 4.486E-33 6.400E+00 | 1.200E+01 4.332E-33 6.400E+00 | 1.200E+01
285i(n,1IMeV)X 8.193E-01 2.000E-01 | 5.200E+00 7.707E-01 2.100E-01 | 5.300E+00
31p(n,p)*1si 1.080E-30 2200E+00 | 7.100E+00 1.034E-30 2200E+00 | 7.200E+00
325(n,p)>%P 1.862E-32 2.300E+00 | 7.200E+00 1.781E-32 2300E+00 | 7.300E+00
435c(n,y)*0Sc 1.284E-33 2.100E-08 | 1.300E+00 8.683E-34 3.800E-02 | 1.500E+00
46Ti(n,p)*%sc 5.144E-34 3.800E+00 | 9.300E+00 4.937E-34 3.800E+00 | 9.300E+00
4TTi(n,p)*Sc 2.258E-32 1.700E+00 | 7.S00E+00 2.161E-32 1.700E+00 | 7.500E+00
47Ti(n,np)*6S 4.912E-37 1.150E+01 | 1.770E+01 4.795E-37 1.150E+01 | 1.780E+01




£-d

Table D-1 (Continued)
Sensor Response Region for SPR-III Central Cavity

(SPR3CAV18 Spectrum)

natTi(n, X)*Sc 5.147E-34 3.800E+00 | 9.300E+00 4.940E-34 3.800E+00 | $.300E+00
4®Ti(n,p)*3sc 6.029E-34 5.900E+00 | 1.230E+01 5.818E-34 5.900E+00 | 1.230E+01
“*Ti(n,0p)*'Sc 2.090E-36 1.230E+01 | 1.840E+01 2.041E-36 1.230E+01 | 1.840E+01
124 5(n,X)*'Sc 2.261E-32 1.700E+00 | 7.500E+00 2.163E-32 1.700E+00 | 7.500E+00
35Mn(n,y)**Mn 5.416E-31 2.300E-08 | 1.800E+00 3.137E-31 3.000E-02 ' 2.400E+00
35Mn(p,20)**Mn 3.003E-36 1.100E+01 | 1.600E+01 2.926E-36 1.100E+01 | 1.600E+01
S4Fe(n,p)°>*Mn 1.068E-33 2.300E+00 | 7.400E+00 1.022E-33 2.300E+00 | 7.400E+00
56Fe(n,p)°**Mn 4.014E-32 5.500E+00 | 1.120E+01 3.867E-32 5.500E+00 | 1.120E+01
38Fe(n,y)*°Fe 7.347E-34 3.600E-04 | 2.300E+00 6.028E-34 4250E-02 | 2.400E+00
Fe(n,X)dpa 5.880E-22 2400E-01 | 6.000E+00 5.562E-22 2700E-01 | 6.000E+00
SCo(n,p)*°Fe 1.328E-34 3.500E+00 | 9.500E+00 1.274E-34 3.500E+00 | 9.500E+00
Co(n,y)*°Co 6.549E-35 1.800E-08 | 1.400E+00 2.721E-35 5.500E-02 | 2.300E+00
3Co(n,a)**Mn 5.728E-33 5.700E+00 | 1.200E+01 5.526E-33 5.700E+00 | 1.210E+01 |
3Co(n,2n)*8Co 1.148E-35 1.130E+01 | 1.620E+01 1.118E-35 1.130E+01 | 1.620E+01
>8Ni(n,p)*%Co 6.233E-33 2.000E+00 | 7.400E+00 5.965E-33 2.000E+00 | 7.400E+00




Table D-1 (Continued)
Sensor Response Region for SPR-III Central Cavity

vr-d

(SPR3CAV18 Spectrum)
(MeV - (MeV)

38Ni(n,2n)>°Ni 1.070E-35 1.310E+01 | 1.800E+01 1.045E-35 1.310E+01

60Ni(n,p)*®®Co 4.226E-36 4.800E+00 | 1.070E+01 4.068E-36 4.800E+00 | 1.070E+01

63Cu(n,y)%Cu 2.534E-31 4.250E-03 | 2.400E+00 2.122E-31 4.750E-02 | 2.600E+00
63Cu(n,2n)%*Cu 5.697E-32 1.190E+01 | 1.700E+01 5.556E-32 1.190E+01 | 1.710E+01

63Cu(n,0)®Co 1.127E-36 4.600E+00 | 1.090E+01 1.085E-36 4.600E+00 | 1.090E+01
65Cu(n,2n)**Cu 2.524E-33 1.080E+01 | 1.590E+01 2.458E-33 1.080E+01 | 1.590E+01

%4Zn(n,p)**Cu 2.998E-31 2400E+00 | 7.400E+00 2.869E-31 2400E+00 | 7.400E+00

N071(n,20)Zr 1.198E-34 1270E+01 | 1.750E+01 1.170E-34 1270E+01 | 1.750E+01
GaAs(n,1MeV)X 4.233E-21 1.700E-01 | 5.200E+00 3.965E-21 1.800E-01 | 5.300E+00

93Nb(n,y)**Nb 9.256E-29 2.100E-02 | 1.500E+00 7.872E-29 4.000E-02 | 1.600E+00
93Nb(n,2n)">™Nb 1.513E-34 9.900E+00 | 1.460E+01 1.470E-34 9900E+00 | 1.460E+01
93Nb(n,n)*>™Nb 1.0 35-34 7.200E-01 | 5.800E+00 1.050E-34 7.200E-01 | S5.800E+00
98Mo(n,y)*Mo 1.072E-31 4250E-02 | 2.200E+00 9.495E-32 6.900E-02 | 2.300E+00
103Rh(n,n)1%3™Rh 9.283E-29 4500E-01 | 5.600E+00 8.861E-29 4750E-01 | 5.600E+00
109Ag(n,y)110mAg | 3979E-34 . 1.800E+00 2.885E-34 4250E02 | 2.100E+00




s-a

Table D-1 (Continued)

Sensor Response Region for SPR-III Central Cavity

(SPR3CAYV18 Spectrum)

USin(n,y) 16 2.100E+00 3.893E-29 5.750E-02
US1p(n,n)15my 1.000E+00 | 5.900E+00 4.228E-30 1.000E+00 | 5.900E+00
1271(n,2n)1261 9.700E+00 | 1.480E+01 3.697E-34 9.800E+00 | 1.480E+01
197 Au(n,p)!7pt 6.600E+00 | 1.600E+01 6.845E-36 6.700E+00 | 1.600E+01
197 Au(n,y)!%8Au 1.600E+00 3.517E-31 4750E-02 | 1.900E+00
197 Au(n,2n)1%Au 8.800E+00 | 1.380E+01 3.026E-25 8.800E+00 | 1.380E+01
197 Au(n,3n)1%°Au 1.970E+01 3.934E-28 1.630E+01 | 1.970E+01
232Th(n,y)?33Th 2.000E+00 6.073E-29 5.750E-02 | 2.100E+00
232Th(n,20)>Th 7.000E+00 | 1.150E+01 1.625E-24 7000E+00 | 1.150E+01
222T(n,Hfp 1.500E+00 | 7.100E+00 3.833E-26 1500E+00 | 7.100E+00
B5U(n,Hip 4.000E+00 1.145E-24 8.800E-02 | 4.200E+00
238y (n,Hifp 1.500E+00 | 6.600E+00 1.568E-25 1.500E+00 | 6.600E+00
Z3'Np(n,ffp 5.300E+00 8.374E-25 5250E01 | 5.400E+00
B9py(n,ffp 4.200E+00 1.556E-24 1.100E-01 | 4.400E+00
24 Am(n,ffp 5.600E+00 8.067E-25 7.200E-01 | 5.600E+00




9-a

Table D-1 (Continued)

Sensor Response Region for SPR-IIT Central Cavity
(SPR3CAYV18 Spectrum)

RML enrichedyy 1.245E-24 1.275E-02 4.100E+00 1.083E-24 8.800E-02 4.300E+00
RML depletedyy 1.665E-25 1.400E+00 | 6.600E+00 1.588E-25 1.400E+00 | 6.600E+00
RML Pu 1.702E-24 3.000E-07 | 4.300E+00 1.473E-24 1.150E-01 | 4.500E+00




Table D-2
Sensor Response Region for ACRR Central Cavity
(ACF9 Spectrum)

108(n,a)X 4.603E-22 6.300E-09 | 5.250E-06 1.471E-24 8.800E-04 | 2.100E+00
SLi(n,a)X 1.132E-22 6.300E-09 | 6.000E-06 7.114E-25 1.700E-03 | 3.800E+00
19%(n,2n)18F 3.332E-34 1.190E+01 | 1.730E+01 3.250E-34 1.190E+01 | 1.730E+01
2Na(n,y)*Na 8.649E-31 6.600E-09 | 2.400E-03 1.874E-32 1.900E-03 | 8.800E-01
4. fg(n,p)*Na 7.069E-33 6.500E+00 | 1.170E+01 6.824E-33 6.500E+00 | 1.170E+01
2T Al(n,p)*'Mg 1.741E-30 3.400E+00 | 9.400E+00 1.670E-30 3.400E+00 | 9.400E+00
27 Al(n,0)#Na 3.359E-33 6.500E+00 | 1.210E+01 3.245E-33 6.600E+00 | 1.210E+01
25i(n,1MeV)X 6.804E-01 1.900E-01 | 4.800E+00 6.390E-01 2000E-01 | 4.900E+00
31p(n,p)tsi 8.736E-31 2.200E+00 | 7.100E+00 8.355E-31 2200E+00 | 7.100E+00
325(n,p)32P 1.512E-32 2.300E+00 | 7.200E+00 B4CCd 1.446E-32 | 2.300E+00
Sc(n,y)*sc 3.124E-31 6.300E-09 | 5.750E-06 2.351E-33 3.200E-03 | 8.400E-01
46Ti(n,p)*0sc 3.547E-34 3.700E+00 | 9.600E+00 3.403E-34 3.7J00E+00 | 9.600E+00
4MTi(n,p)*’sc 1.850E-32 1.600E+00 | 7.500E+00 1.770E-32 1.600E+00 | 7.500E+00
47Ti(n,np)*0Sc 3.966E-37 1.150E+01 | 1.770E+01 3.871E-37 1.150E+01 | 1.770E+01
na'Ti(n,X)*Sc 3.550E-34 9.600E+00 3.406E-34 3.700E+00 | 9.600E+00

3.700E+00




Table D-2 (Continued)
Sensor Response Region for ACRR Central Cavity
(ACF9 Spectrum)

8-d

48Ti(n,p)*sc 4.304E-34 6.000E+00 | 1.250E+01 4.156E-34 6.000E+00 | 1.250E+01
43Ti(n,np)*"Sc 1.679E-36 1.230E+01 | 1.840E+01 1.64CE-36 1.230E+01 | 1.840E+01
nat i, X)*’Sc 1.852E-32 1.600E+00 | 7.500E+00 1.772E-32 1.600E+00 | 7.500E+00
SMn(n,y)**Mn 1.405E-28 7.200E-09 | 3.600E-04 1.730E-30 3200E-04 | 4.750E-01
55Mn(n,2n)**Mn 2.483E-36 1.100E+01 | 1.600E+01 2.419E-36 1.100E+01 | 1.600E+01
4Fe(n,p)°>*Mn 8.435E-34 2.200E+00 | 7.400E+00 8.069E-34 2200E+00 | 7.400E+00
3%Fe(n,p)*’Mn 2.659E-32 5.500E+00 | 1.160E+01 2.564E-32 5.500E+00 | 1.160E+01
58Fe(n,y)’ Fe 3.187E-32 7.600E-09 | 6.900E-03 1.377E-33 3.400E-04 | 1.600E+00
Fe(n,X)dpa 5.062E-22 1.350E-01 | 5.500E+00 4.743E-22 1.800E-01 | 5.600E+00
3Co(n,p)° Fe 9.346E-35 3.400E+00 | 9.800E+00 8.964E-35 3.400E+00 | 9.800E+00
9Co(m,y)®Co 2.662E-32 8.400E-09 | 1.350E-04 7.784E-35 1.275E-04 | 1.200E+00
59Co(n,a)’*Mn 4.103E-33 5.800E+00 | 1.220E+01 3.961E-33 5.800E+00 | 1.220E+01
39Co(n,2n)°%Co 9.451E-36 1.130E+01 | 1.620E+01 9.208E-36 1.130E+01 | 1.620E+01
58Ni(n,p)°%Co 4.990E-33 1.900E+00 | 7.400E+00 4.773E-33 1.900E+00 | 7.400E+00
58Ni(n,2n)>Ni 8.543E-36 1310E+01 | 1.800E+01 8.344E-36 1.310E+01 | 1.800E+01
ONi(n,p)*Co 2.806E-36 4700E+00 | 1.100E+01 2.702E-36 4.700E+00 | 1.100E+01




6-d

Table D-2 (Continued)
Sensor Response Region for ACRR Central Cavity
(ACF9 Spectrum)

Cu(n,y)*Cu 1.038E-29 7.600E-09 | 5.750E-03 870E-3 . "~ 1.300E+00
63Cu(n,20)*Cu 4.621E-32 1.190E+01 | 1.700E+01 4.506E-32 1.190E+01 | 1.700E+01
63Cu(n,a)®Co 7.620E-37 4.500E+00 | 1.120E+01 7.337E-37 4.500E+00 | 1.120E+01
65Cu(n,2n)**Cu 2.094E-33 1.080E+01 | 1.580E+01 2.039E-33 1.080E+01 | 1.580E+01
%4Zn(n,p)**Cu 2.401E-31 2.400E+00 | 7.400E+00 2.296E-31 2.400E+00 | 7.400E+00
90Zr(n,20)*Zr 9.601E-35 1.270E+01 | 1.750E+0L 9.371E-35 1.270E+01 | 1.750E+01
GaAs(n,1MeV)X 3.679E-21 6.300E-02 | 4.700E+00 3.357E-21 1.100E-01 | 4.800E+00
3Nb(n,y)**Nb 1.054E-27 2.000E-08 | 1.275E-01 2.131E-28 1.000E-03 | 8.800E-01
BNb(n,2n)’*"Nb 1.275E-34 9.900E+00 | 1.450E+01 1.239E-34 9.900E+00 | 1.450E+01
93Nb(n,n)>™Nb 9.503E-35 7.600E-01 | 5.300E+00 9.089E-35 8.000E-01 | 5.300E+00
98Mo(n,y)°Mo 9.239E-31 1.000E-05 | 4.000E-01 1.678E-31 4500E-04 | 1.700E+00
103Rh(n,n)!93™Rh 7.911E-29 4750E-01 | 5.100E+00 7.555E-29 5.000E-01 | 5.100E+00
109 5(n,y)!10mAg 1.416E-31 3.800E-08 | 6.600E-06 6.522E-34 8.000E-04 | 1.200E+00
e 3.822E-26 3.600E-08 | 1.800E-06 6.563E-29 1.275E-03 | 1.900E+CO
1151y(n,n) 1 5% 3.866E-30 1.000E+00 | 5.400E+00 3.701E-30 1.000E+00 | 5.400E+00

1271(n,20) 25 3.202E-34 9.700E+00 | 1.470E+01 3.112E-34 9.700E+00 | 1.470E+01

e




or-a

Table D-2 (Continued)
Sensor Response Region for ACRR Central Cavity
(ACF9 Spectrum)

Au(n,p)'%’ 5523E-36 | 6.800E+00 | 1.600E+01 5.355E-36 6.800E+00 | 1.610E+01
197 Au(n,y) B Au 2.657E-28 3.800E-08 | 5.500E-06 9.181E-31 5.500E-04 | 1.000E+00
197 Au(n,2n) 1 %0Au 2.635E-25 8.800E+00 | 1.370E+01 2.556E-25 8.800E+00 | 1.370E+01
197 Au(n,3n)! P Au 3.188E-28 1.630E+01 | 1.970E+01 3.125E-28 1.630E+01 | 1.970E+01
B2Th(p,y)>2Th 2.159E-27 2200E-08 | 6.900E-03 1.108E-28 6900E-04 | 1.500E+00
Z2Th(n,20)>1Th 1.313E-24 7.100E+00 | 1.160E+01 1.268E-24 7.100E+00 | 1.160E+01

B2Th(n,ffp 3.456E-26 1.500E+00 | 6.900E+00 3.303E-26 1.500E+00 | 6.900E+00
B5Y(n,Hfp 6.833E-23 6.000E-09 | 8.800E-05 1.417E-24 1.800E-03 | 3.400E+00
B8y (n,Dfp 1.430E-25 1.400E+00 | 6.200E+00 1.365E-25 1.400E+00 | 6.200E+00
ZNp(n,ffp 7.576E-25 5.000E-01 | 4.800E+00 7.161E-25 5.500E-01 | 4.800E+00
BIpy(n,Hfp 1.502E-22 9.600E-09 | 1.100E-05 1.618E-24 3.800E-03 | 3.800E+00
24 Am(n,ffp 1.767E-24 2.100E-08 | 3.900E+00 7.135E-25 7.600E-01 | 5.100E+00
RML earichedyy 6.356E-23 6.000E-09 | 8.800E-05 1.334E-24 1.800E-03 | 3.500E+00
RML depletedyy 2.828E-25 1.000E-08 | 4.900E+00 1.392E-25 1.400E+00 | 6.200E+00
RML Pu 1.326E-22 9.600E-09 | 1.150E-05 1.519E-24 4250E-03 | 3.900E+00




APPENDIX E
Uncertainty in Dosimetry Sensor Cross Sections

E-1



Table E-1

Uncertainty for SNLRML Spectrum-Averaged Dosimetry Sensor Cross Sections

10B(n,a)X 230 % 343 % 3.91% 0.16 % 0.19 % 1.79 %
SLi(n,@)X 1.19 % 1.35% 1.46 % 0.15 % 0.18 % 1.04 %
19p(n,2n)!8F 5.78 % 5.78 % 5.77 % 5.84 % 5.84 % 5.8 %
2Na(n,y)*Na 15.55% 17.40 % 17.70% 2.94 % 6.05% 16.64 %
%Mg(n,p)Na 3.72% 3.72% 3.711% 3.54 % 3.54 % 3.54 %
27 Al(n,p)*’ Mg 10.83 % 10.83 % 10.81 % 12.10 % 12.10 % 1207 %
27 Al(n,)**Na 2.61% 2.61% 2.61% 2.50 % 2.50 % 249 %
285i(n,X)1MeV -
31p(n,p)*lsi 7.03 % 7.03 % 7.03 % 7.10 % 7.10 % 7.10 %
325(n,p)*%pP 1941 % 19.41 % 19.38 % 19.61 % 19.61 % 19.59 %
435c(n,y)*sc 4.20 % 531% 5.29 % 1.05 % 131% 4.12 %
46Ti(n,p)*®sc 4.51% 4.51% 4.50 % 4.87% 4.87 % 4.86 %
47Ti(n,p)*’Sc 6.19 % 6.19 % 6.20 % 5.94 % 5.94 % 594 %
47Ti(n,np)*%Sc 30.00 % 30.00 % 30.00 % 30.00 % 30.00 % 30.00 %
NalT;(n,X)*Sc 451 % 451 % 4.51% 487 %




Table E-1 (Continued)
Uncertainty for SNLRML Spectrum-Averaged Dosimetry Sensor Cross Sections

48Ti(n,p)*8Sc 4.04 % 4.04 % 4.05 % 4.12 % 412% | 412%
“®Ti(n,np)*’Sc 30.00 % 30.00 % 30.00 % 30.00 % 3000% | 30.00%
NatTin,X)*"sc 6.20 % 6.20 % 6.21% 5.94 % 5.94 % 5.95%
55Mn(n,y)*Mn 14.75 % 17.48 % 17.65 % 551% 6.83 % 26.59 %
55Mn(n,2a)**Mn 20.98 % 20.98 % 20.97 % 21.21% 2121 % 21.19%
S4Fe(n,p)°>*Mn 3.05% 3.05% 3.05% 3.11% 3.11% 311%
56Fe(n,p)°°Mn 429 % 4.29% 4.29% 4.08% 4.08% 4.08%
58Fe(n,y)° Fe 29.21% 29.92 % 30.89 % 9.44 % 10.56 % 23.64%
Natge(n,X)dpa - - - — - S

59Co(n,p)*Fe 4.96 % 4.96 % 4.96 % 5.02 % 52% | 503%
39Co(n,y)*°Co 2.80 % 3.59 % 534 % 0.76 % 0.79 % 297 %
| 59Co(m,a)"Mn 4.46 % 4.46 % 4.46 % 4.44 % 4.44% 4.45%
59Co(n,20)*8Co 4.60 % 4.60 % 4.60 % 4.67% 4.68 % 4.67%
58Ni(n,p)*8Co 4.49 % 4.49 % 4.49 % 4.56 % 4.56 % 4.56 %
418 % 4.18 % 4.18 % 418 % 4.18 %
15.02% 1501 % 1503 % 1503 % 1501 %




L |

Table E-1 (Continued)

Uncertainty for SNLRML Spectrum-Averaged Dosimetry Sensor Cross Sections

Cu(n,y)™Cu 1506% | 1541% | 1551% 5.34 % 6.75 % 1257 %
63Cu(n,2n)%*Cu 3.63% 3.63% 3.63 % 3.67% 3.67% 3.67%
63Cu(n,a)®Co 4.08 % 4.08% 4.08 % 4.16 % 4.16 % 4.16 %
65Cu(n,2n)%*Cu 3.97% 3.97% 3.96 % 3.99 % 3.98 % 3.98 %
%4Zn(n,p)**Cu 7.41 % 741 % 7.41 % 7.07 % 7.07% 7.07 %
9071(n,20)¥Zr 2.72 % 2.72% 22 % 2.74 % 2.74 % 2.74 %
GaAs(n,X)1MeV - —
93Nb(n,y)**Nb 1259 % 12.60 % 12.83 % 10.20 % 10.25 % 1091 %

93Nb(n,2n)"2™Nb 10.00 % 10.00 % 9.98 % 10.07 % 10.07 % 10.05 %
BNb(n,n’)’>™Nb 722 % 123 % 7.23 % 6.96 % 6.96 % 6.97 %

98Mo(n,y)99Mo ———- ——a- ———- ——-- ceee a——
103Rh(n,n’)1%™Rh 4.9 % 4.99 % 4.93 % 4.85% 4.85% 4.80 %

1094 g(n,y)110mAg — — — — —— —
151n(n,y) 162 m 6.15 % 6.17 % 6.11 % 6.01 % 6.01 % 8.55 %
WSn(n,n’) 50 2.60 % 2.60 % 2.60 % 2.57% 2.57% 2.57%
20.44 % 20.45 % 2038 % 20.38 % 2039 %

20.45 %
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Uncertainty for SNLRML Spectrum-Averaged Dosimetry Sensor Cross Sections

Table E-1 (Continued)

197 Au(n,p) 9Pt .
197 Au(n,y)1%8Au 0.84 % 0.89 % 1.05 % 0.17 % 0.18 % 0.78 %
197 Au(n,2n)!%CAu 6.65 % 6.65 % 6.65 % 6.68 % 6.68 % 6.67 %
197Au(n,3n)195Au -—-- ——ee - - —oee e
B27h(n,y)*2Th 12.90 % 12.95 % 13.16 % 1021 % 11.15 % 12.19 %
B2Th(n,2n)>Th - - -
B2Th(n,HFP. 721% 721 % 7.2 % 7.08 % 7.08% 7.08 %
B5U(n,fFP. 0.44 % 0.46 % 0.46 % 0.22 % 0.34 % 0.44 %
238y)(n,HFP. 0.64 % 0.64 % 0.64 % 0.33 % 0.54 % 0.63 %
ZNp(n,HFP. 10.31 % 10.32% 10.31% 11.79 % 10.97 % 10.28 %
B%u(n,f)FP. 2.82 % 297 % 2.96 % 1.39% 3.61% 3.2 %
AAm(n,HFP. 2.81 % 2.81% 2.81 % 2482 % 2.65% 2.84 %
RML Enrichedyy 0.44 % 0.46 % 0.46 % 0.22 % 0.34 % 0.44 %
RML Depletedyy 0.64 % 0.64 % 0.64 % 033 % 0.54 % 0.63 %
RML Pu 2.79% 2.93 % 2.82% 1.40 % 3.63% 3.64%
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