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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
consistentdosimetry-orientedcross sections from all availableevaluations. The contents
of the library include all dosimetry sensors (activation reactions, threshold reactions,
fission reactions, and special damagesensors) that are in general use by the dosimetry
community for the characterizationof fission neutron spectra. The cross section
compendiumhasbeen interfacedwithspectrumdeterminationcodes andfoundto produce
consistent spectrum "unfolds" with more sensors than were possible with previous
libraries. The SNLRML library is being made available to the general dosimetry
communityin orderto encouragetheuse of a consistentcross section libraryfor spectrum
determination. The authors plan on updating the library as part of the RML quality
assuranceprogram.Thisdocumentprovidespartof theQA audittrailfor the selectionand
choice of sensorresponsefunctionsthatareused inthe spectrumdeterminationof the SNL
reactorfacilities.
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Nomenclature

Spectrum Descriptors

Ao/o cross section standarddeviation, typically expressedas a percentage.

_(E) differentialnumberdistributionof thefluence. Typicalunitsaren/(cm2.MeV).

d_ neutronfluence. Typicalunitsaren/cm2.

o(E) microscopicneutroncross section. Typicalunits areb.

<o>x spectrumaveragedcross section, where theneutronspectrumdenotedby "x" is
used as a weighting function.

Nuclear Particle and State Identification

ct an alpha particle, 2He4.

[3 a beta particleor electron.

13+ a positron,a particlewith the samemass as an electronanda positive electrical
charge.

d a deuteron,1H2.

y a photon.

t a triton,1H3.

decay constant,_.= ln(2)/Zl/2.

1:1/2 isotope half-life, he time lapseduringwhich a radioactivespecies decays to one
half its initial numberof atoms.

aamx a metastablestate of aax.

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

zzXaa the element "X" with atomic mass, or M, "aa" and atomicnumber, or Z, "zz".

Reaction Designators

(n,abs) an absorption process wherean a neutronis incidenton a target nucleus,butno
neutronis presentin the exit channel.

(n,f) a fission reaction.

(n,n') aninelasticscatteringprocesswherea neutronis incidenton a targetnucleusand
scattersleaving thetargetnucleus in anexcited nuclearstate. The targetnucleus
typicallyreturnsto the groundstateaccompaniedwiththe emission of photon(s).

(n,X) a neutroninducedreactionwherea neutronis incidenton atargetnucleusandany
numberof particlescanappearin theexitchannel(denotedby theX). If aresidual
nucleus is specified, some constraintsare impliedon X.



Miscellaneous Abbreviations

amu atomic mass unit, equals 931501.6 keV.

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

F.P. Fission Product

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

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

RML Radiation Metrology Laboratory
SNL Sandia National Laboratories

SNLRML Sandia National Laboratories' Radiation Metrology Library

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

1. Introduction

Several newcross section librarieshavebeen made availableto the dosimetrycommunity.
These include the ENDF/B-VI [1,2], the InternationalReactorDosimetryFile (IRDF-90)
[3], the Japanese Evaluated Nuclear Data Library(JENDL-3) [4], the USSR Evaluated
Neutron Data Library Ci3ROND)[5], the Joint Evaluated File (JEF-2.2) [6], an updated
ORNL GLUCS [7] evaluation, and the International Libraryof Neutron Activation Cross

:_ Section Data for Fusion Reactor applications (FENDL-2) [8].'Through their use as
activation sensors for determiningneutronspectra and fluence, these new dosimetrycross
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
comparisonof device damage between reactorfacilities, and the comparison of radiation-
hardeningtestenvironments with anticipatedoperatingenvironments.

The Sandia National Laboratories(SNL) Radiation Metrology Laboratory CRML)has
workedwith versions of these cross sections since pre-releasedata were available. These
newcrosssections have been comparedwith each otherand evaluatedwith respectto their
accuracy and consistency for spectrum unfolding applications. A compendium of
dosimetrycross sections was assembled for use within the SNL Radiation Metrology
Laboratory.This library,referredto asthe SNLRMLlibrary [9],was empiricallytestedfor
use in f'_ion spectra determinationandin the fluence andenergy characterizationof 14-
MeV neutronsources [10]. The libraryhas been preparedin a format that can be readily
interfacedwith both iterative spectrumunfoldingcodes, such as SAND-H [11], and least-
squarecodes, such as LSL-M2 [12].

2. Scope of Compendium

The SNLRML library contains a Set of 66 dosimetry sensors (and 3 special dosimeters
uniqueto the RMLsensor inventory)drawnf,,omthemostrecentcrosssection evaluations.
Table 1 summarizes the cross section libraries examined in the preparationof this
compendium. The FENDL-2andCENDLlibrarieshave not been completelyanalyzed at
this time, but will be reflected in futureupdates to the SNLRML library. Cov_.iiance
matricesareincludedto supporttherequirementsof least-squaresunfoldingcodes. Incases
where covariance data were not available for the selected cross section evaluation, an
alternatesource for the covariancedatahas sometimes been used temporarilyto estimate
the data covariancematrix. Table 2 shows the contents of the libraryand indicates the
sourceof the cross sections andcovariancedata. The SNLRMLlibraryhas been tested by



Table 1. Sources of Evaluated Cross Sections

ENDF/B-VI 319 evaluations, June 1990, mod 0
replacedENDF/B-V generalpurposeanddosimetry Sept. 1991, rood 1
tape. rood2 tbd ~ July 1993

IRDF-90 ReplacedIRDF-82, 1990
44 partialevaluationsfor reactordosimetry. 1993 roodtbd

GLUCS ORNLdosimetry set, 1990
14 reactionswith cross isotope correlations,
sourcefor new ENDF/B-VI, 1993
updatecovariancein 1993.

JENDL-3 171 element JapaneseEvaluatedLibrary. 1990

]ENDL-DOS 42 elementJENDL DosimetryLibrary. 1992

JEF-2.2 344 element Joint EvaluatedFile by NEA. 3an.1993

BROND 76 USSR evaluatedcross sections. 1987/1990
mod tbd

CENDL 50 element Chinese EvaluatedNuclearData Library 1992
[57,581.

,,

ENDF/B-V EvaluatedNuclearDataFile by CSEW(3. 1979-81

IRDF-82 40 element InternationalReactorDosimetry File. 1982

ENDL LLNLEvaluatedCrossSections [13]. 1978-84

DOSCROS84 74 element multi-groupcompendiumof ENDF/B-V 1984
andIRDF-82 [14].

PrivateEvalu- Includespre-ENDFevaluations[15], ....
ations partial dosimetry-orientedevaluations [16, 17].

FENDL-2 InternationalLibraryof Neutron Activation Cross 1992
Section Data forFusion ReactorApplications.



Table 2. Contents of SNLRML Ubrary

I,;iii!iiii_ii_ii!iiiiiiiiit!_i_iiii!iiiiiiiiiit_i!ii!!!!!!i:!iii!!i:?iiiiIiiiii!i!i!iti!iiiii?i:iti!!:!tlti:!!i_!ilti!tiSiii_iiltitt=i_it!Nii_i_N_Ni='_'_=:_'_?'='_':_'_:'="'_:'t_=:_=ili _ _!i,?!ii;!_!i:i!i:_i_i®_:=!t_!:Ni_N!ii_._...........................................................................,.....................................................................................................................................................................................................:.....................................__.............................,,................._,......................................._.............................,...........=.................................................::::::::::::::...........................,:,,,_,,,,_
1. 10B(n,abs) ENDF/B-VI ...... Very useful as a cover material to push neutron sensor response

• above thermal region. Uses covariance f_om (n,a) reaction.

2. I°B(n,X)4He ENDF/B-VI ...... Used in LWR PV surveillance material damage studies.
• Uses covariance from (n,a) component.

3. 11B(n,abs) ENDF/B-VI ...... Often mixed with ]°B in cover material.

4. NatB(n,abs) ENDF/B-VI ..... Typical boron cover material is natB(19.9% 10B, 80.1% liB).
• Uses covariance from _oB(n,(x) reaction.

5. en/iChB4C(n,abs) ENDF/B-VI -- ¢ Standard SNL B4C boron ball.
• Uses covariance from l°B(n, ct) reaction.

_,_ 6. 6Li(n,X)4He ENDF/B-VI -- Used in LWR PV surveillance.

• Uses covariance from 6Li(n,t)4He reaction.

7. _9F(n,2n)lSF IRDF-90 • _. m Disagrees with recent ENDF/B-VI evaluation.
Analysis of recommended source is pending.

8_. 23Na(n,y)24Na ENDF/B-VI • ./ -- No recent dosimetry evaluation available. The JENDL-3 cross sec-
tion is under consideration for selection.

9. 24Mg(n,p)2'tNa IRDF-90 • ,/ ¢ ENDFfB-Vi is format translation of ENDF/B-V.

10. _27_,M(n,p)27Mg GLUCS/IRDF-90 • -- ¢ ENDF/B-VI is format translation of ENDF/B-V. Uses updated
GLUCS covariance.

11. 27Al(n,a)24Na IRDF-90 • ¢ ¢ ENDF/B-VI is format translation of ENDF/B-V.

12. NatSi(n,X)IMEV private, ORNL -- ¢ ¢ Expectedto be in ENDF/B-VI release 4, ASTM E-722-93 standard.

13. 31p(n,p)31Si IRDF-90 • _ -- No recent dosimetry evaluation.

14. 32S(n,p)32p GLUCS/IRDF-90 • ¢ -- Incorporates latest ORNL analysis, large std. dev. Uses updated
1993 GLUCS covariance.

I

' -......... _ ::i ....... :i:_.... :! .... _.-'.:_" " .... !:_.-:" '?.--:....... .,'.-_ ". i .... T.-.:-::::.::?:-:-.i:!:."_i.'.-:i:" " _. ' :" :_._!_



Table 2. Contents of SNLRML Ubrary (Continued)

15. 45Sc(n,'_)4°S_ ENDF/B-VI • / -- No recentdosimeWye_al.afion.

16. 46Ti(n,p)4('Sc GLUCS/IRDF-90 • ,/ -- ENDF/B-VIis a formatWaz_slatio_of ENDF/B-V.
Uses updated1993 GLUCS covariancematrix.

17. 47Ti(n,p)47Sc IRDF-90 GLUCS ,/ -- ENDF/B-VI is aformattranslationof ENDF/B-V.
Incoqx)ratcs !atcstMannhartanalysis.
Uses 1993 GLUESupdatedcovariancematrix.

18. 4_Ti(n,np)46Sc ENDF/B-VI • .... No recentdosimetryevaluation.

19. NatTi(ll, X)4_S¢ private ... ,/ / IRDF-90(n,p)andre-normalizedENDF/B-VI(n,np) coiv,pone_t.

20. 4_(n,p)4SSc GLUCS/IRDF-90 GLUCS ,/ / ENDF/B-VI is a fo_rtat_,-is_tion of ENDF/B-V.
IRDF-90covarianceprocessingerror.

¢_ Uses updated1993 GLUCS covadance.

21. 4_l(n;np)47S¢ ENDF/B-VI • _ -- No recent dosimetryevaluation.

22. NatTi(n,X)47Sc private _. / -- IRDF-90(n,p)and re-normalizedENDF/B-VI(n,np).

23. 155Mn(n,¥)56Mn FJ4DF/B-V E6 ,/ _ SpecificallyrejectENDF/B-VI_ce height for ite[a'dveunfolds.

24. 55Mn(,;2n)54Mn ENDF/B-VI • --

25. 54Fe(n,p)54Mn ENDF/B-VI GLUCS / / SameasGLUCSbutw_t_somesmoothingof ,_p6ysicalfea_es.
Covarianceupdatedwith1993GLUCS,ENDF will follow.

26. S6Fe(n,p)56Mn ENDF/B-VI GLUCS ,/ -- SameasGLUCS.
Covariancereplacedby 1993GLUCS,ENDF will follow.

27. 58Fe(n,y)59Fe ENDF/B-VI • ? -- Doesnot fitSNL fast fission data,OK forpool-type reactors.TheJENDL-3crosssection is underconsiderationforselection.

28. N=Fe(n,X_,-p_- ASTM E 693 ...... Used as acommone_t_e function. Ab-|M standardE693-79.

29. 59Co(n,p)59Fe ENDF/B-VI • _ .-- Significantdifferenceswith E5aabove 10 .... V..
=- _.,._ _ ._..-.__.%._.._.:_."_ _- .. .<__ $_::_._'._............ _ _ -._ _$.:., . _- ..



Table 2. Contents of SNLRML Library (Continued)

30. 59Co(,,-de°Co E_:F/B--VZ E5 4 --
3Z. _9Co(._a_M. F_-DF/B-VI • ....
32. 59Co(!1,2n)58Co IRDF-90 • --- --

33. 5SNi(n,p)_8Co ENDF/B-VI GLUCS d' _e Sameas GLUCSwith some smoothing.
Covarianceupdatedwith1993 GLUCS, ENDFwgl follow.

34. 58Ni(n,2n)57Ni ENDF/B-VI • -- ,f

35. e°Ni(n,p)_°Co ENDF/B-VI • .... Significantchange fromENDF/B-V dosimetrytape.

36. _3Cu(n,y)_C.u ENDF/B-VI • -- --

37. 63Cu(n,2n)62Cu IRDF-90 • _ _ Investigationof GLUCS andIRDF-90differencesispending.

t_ 38. 63Cu(n,ct)e°Co ENDF/B-VI GLUCS -- -- SignificantchangefromENDF/B-V dosimelzytape.
Covarianceupdatedwith 1993 GLUCS, ENDFwill follow.
Does not fit SNL fast fission unfolds.

39. _Cu(n,2n)_Cu ENDF/B-VI GLUCS -- ,/ Sameas GLUCSwithsome smoothing.
Covarianceupdatedwith 1993GLUCS,ENDF will follow.

40. 164Zn(n,p)_Cu IRDF-90 • ,/

--41. 9°Zz(n,2n)89Zr IRDF-90 • ,f ,f ENDF/B-VIis formattranslationof ENDF/B-V.

42. GaAs(n,X)IMeV Private ..... PKA-dependentdamageefficiency requiredto matchdevice dam-
agedata. Usedin ASTM standardE-722-93.

43. 93]qb(R,y)94Nb ENDF/B-VI • -= --

44. !93Nb(n,2n)92mNb IRDF-90 • -- ,/ Crosssectionto metastablestatenot in ENDF/B-VL

45. 93Nb(n,n')93mNb IRDF-90 • -- _ Qrosssectionto metastablestatenotin releasedENDF/B-VI,but

ilprivatecommunicationindicatesthatit will be added.
[Analysisof effect of pzivatecommunicationinsteadof IRDF-90is
]pending.



Table 2. Contents of SNLRML Ubrary (Continued)

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::$_-":::'::i:_:_:_$_:!::i¢_:i:_:!:i:i:i:::'.:::.:!:_:!::::::::::::::::::::::::::::::::::::::::::::::::::::_i$::::"',<:::""::_:"":"';::::,_i":_"::i::!!_:`:::_:.:i.`<:_:!:_:::_::!$_::_::_:_`.._.?.i$i_$!:?.i::;i`:_:i.::.`_$j!_$i_:`/.:._!i_.3-:_:_:_-_i!iiii:i_`:.:i:_i_i:i!_<_-_!i_!i_:!_!_i:i!:_$!:i:L_!!!!_:/_-_:_:_;!_i:_:_:::.:_i:!-_:_:'_

46. 9SMo(n,¥)WMo JENDL-3 --- / -- No recent dosimetry-odented evaluation.

47. i°3Rh(n,n')t°3mRh IRDF-90 @ .... Cross section to metastable state not in ENDF/B-VL

48. 109Ag(n,y)ll0mAg DOSCROS84 ........ !DOSCROS84 is the 0uly h'brarythat includes a ratio to metastable
state.

49. NatCd(n,abs) JENDL-3 --- / -- No new ENDF/B-VI evaluation.

50. llSIn(n,¥)ll6mln !ENDF/B-VI • ? -- New evaluation, identical to ENDF/B-V dosimetry tape. Thermal
response conflicts with 197Au(n,y)t98Au"

51. 115In(n,n')llSmIn 1RDF-90 @ ? -- Slight difference between IRDF-90 and ENDF/B-VI, cause is inad-
vertent absence of latest update to metastable cross section in
!ENDF/_-VI library. Often this sensor conflicts with fission foils.

c_ 52. x27I(n,2n)X26I ENDF/B-VI E5 ....

53. _97Au(n,p)197pt !ENDF/B-VI .........

54. t97Au(n,¥)tSSAu ENDF/B-VI IRDF-90 / -- ENDF/B-VI deleted covariance matrix pending additional review.

55. lWAu(n,2n)196Au IRDF-90 @ ....

56. _97Au(n,3n)tgSAu ENDF/B-VI ..... Significant change from ENDF/B..V dosimetry tape.
....

57. N=Au(n, abs) ENDi_/B-VI -- / -"
• Covariance for t9"/Au(n,¥) reaction used.

58. 232Th(n,¥)233Th ENDF/B-VI • -- -- No recent dosimetry-odeated evaluation.

59. 232Th(n,2n)231Th ENDF/B-VI ..... No recent dosimetry-odeated evaluation.

60. 232Th(n,f)F.P. ENDF/B-VI • _ -- No recent dosimetry-odeated evaluation.

61. 235U(n,0F.E ENDF/B-VI IRDF90 / -- Covadance deleted from ENDF/B-VI peading additioeal review.

62. !23SU(n,f)F.P. ENDF/B-VI IRDFg0 / _ Covariance deleted horn ENDF/B-VI pending additional review.

63. !23_Np(n,0F_P. ENDF/B-VI i E5d / -- ......

- _._ ......_ -_--,:_x...._ ......._:_'_':.;_:_:_.<_.i-_:_.... _-<-_"'-._i-_¢_.......•......................... "_""-=." _, ""-" _'"_....... _ ......... _: " -_............... :--"......' "



Table 2. Contents of SNLRML Ubrary (Continued)
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64. _Pu(n,0F.P. F__IDF/B-V] I JENDL-_I ,/ -- _,'ror +nprocessing_NDF/B-V] cov_cc dueto redo t_choique,

I J_NDL-3d usedinstead,

65. 241Am(n,f)F.P. ENDF/B-VI I • .... Significant difference with IRDF-82. Processing error in covari-
I an(= due to ratio technique, JEHDL-3d (which was taken fxom

ENDF/B-V and is ideetical to ENDF/B-VI) used instead.

66. RML Enriched Uranium ENDF/B-VI IRDF90 ,/" -- Includes 23_U, 236U, 238U contaminants, norm_liTed to one atom of
Fission Foil elemental uranium.

67. RML Depleted Uranium ENDF/B-VI ....... IRDFg0 _' -- Includes 234U, 235U, 236U contaminants, normalized to one atom of
Fission Fog tclemental uranium. 235U is a major thermal fission contaminanL

68. RML Plutonium Fission ENDF/B.VI JENDL-3d ,/ -- Includes 238pu, 24°pu, 241pu, 242pu, 235U, 237Np contaminants, nor-

-.4 Foil malized to one atom of elemental plutonium.
24°pu muses a shape change in dosimeter cross section.

69. 32S-3MeV GLUCS/IRDF-90 • / -- Sensor for flux transfer cah'bradonof 32S(n,p)32p activities.
This sensor can on]y be used when sulfur is calibrated with the
252Cf fluence greater than 3 MeV.
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.-::':: ::_:+: ...... " ; _+;_::!:: :_:_!:: .:. .::_?i:....... _+-i:! .... ;_;....... :_: " " :_ " ;:;:: . ...... t:_:i..... i " :_._:-:.-:,:_:':+_-::_:-+_-::.::" _- " " : _;_i:'::_:_:_+_+_:::+:. " . .... _-_y:'_-:i_:_:_ ....... :: .... ::_$5:_:.$_:.:::_:_.i:_$$!_:..:i:_:::::i:_+_._+$.::?_:._._++:+_._!!::_._+_!_:!:_

:::+:+:::::?!+;,:+:::.::::::!+::!::+:;+.+:?+:!::.+:+++::::-+:-::::+:i:::::+:::.:++_?:::!:?+:_:?+:?!:+:+:::++:+.+:+:?::+35:+::+::+:::+:+:5:::+:i:+:?+:::;;5:::i:+:?+:::;?.:::+:::_::+::?::::+::::+:.:::5:::::?::+:+:::i:_::;!::.5:+:+::_::!.+:::;"+¢+:::::+:+:_:+.::i::::::i:+:+:+:?:%+?::5:+?_:::::+++:+:_:?_:::??_57+:5::?+:!:+:5:;+_:.:+::-5+::'::%-.'-++:!:+:-: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::



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 °aCu(n,a)6°Co reaction, shown in Figure A-38a, is one example.
In this case, despite the significant change in theshape of thecross 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 5aFe(n,y)s9 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 Comparison of Cross Section Evaluations
Appendix A summarizesthecrosssectionlibrariesthatprovidedevaluationsfor eachof the
sensorsincludedin the SNLRML library. Comparisonplotsfor all reactioncrosssections
from thevariousdosimetrylibrariesarcalsoprovided in AppendixA. The crosssection
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 NatFe displacement per atom (dpa) cross
section, that are not recommended for use as dosimetry sensors but are widely used as
exposure 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 2 fuel enriched to 35% 235U and with 21.5%

UO2. The central cavity spectrum represents a soft water-moderated neutron spectrum

(Eavg = 0.66 MeV).
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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. 19F(n,2n)'lSF- ENDF/B-Va IRDF-90 1.1533 1.1553

2. 23Na(n,y)24Na ENDF/B-Vd ENDF/B-VI 1.0003 0.9997

3. 24Mg(n,p)24Na ENDF/B-Va IRDF-90 0.9728 0.9723
........

4. 27Al(n,p)27Mg ENDF/B-Vd GLUCS 1.0695 1.0674
._:i:i:i:i_:i_i!!iii_:!ii:ii:i:i:i:i'i!i:i:_!iii:i!i!!i!:ii!:i:i:i:i:i:_:i:i;ii:i:!:;.i:;.i:i:ii_ii:!:i:!:ii:!:_:i:;:i_i:i:i!::i:i:i:i:i:i:!i_:iii:_:!:i:i_:i::,i:i:i:i:i:_:!,i:_i:iiii:i_::i!Ci7_;:i:_:i:i:i_!:i:i:ii.i:i:!:i:_:i:i_.:i:i:i:_i:i:_:i:i_:i_8i:i:-:::!:i.i;i;i:::_............................ _ _
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Table 3. Effect of New Cross Sections on Reaction Activities (Continued)

_%_°_!__'_'%_'_"_ _i'ii_i_i__ill i!iii!!iiii_'_iiiii!i_i_ii_'_!g"_'_'_i_-!_'iiii_i_!iiii!i@iI_!i_!_i_i_i_i_ii_i_!_i_i_!_!iii!iiiiiiiiiii___
!:i::.ii:i_.,,:,;.:.:.::.:.:3:::.:-:.:.:_::. :.ig :::.::i*:;.:,.' :.:i:::.:...::...::, ,::::::,::::: ,:.::i:?:::.: :,:::::::i.:,:.:,::i!i::ii!?ii/_i_il

_ '_.._•_ }_I_..""._a_:....'_:._._:._-._'_'_._:::::;:.._.._:.:..'.'.,::::_:,_.:•_::::_:.,.':.'.:'

5. 27Al(n,ot)24Na ENDF/B-Vd IRDF-90 0.9967 0.9982
,,,

6. NatSi(n,X)IMEV ",STM Private 1.0973 1.0829
E722-85 ASTM E722-93

7. 31p(n,p)31Si ENDF/B-Va IRDF-90 1.184 1.1926

8. ]32S(R,p)32p .............. ENDF/B-Vd ' GLucs 1.0836 1.08296

9. [ 45Sc(n,y)46Sc ENDF/B-Vd ENDF/B-VI 1.0 (exact) 1.0 (exact)

10. NatTi(n,X)46Sc ENDF/B-Vd Private 1.0718 1.0731

11. 48Ti(n,p)48Sc ENDF/B-Vd GLUCS 1.033 1.03549

12. NatTi(n,X)47Sc ENDF/B-Vd Private 1.235 1.2332
,,,

13. 55Mn(n,'f)56Mn ENDF/B-Va ENDF/B-Va 1.0 (exact) 1.0 (exact)
,,

14. 55Mn(n,2n)54Mn ENDF/B-Vd ENDF/B-VI 0.9536 0.9523

i.;. I 54Fe(n'p)54Mn ENDF/B-Vd ENDF/B-VI 1.0006 1.00062

16. I 56Fe(n'p)56Mn ENDF/B-Vd ENDF/B-VI 1.0013 1.0032
I

17. 58Fe(n,y)59Fe ENDF/B-Vd ENDF/B-VI 0.6239 0.9458

18. 59Co(n,p)59Fe ENDF/B-Va ENDF/B-VI 1.080 1.0939

19. 59Co(n,'/)60Co ENDF/B-Vd ENDF/B-VI 1.0686 0.9954

I 59C°(n'_)56Mn ENDF/B-Vd ENDF/B-VI 0.9747 0.9704
20 _

21. [ 59Co(n,2n)58Co ENDF/B-Vd IRDF-90 1.0032 1.0021

22. [ 5aNi(n,p)58Co ENDF/B-Vd ENDF/B-VI 0.9873 0.9856
I

23. 58Ni(n,2n)57Ni .... ENDF/B-Vd ENDF/B-VI 0.89325 0.8933
, ,,

24. 60Ni(n,p)60Co ENDF/B-Vd ENDF/B-VI 1.332 1.3249

25. 63Cu(n,v)64Cu ENDF/B-Vd ENDF/B-VI 0.9272 1.0435

._.',.>:::+_._.:_:..,_,',-:g::: :, :.::_,,_...,,>.+q.,:;:._y_:..,'.,.:...:: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::<::::..i::::::::::::::::::::::::::::::;:: +:.:;:: _:iiii:_:::_i?:_ii:::i_!:::!i_iii::iiiii!ii!i!i!i!iiiii?ili!!i!iii!iiiiiiiiiiiiii!iiiiiiiiiii!ii!il
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Table 3. Effect of New Cross Sectlons on Reactlon Actlvltles (Contlnued)
• _4_ .........

_.':I_................

6. 63Cu(n,2n)62Cu IRDF 82 IRDF-90 0.9774 0.9783

7. 63Cu(n,o_)6°Co ENDF/B-Vd ENDFfB-VI 1.0535 1.0652

8. 65Cu(n,2n)_Cu ENDF/B-Vd ENDF/B.VI 0.990 0.9912

9. 64Zn(n,p)64Cu IRDF-82 IRDF-90 0.9313 0.93029

0. 90Zr(n,2n)SgZr ENDF/B-Va IRDF-90 1.0413 1.04117

1. 93Nb(n,y)94mN'b ENDFfB-Va ENDF/B-VI 0.970 0.9577

2. 93Nb(n,2n)92mNb DOSCROS84 IRDF-90 1.143 1.1335

3. 93Nb(n,n')93mNb IRDF-82 IRDF.90 1.147 1.1517

4. 9SMo(n,y)99Mo ENDFfB-Va JENDL-3 0.7947 1.042

5. 103Rh(n,n')103mRh IRDF-82 IRDF-90 1.0017 1.0017

,6. 1151n(n,_/)l16mIn ENDF/B-Vd ENDF/B-VI 1.0 (exact) 1.0 (exact)

17. 115In(n,n')l15mln ENDF/B-Vd IRDF-90 0.9652 0.9644

;8. 1271(n,2n)126I ENDF/B-Vd ENDF/B-VI 1.0 (exact) 1.0 (exact)

19. 197Au(n,._)_98Au ENDFfB-Vd ENDFfB-VI 1.002 0.9999

10. 197Au(n,2n)196Au ENDF/B-Va IRDF-90 0.9650 0.968

il. RML Enrichedu 235U ENDF/B-Vd ENDFfB.VI 1.075 1.071

235U(n,f)F.E ENDFfB-Vd ENDFfB-VI 1.015 0.9961

12. RML Depletedu 238U ENDF/B-Vd ENDF/B-VI 0.9879 0.4996

23Su(n,f)F. ]:). ENDF/B-Vd ENDF/B-VI 1.0024 1.00199

_3. 237Np(n,f)F.E ENDF/B-Vd ENDF/B-VI 1.027 1.0307

_4. RML Pu 239FuENDF/B-Vd ENDF/B-VI 1.070 1.1286
239pu(n,f)F.p. ENDF/B-Vd ENDF/B-VI 1.0071 0.99586
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Table 4. Effect of Alternate Cross Sections Selections on Reaction
Activities

,. ,,:._. . ,, _.._._:.. • $ :_- . .-_._. _:._.._._.:.-,.::::

__i_.,.++:++, +"+"++++++":':+:'_''+''''+'+++++_','

+:++++++,,+,,++,.,+.+.,.++::........._::..+.:............................_....:++,,+++,:,+,:+:+:::,+,,:_:::++++_,:+?_6,_!_i_i+

1. 19F(n,2n)_8F JENDL-3d IRDF-90 1.137 1.146

2. 23Na(n,y)24Na JENDL-3d ENDF/B-VI 0.79719 1.0026

3. 24Mg(n,p)24Na JENDL-3d IRDF-90 1.0656 1.060

4. 27Al(n,p)27Mg JENDL-3d GLUCS 1.0756 1.071

5. 27AI(n,ot)24Na JENDL-3d .IRDF-90 0.9552 0.9563

6. 31p(n,p)3_Si JENDL-3d IRDF-90 1.294 1.303

7. 32S(n,p)32p JENDL-3d GLUCS 1.0735 1.0705
Fu 1.039 1.037

8. 45Sc(n,y)46Sc JENDL-3d ENDF/B-VI 1.21 0.9993

9. NatTi(n,X)46Sc JENDL-3d Private 1.0805 1.082
..

10. 48Ti(n,p)48Sc JENDL-3d GLUCS 1.0221 1.023..

11. NatTi(n,X)47Sc JENDL-3d Private 1.071 1.071

55Mn(n,y)56Mn JEF2.2 ENDF/B-Va 1.2167 1.023

13. 55Mn(n,2n)54Mn JENDL-3d ENDF/]3-VI 0.99927 0.9992

14. 54Fe(n,p)54Mn JENDL.3d ENDF/B-VI 0.994 0.9909

15. 56Fc(n,p)56Mn JENDL-3d ENDF/B-VI 1.0185 1.0241

16. 58Fc(n,y)59Fe JENDL-3d ENDF/B.VI 0.968 1.106
JEF2.2 0.8818 1.041

17. 59Co(n,p)59Fe JENDL-3 ENDF/B-VI 1.377 1.0442

18. 59Co(n,y)60Co JENDL-3d ENDF/]3-VI 1.039 1.002

19. 59Co(n,cx)56Mn JENDL-3d ENDF/B-VI 1.0815 1.072

• • ,: +++ :m:..',.'+::,+._...::+:':++:.+_.++.:.::,,.+.++::_:+::+:_+_:::,:+:::._.,.:::+::,.:+_:,.::+;::++:+:+:::.:++::::++:+:,;._:...........:::::::::::::::::::::::::::::::::::::::::::::::::_::::++:+.::+:.::M::.'..+,:++.+:+:._.+.,'.:.:.+._+:+.<.++.+:++:::::_++:+:+.+,.:.__,._m++++._++++&++.:_::.::+:+,,:.>:'M:,+
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Table 4. Effect of Alternate Cross Sections Selections on Reaction
Activities (Continued)

59Co(n,2n)58Co JENDL-3d IRDF-90 0.9947 0.9942

58Ni(n,p)58Co _ENDL-3d ENDF/B-VI 1.0025 1.004

58Ni(n,2n)57Ni JENDL.3d ENDF/B.VI 0.962 0.9617

60Ni(n,p)6°Co JENDL-3d ENDF/B-VI 1.338 1.337

63Cu(n,y)64Cu JENDL-3d ENDF/B-VI 0.8024 0.99_8

63Cu(n,2n)62Cu TENDL-3d IRDF.90 1.057 1.057

63Cu(n,¢06°Co _ENDL-3d ENDF/B-VI 1.0566 1.068

65Cu(n,2n)64Cu JENDL-3d ENDF/B-VI 1.0336 1.0337

64Zn(n,p)64Cu JENDL-3d IRDF-90 1.1075 1.1096

90Zr(n,2n)S9Zr JENDL-3d IRDF-90 1.0395 1.041

93Nb(n,y)94mNb JENDL-3 ENDF/B-VI 1.0143 0.975

93Nb(n,2n)92mNb JENDL-3d IRDF-90 1.154 1.1447

93N1o(n,n')93mNb JENDL-3d IRDF-90 1.0503 1.052

127i(n,2n);26I JENDL.3d ENDF/B-VI 1.202 1.2035

197Au(n,y);98Au JENDL.3d ENDF/B-VI 0.995 1.001

197Au(n,2n)196Au JENDL-3d IRDF-90 1.0317 1.0254

235U(n,f)F.P. JENDL-3d ENDF/B-VI 1.007 0.9883

238U(n,f)F.P. JENDL-3d ENDF/B-V! 1.013 1.0135

237Np(n,f)F.P. JENDL-3d ENDF/B-VI 1.011 1.011

239pu(n,f)F.P. JENDL-3d ENDF/B-VI 0.9999 1.0015

• __ : • _r,_ _ ....... _-:_ _:_._ ..... _:-"........... : - :. _ -: ........ :, :_ _:": : '_::: "_:_ • .-_ .... _ _ "_,%_:: _:_,_:.'_:"_:_:_ • . _
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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
andemission gamma probabilities, the data came from the on-line (as the library existed in
November 1992) Evaluated Nuclear Structure Data File (ENSD10 [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 (ENSD10 and Nuclear Wallet Cards (NUDAT), an on-line

database at the NNDC. In a few cases (e.g. 23Na) the datawere 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
[251.

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. All fission yield data given in "lable 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 term.,, 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 indicatedthat the 47Ti(n,p)reaction, which had previously been excluded
fromthe Sandia foil set based on a poor match with ENDF/B-V datafor 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 SSMn(n,y)S6Mn
reaction, that previously was consistent with other reactions in this region, produced
anomalous"bumps"in thespectrum.This happenedin each of the spectrastudied.In 14 of
the 15 spectrathe conflict could not be resolvedthrough the elimination of only one of the
otherfoils. The "bumps" were introducedin the very first iterationof the spectral fit. This
indicates that the pooragreementis not dueto thetendencyof iterativeunfoldingmethods
to "over-fit" the data, butratheris a problemwiththe cross sections, i

4.2 14-MeV Spectrum Characterization

The new crosssections wereempirically testedforconsistency [10] by usingfourteenfoils/
reactionsto characterizethespectrum andfluenceof theSandia DT neutrongenerator.The
characterizationof 14-MeV neutron sources was found to be very dependentupon the
consistent application of a given cross section set. The most recent evaluations (updated
ENDF/B-VIandIRDF-90evaluations) resultin adecreaseof about0.3 MeV in the neutron
energyfromDTsources when comparedto previousresultsbasedon ENDF/B-Vdata. DT
neutron fluenceestimates from the SNLRMLlibrary cross section evaluations are at least
as tightly clusteredas those frompreviousENDF/B-V data. Results based solely on new
evaluationswithinthe SNLRMLlibraryaremoretightly clusteredthanENDF/B-Vresults.

5. NOTES ON INDIVIDUAL REACTIONS

Several o,f the dosimetry reactionsin Table 2 requiresome additionalcomments to fully
understandthe library comparisonand the rationalebehind the choices reflected in the
contents of the SNLRML library. Full understandingof the derivation of these cross
sections is critical if the dosimetry cross sections are to be used at anotherfacility. 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 derivationof any special cross section areprovidedto allow a readerto duplicate the
dataprovidedin this document.

5.1 l°B(n,abs)

10B is used as the active material in boron covers. The large (over 104 b at thermal
energies) long 1/v (n,y) absorption cross section can be used to shift the response of a
dosimetry sensorfrom thethermalenergiesinto the keV energyregion. Boroncovers are
almost always used with fission foils. They can also be combined with foils such as

197Au(n,y)198Au,which are typically used to define the thermal energy spectrum, to
providebettersensorcoverage of the keV energyregion.
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The ENDF/B-VI library(revision 1) provides the most recent10Bcross section evaluation.

This cross section was adoptedby the JEF-2 library. 10Bcovariance data for all of the
absorption channels are not provided by any availablecross section compilation.

The absorption cross section, as includedin the SNLRML library,includes all absorption
processes [(n,y), (n,p), (n,a), (n,d), (n,t2a)] and not just the (n,_) component. This is a
significant modificationover the previous community standardboron cover cross section
thatwas distributedin the DOSDAM84 [14] libraryandusually interfacedwith theSAND-
II spectrum unfolding code. The other absorption processes are not important for sensors
in the thermalandkeV energy region, but the detailsof the high energy cover cross section

are important for some reactions,such as237Np(n,f)F.P.,thathave asignificant high energy
response. The effect of the high energy cover cross section can also be important in the

application/interpretationof monitor foils [such as 58Ni(n,p)58Coor 32S(n,p)32P]thatare
used to combine activities from several different irradiations to obtain a spectrum.

It shouldbe noted thatmost spectrum unfoldingcodes thatuse cover cross sections only
treatthe effect of the cover materialas anexponential attenuation. If boron covers are used
in a case where high energy scattering processes are important, then a true sensor response
andnot an exponentiallyattenuatedcross section maybe needed. The true sensorresponse
can be obtained by doing an adjoint radiation transport calculation through the cover
materialusing the dosimetry sensor cross section as the ad]oint transportsource.

5.2 l°B(n,X)4He
This is a frequently used damage sensor in the light-water pressure vessel surveillance
community. The datawere derivedby combining the ENDF/B-VI reactionsthat produced
heliumas a sum of the l°B(n,a)TLi (MT--107)and twice the10B(n,ta)4He(MT=113)cross
sections.

An inspection of the plots in Figures A-2a andA-2b shows a considerable difference in the
':Heproductionforhighenergyneutrons.Thisdifferenceis usuallynot of practicalconcern

since the productionof 4He by low energy neutroninteractiontypically dominates. The
IRDF-90 helium productioncross section only considers the direct (n,a) reaction as
extractedfrom the ENDF/B-VI evaluation. The actualENDF/B-VI cross section includes
the (n,t2a) breakupinteraction. The JENDL-3 andENDF/B-VI cross sections agreevery
well in theircross sections for these two reactions. However,the JENDL-3 cross section

also indicateswhich (n,n') inelastic scatteringreactionsresult in a 10Bnucleus thatbreaks
up into a deuteronandtwo alphas. While the ENDF/B-VIcrosssection 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 10B helium

production cross section. This cross section is identical to the ENDF/B-V 10B gas
productiontape. Thenew ENDF/B-VIevaluationwas doneby the same laboratoryandthe
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comments indicate that the evaluators incorporatednew data and adjustedthe (n,a) cross
section above the standara region (thermalto 100 keV) for betterconsistency with other
crosssections.

Since the 10B(n,a) reactionis consideredan ENDF/B-VIstandardcrosssection, ENDF/B-
VI data were adoptedfor this element in the SNLRMLlibrary. The activationHandbook
[28] indicates that the recommended range for use of this reaction as a standardcross
section is thermalto 250 keV [29, 30]. The readeris warned,as discussedabove, thatthe
helium contributionfrom the inelastic excitation and subsequentbreakupof I°B is not
included in this term. Futureversions of this librarymay remedythis omission.

The phase 1 reviewersof the ENDF/B-VIstandardcross sections have expressedconcern
that the uncertainties resulting from the combination of R-matrix and simultaneous
evaluations might have led to uncertaintiesthat 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-dayexperimentwere performedon a given standardcross
section using the best techniques, approximately2/3 of the results shouldfall within these
expanded uncertainties. These estimates can be found in the comment section of the
ENDF/B-VI evaluation. A recent publication [30] documents the final ENDF/B-VI
CSEWG-endorsedstandardcross sections and uncertainties. The Activation Handbook
[28] also includes commentsthatindicatethe uncertaintyestimates forthisreactionmay be

too low. Poenitz [31] recommendsthat the 6Li(n,ct)cross section be used as a reference
cross section below 100-150 keV until a more reasonable data base for the l°B+n
interactionsbecomes 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,a)
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, liB absorption cross section is

included in the library to allow users to combine the absorption cross section for 10Band.
11B in a ratio reflective of the enrichment in their cover boron material.

The ENDF/B-VI library (revision 1) provides the most recent11Bcross section evaluation

and is consistent with the 10Bcross 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 NatB(n,abs)
Natural boron is a common cover material. Natural boron is composed of 19.9% 10B and

80.1% liB. The NatB 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 I°B 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 EnrlchedB4C(n,abs )

Tb_ SNL RML uses a 91.67% 1°B-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 10B, liB, and Natc absorption cross

sections in Figures A-5a and A-5b shows that the 10B 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 10B 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/cm 3,
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 10B, then an atom thickness of 0.10863

atoms/barn of 10B must be used.

5.6 6Li(n,X)4He
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)4He reaction (MT=105) and the inelastic cross section

that results in an excited state of 6Li 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 4He production
for high energy neutrons. This difference is usually not of practical concern since the

production of 4He by low energy neutrons typically dominates. The IRDF-90 helium

production cross section only considers the 6Li(n,t)4He 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)4He 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)4He 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 19F(n,2n)18F

The 19F(n,2n)18F reaction is not typically used at the RML because it decays by 13emission
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 23Na(n,y)24Na

There are no recent cross section evaluations for 23Na(n,y)24Na 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.
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The JENDL-3 Dosimetry Libraryincludes a 23Na(n,y)24Nacross section and covariance
matrix. The cross section for this reactionis identicalto that containedin the JEF 2.2
libraryandtheJENDL-3generalpurposelibrary. The covariancedataweretakenfromthe

IRDF-85 23Na evaluation. Since the JENDL-3 Dosimetry Library(as opposed to the
JENDL-3 GeneralPurposeLibrary)only recentlybecameavailableto theauthors,a careful
evaluation of the internal consistency of the dosimetry library cross sections is still

underway. The JENDL-3 Dosimetry23Na(n,y)24Nacrosssection appearsto be consistent
with othercross sections in spectrumunfoldsperformedatSNL andmay indeed be better
than the ENDF/B-VI data. Concern about the JENDL library adopting the IRDF-85
covariancematrix,ratherthanperforminga carefulevaluationof thecovarianceconsistent
with their new evaluation, leads us to include the JENDL-3 data in the library as an
alternative crosssection ratherthanadoptingit as a recommendationat this time.

The 23Na(n,y)24Naevaluation mustbe usedwith care. Workat SN.Lhas indicatedthat the
cross section is consistent for spectrum determinationsof pool-type reactors,such as the
ACRR centralcavity, wherethe majorityof the sensor response comes fromthe resonance
region. However, for fast burst reactorspectra,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 resonanceand MeV energy regionof the 23Na(n?/)24Nareaction is an issue for
all of the available cross section libraries,JENDL-3and ENDF.

The 24Nadecay half-life andgamma emission probabilitiesweretaken from Lemmel [21]
ratherthan the ENSDF compilation.

5.9 24Mg(n,p)24Na

The ENDF/B-VI 24Mg(n,p)24Nacross section is just a format translation of the ENDF/B-
V dataand exhibits a piece-wise discontinuous representationfor this reaction. The IRDF-
90 data provides the most recent dosimetry-orientedevaluation and was chosen for
inclusion in the SNLRML library. The differences in spectrum-averagedcross 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 representationof the cross
section at high energies.

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

The 24Na decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.
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5.10 27Al(n,p)27Mg

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)27Mg 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,_)24Na
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-9t, 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 24Na decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.12 Natsi(n,X)IMeV

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 typicallymeasured as resistivity changes in Van der Pauw samples due
to changes in thecarrierremovalrate,degradationin carrierlifetime or total light output in
LEDs, andas gain changes due to minority-carrier-lifetimedegradationin bipolardevices
(such as2N2222 transistors).Thesilicon responsefunctionis displacementdamage,which
has been found to correspondto the silicon displacementkerma. Damage ratios for 14-
MeV spectra anda wide variety of fission spectrahave validated [33] this correspondence
to within experimentaluncertainty(-..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] wasused 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 31p(n,p)31Si

The recommended 31p(n,p)31Sicross 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 31Si isotope
decays through 13decay 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.

5.14 32S(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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between2 and5 MeV. TheENDF/B-VI libraryrequiredfull evaluationsand thusadopted
the olderENDF/B-V full evaluation.

Themost recent careful dosimetrycrosssection evaluationwas doneas partof the GLUCS
cross-correlationstudyatORNL. TheORNL crosssectionwasadoptedbytheIRDF-90
communityandisincludedintheSNLRML library.Thereferenceforthesulfur(n,p)
dosimetrycrosssectionintheSNLRML libraryisgivenasIRDF-90eventhoughthe
originalworkwasdoneaspartoftheORNL GLUCS library.Thischoicewasmade
becausetheIRDF-90libraryismorereadily_vailabletothedosimetryandradiationeffects
communityforcheckingandvalidationpurposes.

The use of newcross sections forthe 32S(n,p)Z2Preactionis complicatedsince thisreaction

is typically read with a beta counting system thatuses a transfercalibrationwith a NIST

252Cf irradiation. The fission spectrum-averagedcross section changes about the same

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

2"S2Cffission spectrum. Mannhart [36] has suggested changes in the 252Cf spectrum

relative to thatcurrentlyemployedby NISTfor calibrationpurposes. The Mannhart252Cf
fission neutronspectrum hasbeen adoptedby the ENDF/B-VIlibraryandappearsin Tape
200, MAT--9861,MT--18,MF--5. See section 5.69 forfurtherdiscussionof the importance
of correlating the sulfur activity with the [3-countingsystemcalibration.

Some work on the 32S(n,p)32preaction 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 252Cftransfercalibration procedureto affect the
fission spectrum-averagedcross section by a couple of percent. There is some indication
that the Fu cross section, when properlyrelated to the Sandia/NIST transfercalibration

procedure,may providebetter agreementwith the SNL 58Ni(n,p)58Comonitorfoil. The
situationis not completelyclearat this time since the effect is smallanddifficultto separate
from fluctuations in counting statistics and transfercalibrations. Since the dosimetry
community tends to favor the GLUCS/IRDFshape, that is what is currentlyincorporated
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 covadance matrix is taken from the 1993
GLUCS results.
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5.15 4SSc(n,y)46Sc
There are no recent dosimetry-orientedevaluationsof thisreaction. The ENDF/B-VIcross
section, whichwas adoptedfromthe ENDF/B-Vevaluation,is adoptedfor inclusionin the
SNLRML library. The JENDL-3 cross section, which did not emphasize dosimetry
applications,will be monitoredsince it is morerecentand showssome disagreementswith
ENDFathighneutronenergies(> 0.1 MeV). The responseto this cross sectionis generally
drivenby epithermal-energyneutrons.

The46Scdecayhalf-lifeandgamma emissionprobabilitiesweretakenfromLcmmel[21]
ratherthantheENSDF compilation.

5.16 46Tl(n,p)46Sc
The latest dosimetry-orientedcross section datacome from the ORNL GLUCS and were
incorporatedin the IRDF-90 library. These datawere adoptedby the SNLRMLlibrary.

H. Vonach discovered that some of the GLUCS covariancematrices were singular. D.
Hetrick tracedthe problem to the use of an ENDF/B-V covariance matrixthat was not
positive definite. The 1993 updateto the GLUCS dataprovided new positive definite
covariance matrices. The SNLRML librarycovariance matrix is taken from the 1993
GLUCS results.

The46Scdecayhalf-lifeandgamma emissionprobabilitiesweretakenfromLcmmel[21]
ratherthantheENSDF compilation

5.17 47Ti(n,p)47Sc
The SNL RML has not been able to use this dosimetry sensor for many years becauseit
couldnot be madeconsistentwith otherfoils. This hasbeen confirmed,informally,byother
laboratories.Mannhart[38] has shown that the disagreementrelated to difficulties in
normalizing differentialand integraldata. He proposed a normalizationchange to the
ENDF/B-V datawhich was found to make this reaction consistent with other dosimetry
sensorsin SNL spectrumunfolds. His analysishas been incorporatedandextended in the
GLUCS-90release(whichconsiderscrossreactioncorrelations).TheGLUCS/ORNL data
havebeen,inturn,incorporatedintheIRDF-90libraryandhasbeenadoptedby the
SNLRML library.

The IRDF-90cross section file for 47Tiindicates thatthe data were taken from ENDF/B-

VI. This is anerror in documentation. There is no new ENDF/B-V147Tievaluation;the

ENDF/B-V data were adoptedfor ENDF/B-VI. New 47Ti(n,p)47Scdata should have
appearedin the ENDF/B-VI cross sections, but was left out due to a miscommunication
with the evaluators. The IRDF-90 librarycompilers went directly to the ENDF material
evaluator for a pre-release version of the cross section and were not aware of the
miscommunications.This situationshould be remediedin release2 of ENDF/B-VI.
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The data in the IRDF-90 library is presented in a different numericalform than GLUCS,
but the resulting cross section is nearly identical to the GLUCS-90 data.

H. Vonach discoveredthat some of the GLUCS covariance matriceswere singular. D.
Hetrick tracedthe problem to the use of a ENDF/B-V covariance matrix thatwas not
positive definite. The 1993 update to the GLUCS data providednew positive definite
covariance matrices. The SNLRML librarycovariance matrix is taken from the 1993
GLUCSresults.

5.18 47Ti(n,np)4eSc

Thereis norecentdosimetry-orientedevaluation of the 47Ti(n,np)46Screaction. Some data
exist for energies,near 14 MeV, but no complete energy-dependent evaluations were
available. The JENDL-3 andJENDL-3 DosimetryLibrariesinclude this reaction,but have
covariance matricestaken 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.

The46Sc decayhalf-lifeand gamma emissionprobabilitiesweretakenfromLcmmel[21]
ratherthantheENSDF compilation.

5.19 NatTi(n,X)46Sc

An importantconsideration for many experimenterswho use natural ,titaniumfoils is that

the 47Ti(n,np)46Screaction produces the same activation product as 46Ti(n,p)46Sc.This
(n,np) contributionto the observedactivitycan be importantfor spectra with a high energy

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

NatTi(n,X)46Screaction while retaining a normalization to a per 46Ti 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 47Ti(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 NatTi(n,X)46Sccross section matches evaluations and experiments
at 14.7 MeV [39].

The 46Sc decay half-life and gamma emission probabilities were taken from Lcmmel [21]
rather than the ENSDF compilation
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5.20 4aTi(n,p)4aSc
The most recent dosimetry-oriented 48Ti(n,p)48Sc 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 48Ti(n,np)47Sc
There is no recent dosimetry-oriented evaluation of the 48Ti(n,np)47Sc 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)47Sc 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 NatTi(n,X)47Sc
!

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

the 4aTi(n,np)47Sc 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

NatTi(n,X)47Sc 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 48Ti(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 NatTi(n,X)47Sc
cross section matches evaluations and experiments at 14.7 MeV [39].

5.23 SSMn(n,y)SeMn

Resonance reactions are very useful in determining the unfolded spectrum in the 10.3 to 10
keV energy region. However, the resonances in the 0.3 to 2.0 keV energy region for the

55Mn(n,y)56Mn 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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notbe resolvedby eliminatingonly one of the otherfoils. The "bumps"were introducedin
the very first iterationof the spectralfit. This indicatesthatthe pooragreementis not due
tothe tendencyof iterativeunfoldingmethodsto "over-fit" the data,butratheris a problem
with these cross sections. The difference in cross section shape is ratherminor, and only
involves the resonancepeaks.The differencebetween evaluationsprobablyrelatesto the
ratioof the resonancecross sections to the cross section above 100 keV (wheremost of the

sensor response is for fast neutron spectra). The typical 55Mn(n,y)56Mnspectrum-
averagedcross section only differs by 2 to 3% betweenthe ENDF/B-V andENDF/B-VI
evaluationsfor fission spectra.This difference in cross sections may only be important
when unfoldsareperformedwith fine energystructuresin iterativeunfolding codes, such

as SAND-II. Because of this problem, the default 55Mn(n,y)56Mncross section in the

SNLRML librarywas taken from ENDF/B-V. The ENDF/B-VI 55Mn(n,y)56Mncross
section is includedso thatknowledgeableuserscan furtheraddressreactionconsistency in
the resonanceregion.

The 55Mn(n,y)S6Mnevaluation 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 theACRRcentralcavity, wherethe majorityof thesensorresponsecomes
from the resonanceregion. However, for fast burstreactorsp,_ctra,such as the SPR-III
centralcavity, muchof the sensorresponse is movedinto the0.100 to 2.4 MeV regionand
shows moderatedisagreementwith otherfoils in thisregion. The ENDF/B-V cross section
is more consistent than the ENDF/B-VI or JENDL data,but it still has self-consistency

problemsbetween the resonanceregionandthe highenergyregionfor the 55Mn(n,y)S6Mn
reaction.

5.24 SSMn(n,2n)S4Mn

The ENDF/B-V155Mn(n,2n)54Mncross section representsa new evaluationand has been
adoptedin the IRDF-90 library. Itwas chosen for inclusion as a baseline cross section in
the SNLRMLlibrary.

The 54Mndecay half-life andgamma emission probabilitieswere takenfromLemmel [21]
ratherthan the ENSDF compilation

5.25 54Fe(n,p)54Mn

The latest dosimetry-oriented54Fe(n,p)54Mncross section evaluation has been done by
ORNL. Their evaluationshave been includedin the ENDF/B-VI librarywhich has been,
in turn,adoptedby the IRDF-90. There aresome slight differences between the ORNL
GLUCS evaluationsand the ORNLcontributionto ENDF/B-VI. The differencesarose in
smoothingout unphysicalfeaturesthatresultedfromthe cross-reactioncorrelationsused in
the GLUCS evaluation. The SNLRML librarywill follow the IRDF-90 and ENDF/B-VI
standardsin its recommended 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/E I 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 54Mn decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.26 SSFe(n,p)SSMn
The latest dosimetry-oriented 56Fe(n,p)56Mn 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 27Al(n,a) reaction. Use of the 56Fe(n,p)56Mn
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
eovariance 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 SeFe(n,)SgFe
The latest dosimetry-oriented 58Fe(n,?)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,'/)59Fe 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 NatFe(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-IV 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. Tnis 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 S9Co(n,_,)6°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 6°Co decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.31 59Co(n,a)S6Mn
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 SgCo(n,2n)58Co
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 58Co decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.33 seNi(n,p)58Co
The 58Ni(n,p)58Co 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 58Co decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.34 5SNi(n,2n)S7Ni
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 6°Ni(n,p)S°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 Dosimctry data and from the recently evaluated JENDL-3 data.

The 6°Co decay half-life and gamma emission probabilities for the 1925.5 d ground-state
were taken from Lemmel [21] ratherthan the ENSDF compilation.

5.36 63Cu(n,y)64Cu
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 e3Cu(n,2n)e2Cu

The most recent dosimetry-oriented cross section evaluation for the 63Cu(n,2n)62Cu
reaction is found in the GLUCS work. This evaluation was adopted by the ENDF/B-VI.
Figure A-37b shows that the IRDF-9O recommendation differs only slightly from the

ENDF/B-VI evaluation. The IRDF-90 release contains the ENDF/B-VI 63Cu(n,2n)62Cu
evaluation as well as the IRK recommendation.

5.38 63Cu(n,)6°Co

The most recent dosimetry-oriented evaluation of the 63Cu(n,ct)6°Co 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 6°Co decay half-life and gamma emission probabilities were taken from Lemmel [21]
rather than the ENSDF compilation.

5.39 6SCu(n,2n)64Cu
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 64Zn(n,p)64Cu
The most recent dosimetry-oriented evaluation comes from the IRDF-90 community.
There is no ENDF 64Zn 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)64Cu 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 9°Zr(n,2n)89Zr
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 9°Zr(n,2n)89Zr are all very similar.

5.42 GaAs(n,X)IMeV
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 NatGa cross section was used for gallium. The ENDL 75As cross section

evaluation was used for arsenic. The ENDF/B-VI 75As 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 75As. 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.

34



5.43 93Nb(n,y)94Nb

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
majordifference 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)92mNb

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')93mNb

The ENDF/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')93mNb cross section
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byStrohmaier[44]. FigureA-45a shows thatthe IRDF-82crosssection is veryclose to the
ENDF/B-VI pre-releasecross section andthe JENDL-3Dosimetrycross section.

The 93mNb decay half-life and the Ka x-ray decay energy and yield were taken from
Lemmel [21] ratherthantheENSDF compilation. Note that, in accordancewith Lemmel
[21], the Ka x-ray line includesboth theI_1 andI_2 lines. The gammadecay energyand
yield were takenfrom the ENSDF.

5.46 98Mo(n,y)99Mo

The 98Mo(n,y)99Moreactionis not typicallyused at SNL for spectrumunfolds. Previous
attemptsto use thisreactionhaveshownthatit didnotagreewithotherdosimetryreactions.
This reactionis not typically considereda dosimetry-qualitycross section and covariance
matricesfor thisreactionarenot availableto the authors.

TheENDF/B-VIlibraryadoptedtheENDF/B-Vactivationtapeevaluation. The SNLRML
libraryadoptedthe mostrecentevaluation,the JENDL-3 evaluationcompletedin August
1989, for inclusion in the library.

5.47 l°3Rh(n,n')l°3mRh

The 103Rh(n,n')103mRhreaction decays with a very soft gamma that requires a thin
window on the gammacounter. Thisreactionis notused 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-85 data.

5.48 1°9Ag(nd,)11°mAg
The ENDF/B-VI data wereadopted from the ENDF/B-V fission product tape. None of the
standard evaluations report the branching ratios to the metastable state. The DOSCROS84
library is based on the ENDF/B-V activation tape cross section and uses a branching ratio
of 5.299x10"2from 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 Natcd(n,abs)
Cadmium is used as an activation foil cover material. The thermalcross 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,a)
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• FiguresA-49b and A-49c show the JENDL-3
absorptioncross section components.

See section 5.1 for cautions in the application of cover crosssections.

5.50 11Sln(n,_,)116mln

The ENDF/B-VI llSIn(n,'f)l16mln 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 Librarycross 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
determinedby experimentand reportedin the JENDL-3Fission Productnucleardata file.

The SNL RML hadstoppedusing this reactionbecause it conflicts with otherwell known

cross sections, such as thatfor the 197Au(n,'f)198Aureaction, in the thermalenergy region•
Self-shielding effects in indium may be the cause of the disagreements. The SNL RMLhas
not found a readilyavailable source for dilute indium foils.

5.51 11Sln(n,n')llSmln

The SNLRMLlibraryhas incorporatedthe1151n(n,n')115mlncross section fromthe IRDF-

90. This cross section is identical to a private commumcatmn 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')l15mIndata 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
compilerswent directly to the ENDF material evaluator for a pre-releaseversion of the
cross section and were not aware of the miscommunications. This situation should be
remediedin release3 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 ProductData Tape reports
cross sections for several discreteinelastic states butdoes not reportbranchingratios to the
metastable state. If one took the cross section for excitation to any single discrete inelastic
state, the population of the metastablestate would be severely underestimated.

*D.L Smith,ArgonneNationalLaboratory,privatecommunicationtoP.J.GriffininOctober1992.
Contentsincludeda letteranda floppydisk.
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5.52 1271(n,2n)1261

The 127I(n,2n)126I 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)126I 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)197pt

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.

5.54 197Au (n,¥) 198Au

The ENDF/B-VI i97Au(n,'/)198Au 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,_,)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)196Au

The IRDF-90 197Au(n,2n)196Aucross sectionwas incorporatedintothe SNLRMLlibrary.
These datadiffer slightly from the ENDF/B-V Activation Librarydataand significantly
from the ENDF/B-VI data. This choice in cross section was made based on the cross
sectionevaluationdate. TheIRDF..90evaluationcites anApril 1990 evaluationdate,while
themainENDF/B-VIevaluationcites aJanuary1984 evaluationdatewitha minorrevision
of a O-value in July 1991. The ENDF/B.VI cross section shape is largely determinedby
calculations.

5.56 197Au(n,3n)19SAu

The 197Au(n,3n)195Aucross section from the ENDF/B-VI evaluation was incorporated
into theSNLRMLlibrary.This cross sectionshows significantchanges in magnitudenear
thresholdwhen comparedto the ENDF/B-VActivationFile data.

5.57 NatAu(n,abs)

The ENDF/B-VI 197Au evaluation was used to determine the gold cover absorptioncross
section. The (n,y), (n,p) and (n,a) cross section components were included in the
absorptionterm. FigureA-57b showsmanyof thehighthresholdcrosssection components
for 197Au.

See section 5.1 for cautionsin the applicationof cover cross sections

5.58 232Th(n,-f)233Th

The 232Th(n,'/)233Thcross section fromENDF/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)231Th

The 232Th(n,2n)231Thcross sectionfromENDF/B-VI is used in theSNLRML 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,f)F.P.
The ENDF/B-VI thoriumfission crosssection has been included in the SNLRML library.
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 23SU(n,f)F.P.
The ENDF/B-V1235Ufissioncrosssection is considered astandardcross 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 238U(n,f)F.P.

The ENDF/B-V! 23SUfissioncrosssectionisconsidereda standardcrosssection.The data
from 0.3 to 20 MeV were taken from the simultaneousstandardsanalysis[46], Sincethis
isconsideredanENDF communitystandard,it wasadoptedin 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 237Np(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 239pu(n,f)F.P.

The ENDF/B-VI 239pu 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 239pu 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 241Am(n,f)F.p.
The ENDF/B-VI 241Am fission cross section has been incorporatedinto the SNLRML
library. The IRDF-90libraryno longercontains this reactionfor dosimetry applications.

Covariancematrices for the 241Am fission reactionareonly found in the ENDF/B-VI and
JENDL-3 Dosimetry libraries. The JENDL-3 Dosimetry cross section is taken from
ENDF/B-VI. Since this ENDF/B-VI covariance matrix is stored as a ratio to a standard

material, 235U,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 235U 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 235Ufission 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 235U 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 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 5. Fission In RML Enrlched Flsslon Foll

H..

235U 1.31674 98.492% 42.95543 99.972%
,, , , .....

234U 8.9154E-3 0.667% 5.20369E-3 0.012%
H , , • ,H,

2a6U 1.2784E-3 0.096% 1.238854E-3 0.003%

238U 9.9631E-3 0.745% 5.46716E.3 0.013%
H,H.H, I ,,,, , ,

Total 1.3368969 100% 42.9673397 100%
. , , , .,

_i_ _:_,_i_._,_._:)_"s__:___. _;%_(:_:_.i_J_:__:_:__ _:_ :i_,i_:__::___?::_.:_._;:;:__,=: __::_.___i_.N__i_ _:"":_,_._:_ _@__i_. • _",_
":........ _*._................ :'?._:::::"-::_:::_,_.,_::::::::::::::::::::::::::::::::::::::::::::::::::::::_._::_::;:_:_:::':_.'_,_'_.',_:_::._.::_,_.,, :,_-'_.:_:_:::::i:_:'._i:i:_:.;:_, .. _,_,. ,

Table 6. Fission In B4C-Covered RML Enriched Fission Foll

_iii!il _O_OP_il}il}i!ii!_iiii!! i;i)iilli_ilCi_i!:)ii!ii_!!ii;);il]iiii:!ii}!}!::Fld_iO_i_:i!!!i!!i!iil_i}_: i_ilii!i!!i)ii!!

_ __i:iiiiiii__:iiiiii!!!ii!i!ili'!is'i_'t'_i" !!!i! I i De":sl_ _!!iiii!!iiiiiiiiii'__"_n iif'i!!_ii_i!"iiiii!ii!:_i'h'Ityi!ii_!_i_i_
235U 1.14300 98.344% 0.89079 99.883%

- ,,,., --

234U 8.5014E-3 0.7315% 0.45261E-3 0.0507%

236U 1.22495E-3 0.1054% 0.68585E-4 0.0077%
,.,. ,,0,

238U 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 Foil
The RML depleted uranium fission foil sensor is very similar to the 238U 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 234U, 236U, and 238U 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 235U 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 238U 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 Appendix C.

Table 7. Fission In RML Depleted Fission Foll

235U 2.705E-3 1.624% 0.088243 49.523%

234U 8.469E-6 0.005% 4.943E-6 0.003%

236U 1.327E-5 0.008% 1.2864E-5 0.007%

23au 0.16386 98.363% 0.899247E-1 50.467%

Total 0.166586739 100% 0.178185507 100%
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Table 8. Flsslon In B4C-Covered RML Depleted Flsslon Foll

, ,,

2_5U 2.3481E-3 1.477% 0.182995E-3 0.2127%

234U 8.0757E-6 0.005% 4.2994E-6 0.005%

23_U 1.2714E-5 0.008% 0.712174E-5 0.0083%

238U 0.15657 98.510% 0.85839E-I 99.774%

Total 0.158939 100% 0.860334E-I 100%

lii_esu:It_ino_ahzc_:to_on_atomoft_epredommanti_sotopeandaverag_i_::0_r:!_i

5.68 RML Plutonium Fission Foil
The RML plutonium fission foil sensor is very similar to the 239pu 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 239pu, 238pu, 240pu, 241pu, 242pu, 235U,

and 237Np contaminant fission cross sections are modeled. The 240pu 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 239pu 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. Fission In RML Plutonium Fission Foll

_,,_i _,,_'_%,'3_._...>i_,_._$:,_ i:::.:!<,":::i::ii:_i;!i{ii• _ _' _:_,.,,._+, ,<,_:.%.:_.:..::,_._:_._,__.::,::::.,,::::::::::::::::::::::::::::

,,..... ,,

239pu 1.80643 92.478% 94.43105 98.599%

238pu 1.2477E-3 0.064% 1.800E-3 0.002%

24°pu 0.12096 6.192% 7.6616E-2 0.080%
,, ,, ,,

241pu 2.25035E-2 1.152% 1.2549396 1.310%

242pu 1.9687E-3 0.101% 1.089468E-3 0.001%

235U 2.3237E-4 0.012% 7.580559E-3 0.008%

237Np 2.3138E-5 0.001% 1.2607E-5 0.000%

Total 1.953365408 100% 95.77308823 100%

Table 10. Fission In B4C-Covered RML Plutonium Fission Foll

•_',':'::',".".:-,'._::_"_':_,_;":':":""_':'_:"_":'%_::i_ii._!_i::_::;:i!i_::i!::!i_i_i{@.{.,'.._i;.!ili_::::_i_;_:.i_i_i.ii

_ :_!:_::!i:::_ii!:_..:i;_:_i-'.;_i:_:_!".i:!:i;!:_!::_::!:!:!:i:9!_!i .... .;..;... ,i " ....... " ..... i" 'i' i ';;';i,,;i""" ..... ,' ," ....... • '"'"'" ....... "-

239pu 1.55678 92.9058% 1.01725 92.7119%

238pu 1.1689E-3 0.0698% 0.68259E-3 0.0622%

24°pu 0.11540 6.8869% 6.3513E-2 5.7886%

241pu 0.189223E-2 0.1129% 1.45695E-2 1.3279%

242pu 0.188506E-3 0.0113% 1.031693E-3 0.0940%

235U 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 32S-3MEVas Measured In 2S2cf Fleld

The 32S(n,p)32p activity is typically measured on a 13counting system that was calibrated

with a flux transfer from an NIST 252Cf irradiation. If the dosimetry counting laboratory

reports an activity rather than a 252Cf equivalent neutron fluence exposure, it has assumed

a 32S(n,p)32p 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)32p cross section for 252Cf

fission neutrons and the fraction of the 252Cf neutron spectrum which has a neutron energy

greater than 3 MeV to convert the 32S(n,p)32p cross section into a fluence sensor. If the

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

<o>252Cf.avg = 0.070229 b

• (> 3-MeV) = 0.2368 n/cm2

The true sensor response is given by the 32S(n,p)32p cross section presented in this library

multiplied by the _(>3-MeV) and divided by <o>252Cf.avg. For the above values, the true
sensor response is given by the SNLRML library tabulated values multiplied by 3.3718.

The ENDF/B-V1252Cf 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-II, 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 I10),
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 AS0

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 Ne sets of cards, where Nc is defined by the type 2-1 card. Each of the Nc 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: Nc COVERS

Cardvariables: Nc = numberof covermaterials.

Cardreadformat: free format integer field (I5) followedby 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.m

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 = dumm)' 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-I1640 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 (215).

6.2.5 Card Set 2-A: Cover Cross Section

Card appearance: xsec i, i = Elow, Ehigh

Card variables: xsec i = value of cross section at the ith energy point

in the SAND-II 640 energy group structure.

Card read format: free format floating point fields (5E15.7).

6.2.6 Card Set 2-5: Covarlance 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 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, I2).

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 Nc is defined by the type 3-1 card. Each of the Nc 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 Doslmetry Sensors
Card appearance: Nc FOILS

Card variables: N c = number of sensors.

Card read format: free format integer field (I5).

6.3.2 Card 3-2: Reaction ID

Card appearance: cov_name, library, MAT, t K
Card variables: cov name = 4 letter abbreviation for sensor cross section.

m

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 (character string, character string, integer, integer).

6.3.3 Card 3-3: Reaction Label and Nuclear Data

Card appearance: reaction_name, elemental_mass, decay_time, abundance,
fission.fraction

Card variables: reaction name --- 16 character abbreviation for the reaction.

elemental_mass --- mass of naturally occurring element.

decay_time = decay constant, _., in units of sec"1. If value
is negative, then the decay_time represents a
half-life in units of hours.

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 --- 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.

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).

49



6.3.4 Card 3-4: Energy Grid
This cardset definesthe energygrid usedto providecrosssection data. Seesection6.2.4
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 crosssection 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: Covarlance 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, I4, I2).

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/headercard, no variables -.

Card read format: character (A1, A79).
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Card appearance: energy i, i--l, number

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

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

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: sigi, i-l,number-1

Card variables: sig i --- 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 -.
l

Card read format: character (A1, A79).

Card appearance: sd i -- 1,number-1

Card variables: sd i = standard deviation expressed as a percentage.

of the ith 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 i 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
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Table A-la
Alternative Cross Section Sources for the l°B(n,abs) Reaction
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i!i!_i__!i{iiiiiiiii ii 525 No LANL, Eval. Nov. 1989, revision 1, tape b-10a, components 102, 103,

_i!iii411iiiiiiiiifi!iliiii_iiiiiiiiiiiiiili 10_._07.113
ENDF/B-V 1305 No LANL Eval. Dec. 1976, tape 511.

JENDL-3 3051 No JAERI, Eval. Mar. 1987, tape 23.
,>
to JEF 2.2 525 No LANL, Eval. Mar. 1989, taken from ENDF/B-VI, tape jefol.

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.
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Table A-2a
Alternative Cross Section Sources for the I°B(n,X)4He Reaction

i_i!__i _ i! i__i®__!i!ii__mment_i_i_ii_!_i_!_i_i_i!_i_?_!_!_!_!_!__ii_!_!i

_ _:_!_._ii_ii?__i_i_;_i_ii:_i:/_iiiiiiiiiiiiiii_ii_ili525 No I..ANL, Eval. Nov, 1989, revision 1, tape b-10a, components MT=107

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,c0, (n,nc0, and twice (nt2c0, (n,nd2ct) 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,c0 MT=107, twice the
(n,2n) MT=16, twice the (nt2ct) MT=113, and twice the (n,nd2o0
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 DOSDAM84 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 UB(n,abs) Reaction

:iili i!_ii_ii 528 No LANL, Eval. May 1989, components 102, 103, 105, 107.
i ,.

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

JENDL-3 3052 No JAERI, Eval. May 1988, tape 23, includes component 104 in addition

,_ to base set.

to JEF 2.2 528 No LANL, Eval. May 1989, tape jef-1.

BROND NA No No 11B cross section given.
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Table A-4a
Alternative Cross Section Sources for the NatB(n,abs) Reaction

iiii !!iiiii
ii_i __i_i iiiliii i_ii̧iiii__iiii ii_!

iii___!iiii!l 525/528 No LANL, Eval. Nov. 1989, revision 1, tape b-10a, components 102, 103,

iii!_i_ilii_ii!_!i iiiii!iiiii 104,107,113.

ENDF/B-V 1305/1160 No LANL Eval., see Table A-la and A-2a.

JENDL-3 3051/3052 No JAERI, Eval., see Table A-la and A-2a.
,>
i.-t
c_ JEF 2.2 525/528 No LANL, Eval. Mar. 1989, taken from ENDF/B-VI.
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Table A-5a
Alternative Cross Section Sources for the EnrichedB4C(n,abs)Reaction

!i___ ii_iiii 525/528 NO Boron from LANL, Evil. Nov. 1989, revision 1, tape b-10a, compo-
_ii::_iii i nents 102, 103, 104, 107, 113.

600 Natural carbon from ORNL, Evil. August 1989, components 102, 103,
104, 105, 107, 111, 112, 115, 116.

> ENDF/B-V 1305/1160 No Boron from LANL Evil., see Table A-la and A-2a.
1306 Natural carbon from ENDF/B-V.

oo

JENDL-3 3051/3052 No Boron from JAERI, Evil. see Table A-la and A-2a.
3061 Carbon-12 from tape ma257.23, JAERI Evil. August 1983, compo-

nents 102, 103, 104, and 107.

JEF 2.2 525/528 No Boron from LANL, Evil. Mar. 1989, taken from ENDF/B-VL
600 Carbon from tape jef-1, taken from ENDF/B-V, updated from ENDF/

B-VI
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Table A-6a
Alternative Cross Section Sources for the 6Li(n,X)4He Reaction

_i_i!_:_ ._ii_ii_iiii__i_i_,ii_i_ii_i_i":i_i_i_i_':ii_ _;_:___;_;_i_:_: __________________________________________________________________________________________________________________________________________________________________________________________________________________

!i! _i 325 No LANL, Eval. April 1989. Includes 6Li(n,t)4He reaction (MT=105) and

i!!i! !i!!ilii!ii_ii_ ! ticlethe6Li(n'n')6Li cr°ss secti°n that decays int° a deuter°n and alphapar'(MT=4minus 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 ofto

(n,tot), (n,ncO,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 Ycs 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-VI.

BROND 361 No Tape ma242.51C2D-FEI, Eva]. May 1984.
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Table A-7a

Alternative Cross Section Sources for the 19F(B,2U)I8F Reaction

ENDF/B-VI 925 Yes CNDC, ORNL, June 1990.

ENDF/B-V 1309 Yes ORNIo July 1974, Tape 556, release 2, based on ENDF/B-IV evalua-tion.

> ENDF/B-V 7099 Yes ORNL, Nov. 1979, Activation Tape 532b.

_i!i_i_!_ii!i!_i_!_i_iiii 925 Yes IRK, June 1980.

IRDF-82 920 Yes AUSIRK, 1979.

JENDL-3 3091 No JAERI, July 1989, ma257.23.

JEF 2.2 925 No RCOM, June 1982, taken from ENDF/B-I_, ]el-1.

BROND - NA - --- A 1990 evaluation is reported, but not in NNDC distn_oution.



Figure A-Ta:l_(n,2n)lSF CrossSection
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Table A-8a
Alternative Cross Section Sources for the 23Na(n,y)24NaReaction

_i_i _i_ii_Ni_!iii_4i_i_iiii_!i_i_ii)iiiiiiiii!!iiii!i_i!i_ii_i_iNiiii!i_?_i@iiiiNi_i?_iiiiiii__ii_iiii!iiii_iiiiiiiiiiili_!ii!!iiii!!i!iiii!iiii_!ii
:i:.::i:_$'.':i:_:'_.::-:.':-$_;_:_:"::::_:_::!:.i$i:i:!;:i:_:i::_::::::::::::::::::::::::::::::::

ii_..............'............_::_..........:.i__'"_-:.iii_i-:.:_i!i:i::i-i::____i_:._::i-_it 1125 Yes Format translation of ENDIVB-M
::_::_i::_`_.i::ii.:ii_!.i_i!::.::...::_:.::::ii!i:`..::_.::!ii::_!ii_i_i:::i_::_ii_i::f_!::.:_i!_

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,p)2_Na Reaction

ENDF/B-VI 1225 No Formattranslationof ENDF/B-V.

......._:_:!_i:_:_ ..................1225 Yes IRK, 1990.

ENDF/B-V 7124 No Activation Tape, HEDL, ORNL, Mar, 80.

IRDF-82 1220 Yes AUSIRK, 1979.
>
ba JENDL-3 3121 No NEDAC, ScpL, 89.

JENDL-3 Do_ 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 27Al(n,p)27Mg Reaction

ENDF/B-VI 1325 Yes Format translation of ENDF/B-V.

IRDF-90 1325 Yes ORNL, 1990.

___,_........_ _:_,_:_!,,_ 6313 Yes ORNL.

ENDF/B-V 6313 Yes Dosimetry Tape, LANL 1973, Rev. 1977, taken from ENDF/B-IV.
Ox

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.



Figure A-10a: 27Al(n,p)27Mg Cross Section
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Table A-11 a
Alternative Cross Section Sources for the ZTAl(n,a)Z4NaReaction

ENDF/B-VI 1325 Yes Formattranslationof ENDF/B-V.

1325 Yes IRK,Vienna, 1990.

GLUCS 6313 Yes ORNL.

ENDF/B-V 6313 Yes DosimetryTape,LANL 1973, Rev. 1977, takenfromENDF/B-IV.

_o_ ENDF/B-V 7137 No ActivationTape,LANL, 1973, Rev. 1977, takenfromENDF/B-IV.

ENDF/B-V 1313 Yes Completeevaluation,LANL, 1973, Rev. 1977, takenfromENDF/B-
IV.

IRDF-82 6313 Yes AdoptedfromENDF/B-V,_ 1973.

JENDL-3 3131 No TIT& JAERI,EvaluationMar. 1988.

JEF2.2 1325 No Recom.July 1986, takenfromENDF/B-IV,revisedby ENEA.
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Table A-12a
Alternative Cross Section Sources for the Natsi(n,X)lMeV

..........-::!:i.." '_-"!: ........ !..:i_::._..:_._._!_.-:_':-.::_.._ _ .
_-_" _'_,_ _ ....................... M _:-_::_ ................._.............
_::::_::::::-_:::_::._:_:._:..::.:_:_:_:_:_::._:_:_!:':'_!:!__!_.:.'_!.::'.:_:-':._i!!_i_i__i_i_._i_._!_,'::._.:__.::_:.:-_:._.::_:._.:::_-_.!_i_!i!_

i:._P_'.,.-_:: !"":.......... i "'- _-.-':_¢__!_: .:.-.:. " ....... _..:...:_
_i_:.`_:_i_i_i_::_..._i._::_:.:._.::::._.i_.__i.:._!._!.::._!_.i_.:.:;_._.:_..:_:_i_:._._..._...._._:_.:;._:._._:_:_. :._i__._.'-._

_:,"_:_-_.::_:__-":___-:_.:--_-__-":__.:-:_._-._._____':_ _ii__:___._i___._i-_.:-_._'__,__,.: _ _:,..:i_-:_i_.:._ _-:_i_i__ __ _-_i_i-_;__ _i !.:_i !__i_"._-__

ENDF/B-VI 1400 No Natsi,Formattranslationof ENDF/B-Vdata.

ENDF/B-V 1314 No ORNLFeb 1974 evaluation,revisedOct 1980, tape556, revision2.

JENDL-3 3140 No Natsi, and 28Si, 29Si, 30Si,JAERIEval. Mar1988, tape 23.
NJOY/CONBARprocessingerror.

>
JEF 2.2 1400 No Recom.July 1986, takenfromENDF/B-IV,revised by ENEA, tapejef-

t,_ 1.

BROND 1402 No TUD/CJDEval. May 1985.
Inadequate(n,2n)T-productiondata.

:--'-:':"""_.... _._::::_::::__.._ :':_i::::.:::":_:___:_:_,-_._:_ 1428 No ORNLSept. 1989 evaluation[15], submittedfor ENDF/B-VIrelease
_:_:!::::_._::¢___,::_::_ _ _:'_: _.'._:_.__::_il 2. incozporatedintoASTME 722-93..._ _._:._._-_:.:_::_,_:_........... _:_. _:::.-:._-:_g_i_:_.:..::':_!:_::.
_'.-t_-_" _!!:_:.-._:::::_ _.:-::::__:.:_#.::_<_:.:¢::_:'.-:.:__i::-:-:-:-:::_:,:._.:.:.:.:.:.:,,-:<._:.:.___::_

ENDF/B-W 1194 No ORNLeval. Feb. 1974, tape 405.

ASTM --- No ASTME 722-85, pre-1992 standard.

LENDL-V 7820 No Howerton, NJOYprocessingerroz:



Figure A-12a: _tSJ(n,X)IMeV Damage Function
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Table A-13a
Alternative Cross Section Sources for the 31p(n,p)31Si

_:_.,::_:_:_-_:_:_z_-_-.:'_:_:__.........._:::_:..'._._:_:':_::-_-_.........._'_.-._._!_.__._:'.-_:__i_ ::_:_:_-:___:_.".;_._'_.____.___ i_ff:i_i_'-'_i_i_i_y_i_i_i_ii_:!i_!i_i_._

:_:X:_:_::_:::::_::_:_::::::::_:_::::_::::_::_:_:::_:_;_:_:_:_:_::_:_;_:_;::_:_£:_:_::::_(_:_;_:_:_:_;£_;_::_:_;::_:_:::: ================================================================================================================================================================================================================:":::_;'_============================================================================

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 Howe_on eval. Oct. 19"/7, 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.

JEF 2.2 1525 No Taken from JENDL-3, jef-1 tape.

IRDF-82 1520 Yes AUSIRK, Eval. 1979.

__ilM_ 1525 Yes IRK, Eval. June 1980.
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Table A-14a
Alternative Cross Section Sources for the 32S(n,p)32PReaction

ENDF/B-VI 1625 No Formattranslationof ENDF/B-V.

IRDF-90 1625 Yes ORNL, 1989.

_,__i 32 Y. o_z. ;_3 ._e toG_uCh',),_.
_.'?:::::_!:_.-.'._:_::_.:!:'_!:_.-.'_.:_.!_:__.:i:_:;'_:_,,._i.,._:.__:_i__

!

ENDF/B-V 6439 Yes DosimetryTape,BNL, Mar84.

ENDF/B-V 7162 No ActivationTape,LI_ Mar84, identicalto ENDF/B-Vfull evaluation
exceptnearthe threshold.

ENDF/B-V 1316 No Completeevaluation,LLLMay 78.

IRDF-82 6439 Yes Adoptedfrom ENDF/B-V,LANL, 1973.

JENDL-3 3161 No FujiE. C. L, EvahtationMar.1987.

JEF22. 1625 No TakenfromJENDL-3,May, 1987.

private 7439 No ORNI_Fu ANS presentationApr 89, Re-evaluationfromthresholdto
5 MeV.
Used as an inputto theGLUCS analysis.
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Figure A-14d: 32S(n,p)32P Cross Section



Table A-15a
Alternative Cross Section Sources for the 45Sc(n,'/)46ScReaction

• - _, _,... _ • _ "

_!E:_i_i_!_il!ii_i/ / Yes BNL, Eval. July 1979, taken from ENDF/B-V evaluation.
_ 2125

IRDF-90 2125 Yes Taken from ENDE

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-85.
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Table A-16a
Alternative Cross Section Sources for the 46Ti(n,p)46ScReaction

_:_:_::_:::_::._:_:_`.:::_::.`_::_:_::_:.._:_::_.::_!_:::_::_:::`_:i_:_._::_._:::_!:_::::_:::::_:_:.;::::_:_:_::::_:, ==================================================

ENDF/B-VI 2225 Yes Format translation of ENDF/B-V.

IRDF-90 2225 Yes ORNL, identical to GLUCS.

}iii,_:_!_i!_ii_i_ii 3222 Yes ORNL, 1990 update to GLUC library.

ENDF/B-V 6427 Yes Dosimetry Tape, ANL, 1977.

oo ENDF/B-V 7226 No Activation Tape, ANL, 1977.

IRDF-82 6427 Yes Adopted from ENDF/B-V, _ 19T/.

JENDL-3 3221 No KUR, 1989.



Figure A-16a: 46Ti(n,p)46Sc Cross Section



Table A-17a
Alternative Cross Sectioh Sources for the 47Ti(n,p)47Sc Reaction

ENDF/B-VI 2228 Yes FormattranslationofENDF/B-V.
_i_ _!_'_ __i i_:'_'_'__

_i__ 2228 Yes File headerstatestakenfromANL ENDF/B-VI,numericalcontents
_ii!i_!__iiil andlibraryprinteddocumentsidentifyasfrom ORNL Dataverysim-

_%_:_:_f::_iii ilarto GLUCS-90 data.IncorporatesMannhart252Cfdata.

GLUCS-89 2228 Yes ORNL, 1989,originalGLUCS.
;>

GLUCS-90 3222 Yes ORNL, 1990 updateto GLUCS library.

ENDF/B-V 6428 Yes DosimetryTape,ANL, 1977.

ENDF/B-V 7227 No ActivationTape,ANL, 1977.

IRDF-82 6428 Yes AdoptedfromENDF/B-V,ANL, 1977.

JENDL-3 3222 No KUR, 1989.

private - NA -- use ENDF/B- PTB,Mannhart_Smith,ANS presentationat SantaFe, NM, re-normal-
V data izationof Smith 1975 databy 0.8208 to fit252Cfintegraldata.
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Figure A.17a: 47Ti(n,p)47Sc Cross Section



Figure A-17b: 47']["i(1_p)47Sc



Table A-18a
Alternative Cross Section Sources for the 47Ti(n,np)46ScReaction

_i___ 2228 Yes Formattranslationof ENDF/B-V.

IRDF-90 2228 - NA --- ORNL,presentin datafile, not listedin docummtaficm,identicalto
ENDF/B-VL

GLUCS - NA- --- ORNL, 1990 updateto GLUClibrary,reactkmnot included.

ENDF/B-V 6428 Yes DosimetryTape,ANL, 1977.&
uo

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

IRDF-82 6428 Yes AdoptedfromENDF/B-V,ANL, 1977.

JENDL-3 3222 No KUR, 1989.
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Table A-19a
Alternative Cross Section Sources for the NatTi(n,X)46ScReaction

ENDF/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 VI.

> ENDF/B-V 6427 Yes but Dosimetry tape, 531a.
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.

[ ii__!_:i_ NA use IRDF-90 with 47Ti(n,np) component renormalized to fit Smith's totaliiii__ii ENDF/B-VI 14.7 MeV value of 294.8 mb.
l_i!_i_!ii_i_i data
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Table A-20a
Section Sources for the 4aI'i(n,p)4SSc ReactionAlternative Cross

ENDF/B-VI 2231 Yes Formattranslationof ENDF/B-V.
....

IRDF-90 2231 Yes,GLUCS ORNL, identicalto GLUCS,NJOYprocessingerrorin covariance
data.

& 6429 Yes ORNL, 1990 GLUClibrary.

ENDF/B-V 6429 Yes DosimetryTape,ANL, 1977.

ENDF/B-V 7228 No ActivationTape,ANL, 1977.

IRDF-82 6429 Yes AdoptedfromENDF/B-V,ANL, 1977.

JENDL-3 3223 No KUR, 1989.

JENDL-3Dos. 2233 Yes Identicalto JENDL-3,covarianceadoptedfromIRDF-85.
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ENDF/B-V 6429 Yes DosimetryTape, ANL, 1977.

-,a ENDF/B-V 7228 No ActivationTape, ANL, 1977.

IRDF-82 6429 Yes AdoptedfromENDF/B-V,ANL, 1977.

JENDL-3 3223 No I_R, 1989.
_l
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Table A-22a
Alternative Cross Section Sources for the NatTi(n,X)47Sc Reaction

_!_!!_'!_'_!_'_!__i_!!!__'!_'_' _!iii!!_!!',!'.Ei!iiii!!',_!_i!_!!!!!_!!!_!!i!_!!'_i_.!!_'__!_!!_'_'_._-_!i_i_!',!!_!_!i_.!_i_'_'!"'_'!_'_'_'_!!!_!_!_!_'__i!i!!!_!!_!!i_!!_!_!_i'_!_!i_:'_'_!_!_:i!!!i_.!_!_i!!_i!_.'

ENDF/B-VI 2225 Yes but 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 VI.

ENDF/B-V 6428 Yes but 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.

i!i!__iiiiiiiii!_i_ii_ - NA-- use IRDF-90 47Ti(n,p) with ENDF 4_(n,np) component renormalized to
_!!_i_ii_!i_ii_!ii_ili!i!ii!ii!iiiiiiiiii_iii!i!ii_iiiiilENDF/B-VI fit Smith's total 14.7 MeV value of 223.1 mb.

iiiiiiiiiiiiiiiiiiii _ data



o.oo I , I , I ,
0.00 5.00 10.00 15.00 20.00

Neutron Energy (MeV)

Figure A-22a: NatTi(n,X)47Sc



0.00 I , I ,
5.00 10.00 15.00 20.00

Neutron Energy (MeV)

Figure A-22b: NatTi(n,X)47Sc



Table A-23a
Alternative Cross Section Sources for the 5SMn(n,y)S6MnReaction

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: • ".:_'_:, .... "":_,..:_::,'.w'_.::_:::::.::::_;::';::_....'.:_:::::-;::_!_':..:.:;:.::_._::_::,._-_ ..-.,.._:...:....:_y'.:._.,.-:.:,:.:.::_:.._.-. _._,_::_:>._:_;_._:_.::_:_:::r:.: :.:_.:_:.::_;::_._.._._::_:_:.:.:.__.

ENDF/B-VI 2525 Yes JAERI, ORNL Eval March 1988.

IRDF-90 2525 - NA Yes Taken from ENDF/B-VI, only includes (n,2n) NOT (n.,¥).

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,¥).,>
-,a 7255 No BNL, March 1977, Activation tape 532.

___,

JENDL-3 3251 Yes JAERI March 1987 eval., tape 24, same as ENDF/B-VI.

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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Figure A-23a: 55Mn(ncy)56MBCross Section



A-77



A-78



A-79



Table A-24a
Alternative Cross Section Sources for the 55Mn(n,2n)S4Mn Reaction

2525 Yes JAERI, ORNL Eval. March 1988, (n,2n) calculated with TNG.

IRDF-90 2525 Yes Taken from ENDF/B-VI, only includes (n,2n) NOT (n,y).

ENDF/B-V 1325 Yes BNL, March 1977, Tape 553, revision 1.

ENDF/B-V 6325 Yes BNL, March 1977, Dosimetry Tape 531a, includes (n,2n), NOT (n,¥).
.....................

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-VI.

BROND --- NA ..... Advertised as part of the 1989 update, but not in my 1989 version.
__

JEF 2.2 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.
I
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Table A-25a
Alternative Cross Section Sources for the 54Fe(n,p)S4MnReaction

_eri_!::ili__!i:!l!i"!!!i:!;!i:!!iii!!i!ii!i;i!!!iiif!i!!'iii!i!!ii:'!_ii!i!!iil!!iii!i:!:i!i!i!!i!!'!_'iii!!:i:!iii!i!iliiiiill!iiiiiii!?!iiii!4!!!i!i!ii!!!:i:!i!_:!iiiiiiiiiii:!!ili!!i!!iii!i!i!!ii_ii_

2625 Yes ORNL, Nov. 1989, taken from GLUCS with some smoothing.

IRDF-90 2625 Yes ORNL, Nov. 1989, same as ENDF/B-VI.
......................

GLUCS 6430 Yes ORNL, 1990 distribution.

ENDF/B-V 6430 Yes HEDL, Eval. June 1979, Dosimetry Tape, 531a.

_o ENDF/B-V 7264 No HEDL, ORNL, June 1979, Activation Tape, 532b.i,O

JENDL-3 3261 No JNDC, Eval. March 1987, Tape 24.

BROND 2611 No CCPFEI, Eval. Nov. 1985, tape ma242.51.

JEF 2.2 2625 No KFK/ENEA, Eval. May 1990.



Figure A-25a: 54Fe(n,p)S4MnCross Section
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Table A-26a
Alternative Cross Section Sources for the 56Fe(n,p)S6MnReaction

!i ii_il 2631 Yes ORNL, Eval. March 1989.

IRDF-90 2631 Yes Taken from ENDF/B-VI.

GLUCS 561 Yes ORNL, 1990 distribution, same as ENDF/B-VI.

ENDF/B-V 6431 Yes ORNL, Eval. July 1978, Dosimetry Tape, 531a.
'

80 ENDF/B-V 7266 No ORNL, Eval. July 1978, Activation Tape, 532b.o_

JENDL-3 3262 No JNDC, Eval. March 1987.

BROND 2621 No CCPFEI, Eval. Nov. 1985, tape ma242.51.

JEF 2.2 2631 No KFK/ENEA, Eval. Dec. 1989.
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Table A-27a
Alternative Cross Section Sources for the 58Fe(n,y)S9FeReaction

2637 Yes ORNL, Eval. Nov. 1989.

IRDF-90 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.

_o JENDL-3 3264 No JNDC, Eval. March 1987, Tape 24.

JENDL-3 Dos. 2634 Yes Identical to JENDL-3, covariance adopted from IRDF-85.

BROND 2641 No CCPFEI, EvaL Nov. 1985.
•

JEF 2.2 2637 No KFK/ENEA, Eval. Dec. !_;'89,_ape jef-2.
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Table A-28a
Alternative Cross Section Sources for the NatFe(n,X)dpa Rea_._on

f!!ifii::ip,_:-x_!_i;:3i__:.ii!, :': ::i_i:V;:_::_;_:@.'_:ii!!!_i'!:_!i.;_ii_i_ii_i:_:i.'::'_ i:@!:_:_!:::_,-i@'_!.-:'t::-:!!:iI__:............::._::_-_._: _:;:_!:_!_c_.-'.'i_!i_%_.:._ _:!_'_--'.'___

i

i@:'::ii....................i!!i'_!i'::":""-_:_,'i'""_,.,'i _. No A staada_dexposureparameter.

,>
4_
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Figure A-29a: 59Co(n,p)S9Fe Cross Section



Table A-30a
Alternative Cross Section Sources for the 59Co(n,y)6°CoReaction

_!i 2725 No ANL, Eval. July 1989.

IRDF-90 2725 No TakenfromENDF/B-VI,file co-59b.

ENDF/B-V 1327 Yes BNL, Eval.June 1977, tape561, revision2, based on ENDFfB-I_.

ENDF/B-V 6327 Yes BNL, Eval.June 1977, _etry Tape531a.
>

ENDF/B-V 7279 No BNL, Eval.June 1977, ActivationTape,532b, based on ENDF/B-IV.

JENDL-3 3271 No KHI,EvaLAug. 1988, tape 24.

BROND NA --- Reportedto be in library,butnotin partavailablethroughBNL

JEF 2.2 2725 No ANL, Eval.July 1988, tape jef-2.



Figure A-30a: S9Co(n,y)6°Co Cross Section
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Table A-31a
Alternative Cross Section Sources for the 59Co(n,a)S6Mn Reaction

!iill i;iiiii!!; 2725 Yes ANL, Eval. July 1989.

IRDF-90 2725 Yes, 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, 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 3271 No KHI, EvaL Aug. 1988, tape 24.

BROND NA --- Reported to be in library, but not in partavailable through BNL

JEF 2.2 2725 Yes ANL, Eval. July 1988, tape jef-2.
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Table A-32a
Alternative Cross Section Sources for the 59Co(n_2n)58CoReaction

ENDF/B-VI 2725 Yes ANL, Eval. July 1989.

__I_ '_ _''' "_ii 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.
ta_

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 available through BNL.

JEF 2.2 2725 Yes ANL, Eval. July 1988, tape jef-2.
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Table A-33a
Alternative Cross Section Sources for the SSNi(n,p)SSCoReaction

_i Yes ORNL,Eva].Oct. 1989, takenfromGLUCSwithsome smoothing.
2825

iiiiil;ii_iiii!iiiiilliii</iiii:i!i_Sii,iiiii!iiiiiiiiiii',iiiiiii_iiiiil

IRDF-90 2825 Yes TakenfromENDF/B-VI.

ENDF/B-V 6433 Yes BNL, EvaLMarch1977, DosimetryTape,531a.

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

GLUCS 6433 Yes ORNI., 1990 distribution.

JENDL-3 3281 No NAtG, EvaLMarch1987, Tape24.

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

JEF2.2 2825 Yes NEA, Recom.Jun1991, takenfromENDF/B-VI, tapejef-2.



Figure A-33a: SSNi(n,p)SSCoCross Section



Table A-34a
Alternative Cross Section Sources for the 5SNi(n,2n)S7Ni Reaction

_.____ :i____"_-_:_":_"_:_._i_.... i_i_i!_!_i_!_::.:_-_._i_

:,ii!i_i
_

!ii _!!]_iii 2825 Yes 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-VI.

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

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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Table A-35a
Alternative Cross Section Sources for the 6°Ni(n,p)6°Co Reaction

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

ENDF/B-V 6434 Yes BNL, Evil. _h 1977, I_imemj _al_ 531&

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

i-t

JENDL-3 3282 No N_IG, EvaL March 198"/, Tape 24.

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

JEF 2.2 2831 Yes NF_ R_m. June 1991, _al_ jef-2, taken f_m F2_F/B-VL
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Table A-36a
Alternative Cross Section Sources for the 63Cu(n,y)64CuReaction

i!! _i!i 2925 Yes 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.
>
i...a

JENDL-3 3291 No NAIG/MAPI, Eval.March 1987,Tape25.

BROND - NA ..... Advertisedaspartoflibrary,Eval.1986,butnotinmy files.

JEF 2.2 2900-NA --- OnlyincludesNatCu,63Cu(n,y)componenttakenfromexperimental
data.
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Table A-37a
Alternative Cross Section Sources for the 63Cu(n,2n)62Cu Reaction

ENDF/B-VI 2925 Yes ORNL,Eval. Nov. 1989.

___.;_ 2925 Yes NOTIRDFrecommendedfile, butpresenton releasedtape.
_:,<___ ORNL,Eval. Nov. 1989, file cu-63b,takenfromENDF/B-VI.
_££:1i;

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

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

IRDF-82 2920 Yes AUSIRK,EvaL1979.

ENDF/B-V 6435 - NA --- ORNL,Eval.July 1978, DosimetryTape531a.
(n,2n)reactionNOT on tape.

ENDF/B-V 7293 - NA -- ORNL,Eval. July 1978, ActivationTape532b.
(n,2n)reactionNOT on tape.

JENDL-3 3291 No NAIG/MAPI,Eval. March1987,Tape25.

BROND -- NA ...... Advertisedas partof library,Eval. 1986, butnotin myfiles.

JEF2.2 2900 NA --- OnlyincludesNatcu,63Cu(n,2n)componenttakenfrom experimental
dataandrenormalizedwiththe65Cudatato fit totalmeasurements.
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Table A-38a
Alternative Cross Section Sources for the 63Cu(n,a)6°Co Reaction

i! _i 2925 Yes ORNL, Eval. Nov. 1989.

IRDF-90 2925 Yes ORNL, Eval. Nov. 1989, file cu-63b, taken from ENDF/B-VI.

GLUCS 6435 Yes ORNL, 1990 distribution.

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

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

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 NatCu, 63Cu(n,(z) component taken from ENDF/B-V
dosimetry library.
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• Table A-39a
Alternative Cross Section Sources for the 6SCu(n,2n)64Cu Reaction

g::::::'-_:::_-.':_'i::s::::::i_.:::`.:_:::::::_:_:!:_::.:?._:.:.::_F!:_:_:!::_:?:!_i_:_:.:..:jF.:.:??i:i::_:_..i::;.i:i:i:!_:!:_:_:i:_:i_::_:_:i:i:i.:::_:_:i_i_i:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

`INiiii_:I[;)_!i!_::1_i:i?s:i-::!_ii_:=g:....:::_?!_i:,:?!:ii::::ii!:::,!;:::,}iig,:!::,:::_i!_iii_i!i_i:i:_ii_i_iii)iiii:::_ia!i:i;a:':!::::s;::_iir!?i!i:_!::_:_iig'"::=ii)i_ii!iiN!i!i_!N_Ng;iii_iii_ii_lili!2_:iilgi:{iiii??iii!:ili;ii:_i}iiiiii=:i_i!_iiii_ii!ig!?gi_jig'gz!:::i:?:.:_:i::i::::!s:/,i?i!:::.2:ff:_i__:=i..,_:-...:.:_:.:..:_:.:.:.:.:I!_ii_i_i_iiii_}i_iiiiiiii_iii_!iiiiii_ii_i:i_!iiii_ii_i_!i_!_i_i}__ai_i.i!as)_ii_z_!:as_:zi.i!_aii:_,a?a!.iNa_s?a_!!a!?_.!.:::.:i_ii_!a!_.:`:_.aia_?_a_.:_:.:.?:_:_?:_=-ia_ii5_a!ii_i_sa=::_:::;=i;!ii:s_i:.i_z_a.._..:a_:.:_:.:_?_:a=i_N_i_*e_:_:_.............e:::.::_-................................................._iii_i_i_i_ii)_i_i_i_ii_ii!i)_i__:.:.._:.:_:i::::.::_a.::.:_::_.:_?!:?._:!,_::..z._a:_:_`_...:.:a::_:::!:.;:::_=s:!e_:ai1i!_i_i_......

_._::_!_::_:_:_:_:_::M::;:_._._.;:::::::_:_::_::`;_::_:::::._::::_.:.:_::_.::::_`_/`:;::_`_`_:`:_.:._<.:_:`:_:.:_>:.:_:.:_:_:<._.;`>_:_:_::._:._`:`_::_`_`_:<_._..`_:<`._._.....`..._,,:_,-..-._....._.-,::..-.....................................

: _iN!i!i! 2931 yes - 0RNL, Eval.Nov. 1989, takenfromGLUCSwith some smoothing, .

_ IRDF-90 2931 Yes TakenfromENDF/B-VL

GLUCS 6436 Yes ORI_ 1990 _lease, slightly differentfromENDF/B-VL

ENDF/B-V 6436 Yes ORNL, EvaLJuly 1978, _etry Tape531a.
l.,,x
to ENDF/B-V 7295 No ORNL,EvaLJuly 1978,ActivationTape,532b.

._ . JENDL-3 3292 NO NAIG/MAPLEvaLMar.1987, tape25,

-'' BRDND " NA • --- Seportedtopartoftheli_, butn0indudedinthereleasetothe

_EF2.2 " 2900- NA -- Only includes"a_Cu,65Cu(n,2n)componenttakenfromENDF/B-V
_etry h_a_.
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Figure A-39a: 65Cu(n,2n)64Cu Cross Section



Table A-4Oa
Alternative Cross Section Sources for the 64Zn(n,p)64Cu Reaction

i i!!i{ii :i-iif!i;:ii_ii:if_ili_i : i::::i.,i v ==u• _. _1If_'l::::!ivU. ,::iX:i_!:;:::>i_;::___;ii!_i;:-_;ii!f::!i!i:i_:!!_:_;17i:::iii}::ii;:!il;:;ii:iii _iii::;;:.!::i;_:i;::i_ii!iii!Xdii!::!i!iiiiiiiiliijii_if;_;!-:dii_;:;i.w_ ___ _}_iiii:iii:i£:i_:;i_-:fi!iii;;i_i!_i_iiii@_i!_!_i!!ii!_i_:i_i_i_'_::;-:!ii_i_!_E:.-:i![:;i:i_[i_!!!_!_@_!_
L

ENDF/B-VI NA ---- No ENDF/B evaluation exists.
:::::::::::::::::::::::::::::::::::x.::::::::..::::.::::::::.:-::.:::.:.:.:::,.::.::>>:
!ii_!i_::::<-:::x!;i::::::ii!"-::}:::::i!ii_i!{ii;_!i{i:::iiif_:_i__

ii:iii_F:_i!::i:r?::i:i:!:i!i::_!:!i%:.:.:iiii:J:i 3025 Yes IRK EvaL ApN 1990.

IRDF-82 3020 Yes AUSIRK, Eval. 1979.

JEF 2.2 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.I,O
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Figure A-40a: 64Zn(n,p)64Cu Cross Section



Table A-41a
Alternative Cross Section Sources for the 9°Zr(n,2n)S9Zr Reaction

ENDF/B-VI 4025 .. -No " SAI/BNL, Eval. April 1976, tape 104, takenfromENDF/B-V.

___."._ " 4025 Yes IRK,Eval. April 1990.

IRDF-82 4020 Yes AUSIRK,Eval. 1979.

ENDF/B-V 1385 No SAI, Eval. April1976, tape 558, revision2.

to ENDF/B-V 7400 No" SAI, Eval.April 1976, ActivationTape,532b.

JENDL-3 3401 No JNI_, Eval.Aug. 1989, tape25.

BROND NA ---- ReportedtObe partof theh_orary,butnot intapes deliveredto NNDC.

JEF 2.2 4025 - HA -- Recom.July 1983, tapejefo3,takenf_ JF2_L.-1, mat4090.
Does not include (n,2n)reaction.
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Table A-42a
Alternative Cross Section Sources for the GaAs(n,X)IMeV Reaction

ENDF/B-VI 3100 No LLNL HowertonLENDL evaluationmodifiedby Young(LANL), con-
vertedfrom ENDF/B-V. Uses10 eV for displacementdamagethresh-

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.
t_
O_

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,ct) reactions.

_: __ 3100 No Same as MIX, but processed with NJOY using a PKAenergy depen-8302 dent displacement damage efficiency factor.



lo3 ' i..............1 ........, ........i ........i ........i ........i ........i ........i ........i .......1 .......ENDF/B-VI Disp. Kerma _r...

_ ENDF/B'VI&LEN'DL Disp" Kermai102 Device Damage /:""';""_"
101

-....... ,._ .. ....
_ lo0 _ "-.. •.........

_ I .....I I ....... i ......I ....J ...... J .....I .....t ......t .....I1010.1;, '-2 ........... ...... ._ ..................... -_, 10 "9 104 10-_ 10 10"s 104 10 10 "2 10 "_ 10° 101 102

Neutron Energy (MeV)

Figure A-42a: GaAs(n,X)IMeV Displacement Damage



!

o ENDF/B-VI Disp. Kerma

ENDF/B-VI&LENDL Disp. Kerm_ .......
102

Device Damage
| .o- o'

O ""

o_ °'*

_ ....°-"
I,o

. o'°°"

101

r_

, 10"2 10-1 10o 101

Neutron Energy (MeV)

Figure A-42b: GaAs(n,X)IMeV Displacement Damage



ENDF/B-VI "
102 -

LENDL
10 l

•
_ 10° "

10.1

J
........ I ........ I ........ I ........ I ........ I ........ I ........ i ........ I ........ I ........ I ........ I .......

10"2 -10 -9 10 210 10 104 10-7 10_s 10"5 10" 10"3 10"2 10-I 10° 101

Neutron Energy (MeV)

Figure A-42c: 75As Displacement Kerma



Figure A-42d: 7SAsDisplacement Kerma
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Table A-43a
Alternative Cross Section Sources for the 93Nb(n,y)94mNbReaction

ii_ 4125 Yes ANI./LLL Eva]. March 1990.

IRDF-90 4125 - NA --- IRK Eval April 1990. Does not include (n,¥) reaction.

IRDF-82 4120 - NA --- AUSIRK, Eval. 1979. Does not include (n,¥).

ENDF/B-V 1189 No ANI.dLLL, Eval. May 1974, Tape 510.
,>
t_ ENDF/B-V 7413 No ANL/LL_ Eval. May 1974, Activation Tape, 532b.to

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

BROND 4193 No CCPFEL EvaL 1988, tape 77, updated of 4111.

JEF 2.2 4125 No Taken 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)gzmNbReaction

_.

ENDF/B-VI 4125 Yes _ Eval. March 1990.

!_:__i_ii'_::_'_::!_ 4125 Yes IRK Eval April 1990.

IRDF-82 4120 - NA --- AUSIRK, Eval. 1979. Does not include (n,2n).

ENDF/B-V 1189 No _ Eval. May 1974, Tape 510.
,>
t-a

ENDF/B-V 7413 No _ 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 CCI'FEI, 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.



Figure A-44a: 93Nb(n,2n)92mNb Cross Section
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Table A-45a
Alternative Cross Section Sources for the 93Nb(n,n')93mNbReaction

.:.:_<_`_:_!.*_._.:_<::::._::_:_::::::`:._::`,_::::::::::::_.::::::::::_:_g_0_!_!_:_._:_:_.:_:i_u_._._:._:_:_._::_:__!::;,..._..-.,.,::..<_.:.:_->..--_.-:,..<..:_,.:_%_:_:-_:_::::::::::.:_::_..............::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::...................:::::::::::::::::::::::::::::_:_:::_:...::::::..:_.-.

::--::::::: ..::_::.'_:_:':':;:::_:::.':::-:_i::::..':_.::_:._::.-$'.-:_-:-:::-:-:::::::-:::::_::::-:.:::.-'::::::::.::.::_.:$_::.':-'::!::_:::::::-::::::':i:'::::_:::::.':::{'-_.'::-£:::::1._.;:.-'_:_._i.'.:-£_::.::::::::_:::::::::::":.:-'.-:1-.'_.__;_::::.'-'-'%;_:':::.:_:.:-::-:::_i::::i_. "_i:::_::"-':::::::::.'.':1,':.-1:_:_:_!::::::::::::::::;:::::::::'.:::::::::::::-;:'-::::::::::::_$'_.'. :::;:.-_"-'_

_._.:,.._._;_.,....,._:__.,_z._._.:__...,;_>.._z_._.,:_.....:_.....::_._z_.:.>.:;.._.:;_z_:__._.__:_.'-_-'.:_-:_i-.'.-_ _i_;.?-_;i_:-1.--_;.-'._;_:_.->;i_;_i;:;i_'.".-_..>:i_.:I_i.'_.-:.:-!>.'i_.)!_:'..i_i_ _,-"_.__i; "):'_-':_"i'_ _-_ _i

iii_::!i_ii_iii-.-.-..'-_iii_._i!i i_7 .-'.'__::,_.'::'.',.':_-:_ii..>.-_.::!i:..:-.'..:.:'..._.!.'-i;]:_ii_i.!_i!!!!:...:_ .:.-:},:!i_iii: '!_-.':- i:.>.i_::--'::_.-'.<-._.+.":!:_.-'::_..':.>:>;>.::.:;::...--_..::_::'::_:_._::':-:.::_-: _-i_.>:,..::..::._::.:.+.::...+.:,::::..>.::?:;.-..:.;:,.-i.::-:'..:.::.>._:::::.:>.:-i.:.>::::;::.:.:-)):..::_:i::..::::>.-::>.::-.;:::::>.--'-_:.'..:::::.-->.::<.:<.

ENDF/B-VI 4125 Yes ANL_LL Eval. March 1990.

4125 Yes IRK Eval. April 1990.

IRDF-82 4120 Yes AUSIRK, Eval. 1979.

ENDF/B-V 1189 No ANLYLLL,Eval. May 1974, Tape 510.,>
t..t

ENDF/B-V 7413 --- ANLRJ._ 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 CCPFEI, EvaL 1988, tape 77. Updated of 4111.

JEF 2.2 4125 No Taken from ENDF/B-V, mat 1189.

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

Private, Smith 4125 Yes Smith private communi_on [16], should be in official ENDF/B--VI
version, initial format problem because it must appearin F'de8 not 3.
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Figure A-45c: 93Nb(n,n')gaNbCross SectionComponents



ENDF/B-V 7428 No HEDL, EvaL Feb. 1980, Activation Tape, 532b.

3426 No JNDC, EvaL Aug, 1989, Tape 25.

BROND 4231 No CJD/FEE Exam. Oct. 1985.

._ JEF 2.2 4243 No NEA, Rcom. July 1982, tape jef-3.
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Figure A-46c: 98Mo(n,7)99Mo Cross Section



Table A-47a
Alternative Cross Section Sources for the t°3Rh(n,n')l°3mRhReaction

ENDF/B-VI 4525 No HEDL, BAW, Nov. 1978. Taken from ENDF/B-V fission product
library, inelastic states 51-64&91 exist.

|

ENDF/B-V 1310 No HEDL, BAW, Nov. 1978, tape 510 fission product tape. ]

34525 Yes IRK, EvaL June 1980.

,_ IRDF-82 4520 Yes AUSIRK, Eval. 1979.k..a

O0
JENDL-3 Do_ 4531 Yes Cross section and covariance data taken from IRDF-85.

JEF 2.2 4525 No NEA, Rcom. July 1983, tape jef-3. Taken from RCN-3 evaluation
(MAT-4503), inelastic states 51-74&91.

BROND 4501 No C3D-FEI, EvaL Sept. 1984, tape ma242.51, states 51-63&91.
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Figure A-47b: l°3Rh(n,n')l°3mRh Cross Section for Ist Excited State



Figure A-47c: l°3Rh(n,n')l°3mRh Cross Section Components



Table A-48a
Alternative Cross Section Sources for the 109Ag(n,y)110mAgReaction

_:_._,,_._ ::_-,_._.::-_..:x...N_.-__- ,,,.-.... ".

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-

u_ tion was NOT updated in 1983 when the full evaluation was changed.t,O

JENDL-3 3472 No JAERL Eval. March 1987, tape ma257.25.

BROND 4711 No CJD-FEI, EvaL May 1984, tape NDS1. Quoted in BROND documen-
tation as 4791, difference unknown, tape ma242.51.

JEF 2.2 4731 No NEA, Rcom. July 1983. Taken from RCN-3 evaluation (MAT=4709),
tape jef-3.

_i_ 7479 No Taken from ENDF/B-V ActivationTapewith a branchingratioof

{_ 5.299E-2 (referenced by Zijp [14]).
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Table A-50a
Alternative Cross Section Sources for the ll$In(n,_/)ll6mxnReaction

_: i!_i 4931 Yes HEDI./AN_ Eval. March 1990.

IRDF-90 NA -- 4931 -- Taken from ENDF/B-VI, ANL, Eval. Jan. 1990. (n,¥) not in evalua-
tion.

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

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

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

JEF 22. 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 llSIn(n,n')llSmln Reaction

ENDF/B-VI 4931 Yes HEDI./ANL, Eval. March 1990.
Revision from D. Smith did not make original release, will be modi-
fied, see private entry.

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

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

ENDF/B-V 7495 No HEDIJANL, 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. W'dlbe incorporated into
ENDF/B-VI. Confirmation from D. Smith on 10/26/92.
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Table A-52a
Alternative Cross Section Sources for the 127I(n,2n)126IReaction

__;_":' .-_::_N-__: i _
__ N '_""_"_:-__":_':_ .....

ii iiiiill 5325 No HEDL, RCN, Eval. Feb. 1980, taken from ENDF/B-V Fission Product_:_:_`_._::_._::_:`_`_:_:_:_ Tape.

ENDF/B-V 6438 Yes Stanford, Eval. Aug. 1972, Dosimetry Tape 531a.

ENDF/B-V 7537 No HEDL, Feb. 1980, Activation Tape 532b.

,_ JEF 2.2 5325 No NEA, Rcom. July 1983, tape jef-4, taken from RCN-3 eval.
o_ (MAT=4533).

JENDL-3 Dos. 5331 Yes Covariance taken from IRDF-85.

IRDF-82 6438 Yes Taken from ENDF/B-V Dosimetry Tape.



Figure A-52a: 127I(n,2n)126ICross Section



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

__.._-_._"_ -__._:._._._• .'."_.:.:_._.___._! _, _. "_

_i:::-:_-'.'.:.:" .,::_:,._:.:.'._..:._."--'_;'_s:::.L:_. _.'_[_ ,:_

_:i_'DF_i _i_:_i_i!_:!_!i_!:_ii!_7925 No LANL, Eval. Jan. 1984. Q-value revised July 1991. This is ENDF/B-
!ii_ii_!ii}i%iiiiiiiii!ii!iiiiiii}_!iiii_iii_!_i_i_ VI revision 1, file au-197a. The (n,p) reaction adopted from ENDF/B-
_%_i_ii_ii_i_}_i_ii_i V.

IRDF-90 NA --7925 -- Reactionnotineitherfileau-197aorau-l_/b.

,> 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)-,4

reaction.

ENDF/B-V NA -- 7797 --- BNL, Eval. Feb. 1977, Activation Tape, 532b. Does not include reac-
tion.

3EF 2.2 7925 No RCOM June 1982, taken f_om ENDF/B-V, mat=I379. (n,_) replaced
by ENDF/B-VI on May I989, 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 DOSDAM84 tape. Identical to
ENDF/B-VI.
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Table A-54a
Alternative Cross Section Sources for the 197Au(n,y)19SAuReaction

Ni;!i_ i

7925 No LANL, Eval. Jan. 1984. O-value revised July 1991. Uses Version VI

i iiiiiiiiiiiiiiiii! (addressed standardcross section for (n,T). 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.
t-a

,_ ENDF/B-V 1379 Yes BNL, Eval. Feb. 1977, Tape 554.

ENDF/B-V 6379 Yes BNL, Eva]. 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,¥) 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 197Au(n,2n)196AuReaction

ENDF/B-VI 7925 No _ Eval. Jan. 1984. Q-value revised July 1991. This is ENDF/B-
VI revision 1, file au-197a.

_...'._:?_:_-__:_:-:_::_:_@_-__:_:_ _:::-:-_

_::_ :_:,:_:_:_::_q_:::::_:_::_::_:7925 Yes IRK,,Eval. April 1990, file au-197b.

ENDF/B-V 1379 Yes BNL, Eval. Feb. 1977, Tape 554. (n,2n) same as ENDF/B-I_.

,_ ENDF/B-V NA - 6379 -- BNL, Eval. Feb. 1977, Dosimetry Tape 531a, not in reaction list.t-a

I.,a

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-56a
Alternative Cross Section Sources for the 197Au(n,3n)lgSAu Reaction

::!i::i!i::;::i,ii!:_i';:i:i;ii_i:,;ii_.:iii:_!i:i:.;iii_;iliiiil;i:ii_-_i_!i_ii:i!ii!i!!_ii_)i_',:_i!_.2:_:)!:.!iii_i2i_i_iiii;i?i);ij_i::;_!i)_:_i:,iiliiii_'_iiiii:,ii'i:!::iiii::!i::!ili;_iii:i:i!!i:.i_i!!:iiii:.i_i:!i_'.i_!iii!:_!!ii:i!:i!i!:;:::i!?i::;,!_!;}::!_!i_i::ii!::i:_;_iiii?_:i!,_i!!;:/_:.ii!_ii !2_':i!211::i;

:i;2:;i_:!:_:_._:i::i:i?i:._!?i:i:?i:i.!:iN:_.:.:!:::::i:."._._:!:::!:;:i._8_:.:_?::!(ii::ii;!.i!)ji_:.?__._!_-J:.:_i_?:_x!i i!i!__ i?;;!:_ii:_!i:i:::_.::_:i:_:!:i:'."k:?:::?_:i:i:i:_:!:?:_:!;::;_;i:i:i:_.'.::!:.:!8i:!:7:!:?i:i:.:;i:i:_2.::_::i_:i:!ii_:?_i:!:[_i_(_:!._ii:2ii:?:?!:!_:!:!:i:3i:_:i:2:i:i:?:i:_.","gJ:i:!:!:2:_:_:i:N'i_:!:__:!i:_:i:_:!:'::i_:f:i:i:.:_:.:::i:.'i:_:!_:_:N

7925 No LANL, Eval.Jan.1984. Q-value revi_-q_dJuly 1991. This is ENDF/B-
VI revision 1.

IRDF-90 NA - 7925 - Reactionnotin eitherau-197aor au-197b.

ENDF/B-V 1379 No BNL, EvaLFeb. 1977,Tape554.

,_ ENDF/B-V NA - 6379 - BNL, EvaLFeb. 1977,Dos_met_yTape531a, m3tin reactionlist.t...t

t_
ENDF/B-V 7"/97 No BNL, Evil. Feb. 197"1,Activation Tape,532b.

JEF2.2 7925 No RCOM.June1982. TakenfromENDF/B-V,mat=1379,tapejef-6.
.......
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Table A-57a
Alternative Cross Section Sources for the t_TAu(n,abs)Reaction

!_ iiiii_!i!ii_92_ O_on_o__ _._-_X_,_ono-_10_103,107.
ENDF/B-V 1379 No BNL Eval. Feb. 1977, tape 554.

,> JEF2.2 7925 No Room. June 1982. Taken from ENDF/B-V, mat=1379. (n,y) replaced
by ENDF/B-VI on May1989, tape jef-6.

--4
tJ_
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Table A-58a
Alternative Cross Section Sources for the 232Th(n,'i,)233Th Reaction

_._-...,:<_.._..'._-_."..... _:. _'_.
:...,.<.-:..:::,:_:::::,_::.,:::.,::_:,_._::,_._.,-_.:...__:.:..:.

_:_!:! ! i!!!ii 9040 Yes BNL, ANL, Eva].Dec. 1977. TakenformBNDF/B-V.
_:_:__:_:iiiii:iii_:i_:iiiiiiiiii::i:,iliiiiii!iii:il

IRDF-90 9040 Yes TakenfromENDF/B-VI.

ENDF/B-V 1390 Yes BNL, Eval. Dec. 1977,rev.March1982, tape561, revision2.

ENDF/B-V 6390 Yes BNL, Eval. Dec. 1977, DosimetryTape531a.
>
-._ ENDF/B-V 7902 No BNL, Eval. 1977,ActivationTape 532b.oo

JEF2.2 9040 No NEA, Rcom.June 1982. TakenfromENDF/B-IV(MAT=1296),tape
jef-7.

JENDL-3 3905 No KinkiU., Eval.March1987, tape ma257.27.
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Table A-59a
Alternative Cross Section Sources for the 232Th(n2n)23ZThReaction

ii_i_iiiiii 9040 No BNL, ANL, Eval. Dec. 1977. Taken form ENDF/B-V.
i_i$1_i:__>':-_:_:$_:i_:i:_'._$:'-.-:_i_i$:::_::_::::::::::::::::::::::::::::::::

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

ENDF/B-V 1390 No BN'L, 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.
,>
oo ENDF/B-V 7902 No BNL, Eval. 1977, Activation Tape 532b.

JEF 2.2 9040 No NEA, 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.



Figure A-59a: 232Th(n,2n)231ThCross Section



Table A-60a
Alternative Cross Section Sources for the 232Th(n,f)F.P. Reaction

i!_- ii}!!} 9040 Yes BNL ANL, Eval. Dec. 1977. Taken form ENDF/B-V.
i!ili:i::_iiiiii:!iiil_-i:::_i_i_iii_:ii:_ii:,iiiiii:.:,iiiii_:i_i_iiii::il;:,i:/:ili:_iiiiil_i

IRDF-90 9040 Yes Takenfrom ENDF/B-VL

ENDF/B-V 1390 Yes BNL, Eval. Dec. 1977, rev.March1982, tape561, revision2.

ENDF/B-V 6390 Yes BNL, Eval.Dec. 1977, DosimetryTape531a.
.>
t..,t
oo ENDF/B-V NA - 7902 No BNL, Eval. 1977,Activation Tape 532b, reaction not on tape.
t_

JEF 2.2 9040 No NEA,Room. June 1982. Taken_om ENDF/B-IV(MAT=1296),tape
jef-7.

JENDL-3 3905 No KinkiU., EvaLMarch1987, tape ma257.27.



Figure A-60a: 232Th(n,f)F.P.Cross Section



Figure A-60b: 232Th(n,f)EE Cross Section



Table A-61a
Alternative Cross Section Sources for the 235U(n,f)F.P.Reaction

_i_]_i_:._!___)_%=1_i_!_%ii_!_::_%%_£_ "-"-+::".............":=-................'..........='=....................................................................................................................................
ii_ii_i'!i

i _i ilii .................9228 tbd O_ Eval. Nov. 1989, Tape 121, =lease 1.
Covariance data removed from early version pending further analysis.

pre-ENDF/B- 9228 Yes ORNI.YLANL, Eval. Apr. 1989, u-235o.
VI

> GLUCS 9228 Yes ORNL, 1990 release.

oo IRDF-90 9228 Yes Taken from ENDF/B-VLt_rt

ENDF/B-V 1395 Yes BNL, Eval. April 1977, Rele__se2, 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 CCPLIE,Eval. April 1985, Dec. 1989 revision, tape ma257.77.

JEF 2.2 9228 Yes Based on ENDF/B-VI, Recom. Aug. 1990, tape jef-2.
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Table A-62a
Alternative Cross Section Sources for the 23SU(n,f)F.P.Reaction

:[_:_:_:_:_:_:_;_:_:_¢_;_:_:_:_::;_:_:_:_:_:_:_:@_:_:_:_:)_:_:_:)_::::_:`i_ :.:;:i:_:-_-)_:]I_:_:iLi!!IilI@ilIIi!!:II!I:!!ilI!!_ili!IFi!Iii!IilI:ililiiI!i!ii'-':!:!:=!i.),.l!!iili_"..(_F_:_`_<_!£_i_;:_:_J_(_]_:_]_:``_#_;;::_ ¢: ;),_:_]_9_(;_`_:_;_;_<_)£_,_:_:[`_£_:_£_]]_!_:_:_:__II!!ii'I!:i

_:_f__f:_])_:)_:_:_)_]_]_]_E_)_)_)_:_:_)[_;_:_;_;_:_:_;_:_;_ @_@`_y_£_£_:_£_)_)_`_d_`_(_ _:)_i;i#_!i_(i_i_i_i_ii_£_i'.;i.'£i!_i@iiiii:':.i_i!@li-_>".i_iili.'...-'__: , : ,c:¢__>_ii_ :_#_ _:_!_i;i:i"-::ilii

iii!ii_i__iiiiIliii!-: ilii!!!!!!i_ii iliii!iii!i]!ii!iiiii!!!iii!iiiii_l!iiiil]iiiiiiii!ii_![i!]i!iii!!11]_i[ii]i!_:211
9237 tbd ORNIJLANL, EvaL Nov. 1989, revision 1, tape 121.

Covariance data removed from early version pending review by the
commullityo

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

GLUCS 9237 Yes ORNL, 1990 Release, high energy identical to ENDF/B-VI.
k,.a

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

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

ENDF/B-V NA - 7928 No ANL, Eva]. 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 ¢vision 1 Dec. 1981, tape ma242.51.

JEF 2.2 9237 Yes JEF Collab., Eva/. June 1989. High encqgy ident/cal to ENDF/B-VI.
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Table A-63a
Alternative Cross Section Sources for the 237Np(n,f)F.P. Reaction

i_?_i!_i _i!!i_}iiiii!!fIN iiiii!i_!_!!}ii_iiiiiiili!_!iiii!_!i_N?ii!ii!i!iiiii_iiii_!
iili _ iii!!} 9346 No LANL, Eval. April 1990, revision 1.
_::i:ii_i:iiii:i_iiii:,:iiiii_!i::iiiiiilii_i_iiii:_iiiii!iiiii':_i!_i

IRDF-90 9346 No Taken from ENDF/B-VI.

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.
to

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.

private 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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Figure A-63b: 237Np(n,f)EE Cross Section
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Table A-64a
Alternative Cross Section Sources for the 239pu(n,f)F.P. Reaction

ii_i_ :jiU-_i_i_!i!!iiiiii_ili_!iiii,:::_ iil_iii:_-: _, ii:_!!ilt_iiiiiiiiii_i:_taiiii_iiliiiii_iii_}_iiiiiiiii!iiiiiii_iiiii_!iiiiiii:iiii_ii_i,i::_i_i_,i!_:it=_iiiii_iiii_iiiiiiiii_,i_,iiiiitii':iii',!iiiiiiiiii!i',iitii!i!iii_ii':tiii_i_iiiiiii!i_iiiiiiiiiilii_iii:,_i!_iittiiii::iiti_it_ii:::i!i:,t!:i:_i_',_,ii_i_:_,_',i_iii,!tiiiiii:,ii::ii:_::iiii__i_it_ii_!i_i_iiiiiiltit;!i_ii:iii!iiii!!ii!iii;::i_ii_iiti!_;i!iliiiii!iiiii!:iiiii!_i_!!_ii_iiii_i_i;i_ii_i_ili_iiiili_i;_!i_i!iii_!ii!_tii:_ii_iiiiii_!_._i_1i_i!_!ii_!_i_!_!_!_!_::ii_ii_i;iii_i_ii_i_!_!!_i!!!!ii!_i_ii_!_!_it_!_!_i!!!iiiiiiiiii!!!i

ilt_E.NDF/B-Vl_!iZi!i£iiii:.ii_itiii!:_i9437 No LANL, Eva1. April 1989.: : _.::.::: :::::::::::::::::::::::::::::::::
:. :: t :::i::7!:]:_ii,i::::.!i:!_ii!_!!!!:!i!::i:[_::+!_:!:]i!!j!i:::i

IRDF-90 9437 No Taken from ENDF/B-VI.i

i

ENDF/B-V 1399 Yes LANL, Eval. June 1983, tape 563, revision 2.

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

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

JENDL-3 Dos. 9431 Yes Toshiba evaluation March 1987. Covariance data from IRDF-85.

BROND 9421 No IHMT, Eval. Sept. 1980, tape ma242.51.

JEF 2.2 9437 No CAD/ORNL, Eval. Sept.1990, tape jef-8.



104 :

102

r._ 10_

100

10-_ ._ .......I ........I ........I ........I ........I ........I._ .......I ........I ........I ........I ........I .......
10 10 .9 104 10-? 10"6 10"5 10 10"3 10"2 10-1 10° 101 102

Neutron Energy (MeV)

Figure A-64a: 239pu(n,f)F.P.Cross Section



4

10 :_ .......1 ........I ........I ........I ........I ........I ........! ........I ........I ........1 ' '

_ __mlo_-/ ........I ........t ........J........_........J ........_",i:,"","......i'" ,....._i,,

_ 101

10_0._o 10.9 104 10-_ 104 104 104 i0 "_ 10-2 10-_ 10° 10_ 102

Neutron Energy (MeV)

Figure A-64b:239pu(n,f)F.P.Cross Section



(q) uo!_ooSssoo

A-200



2.75

dD 2.50 ,- "-..... =
I

0 2.25 I

I _
,> o 2.00 !
_o r.,¢2 !o JENDL-3

rn 1.75 ..................... i -
r,¢2
0 ENDF/B-V Dosimetry II

r_ 1.50 I -
ENDF/B-VI i

1.25 BROND ! _!
I

1.oo , i , I , l ,
o.oo 5.00 lO.OO 15.oo 20.00

Neutron Energy (MeV)

Figure A-64d: 239pu(n,f)F.P. Cross Section



Table A-65a
Alternative Cross Section Sources for the 241Am(n,f)F.P.Reaction

::::::::::::::::::::::::::::::::::::::::::::.-':_:E:.:__, _::_:_: :::._P:_:.._::::s:::::::_;_:_ .... _:_.-._....... _'_;_ _._:e:

_i_ii':ii::?::iS_iiii!i_ilii_i:isiiii_i:.:::::Siiii!i!i:':!i::ii7175ii!ii:.i!Siii::?ii'.igiii::ii::i:.2::i:.';:i_i::::g¢!ii_i_ig_i)_iigii__i=ii}:,slii:::.g_i:::i::i!!:-:.iill_ii)i::ii::::i_:::::.i:?:iis::_:,i':?_!igli.:.;g:::'jg:::,ig__gl)::!:.!i::::i_g:i_!_:__i_77:_i_i_i?s::::i_i_!_!_ii::_g::i_i::i:Ji."_-"-::_?::-i;_!i::_ii?::!i!:-?i!_'.iiil::::ii::iii_ii:?ii:._ii!:-_:i:._i:.2_ili_i:.i::._sg_i_i_ii'i_i:-ii:i4}iii!:::i¢ii;ii;i;i:::.ii:_i{?i::_'-s_i::-:!'

9543 Yes CNDC, Eval. Feb. 1988.

ENDF/B-V 1361 Yes HEDL,ORNL, Eval.April 1978, tape560, revision2, simple Max-
wegian shape.

ENDF/B-V NA -- 7951 --- HEDL,ORNL, Eval.April1978, ActivationTape532b. Only (n,¥)in

evaluation.

JEF 2.2 9543 No _ Rcom.June1982, tapejef-9. DatatakenfromKEDAK-4.t_

JENDL-3 3951 No JAERI,Eval. March1988, tapema257.28.

JENDL-3Dos. 9531 Yes Sameas JENDL-3. CovariancefromENDF/B-VL

BROND 9511 No HAR, Eval. March1980, revised Nov. 1983, tapema242.51.

IRDF-82 1009 No AERE, Eval. 1979.



Figure A-65a: 241Am(n,f)EE Cross Section
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Table A-66a
Cross Sections for the RML Enriched Uranium Fission Foil

_i:_i:,_:_:s:?N_.i_._:._i:_!i_?_:_is.''', .........,{_$_ '_i-"-;:'!::_:_-:_i.:-"-::;;""_!_ ;;_-::::.,_._:_:_i:_i*-_::_!.... : _i,_.'-_:..... _-_

23JU ENDF/B-VI 9228 0.9300 Baseline isotope.

' 234U ENDF/B-VI 9225 0.00981I !

Z_6u ENDF/B-VI 9231 0.00359

238U ENDF/B-VI 9237 0.0566

tO
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Figure A-66a: RML Enriched Uranium Fission Cross Section
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Figure A-66b: RML Enriched Uranium Fission Foil Cross Section
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Figure A-66c: Comparisonof FissionCross Sectionfor UraniumIsotopes



Table A-67a
Cross Section for the RML Depleted Uranium Fission Foil

23SU ENDF/B-VI 9237 0.9979 Baseline Isotope.

234U ENDF/B-VI 9225 0.00001

235U ENDF/B-VI 9228 0.00205 Major thermal cross section impurity.

> 236U ENDF/B-VI 9231 0.00004 l
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Table A-68a
Cross Sections for the RML Plutonium Fission Foil

239pu ENDF/B-VI 9437 0.869965 Baseline isotope.

238pu ENDF/B-VI 9428 0.0006798

24°pu ENDF/B-VI 9440 0.115968688 Component causes a shape change in dosimeter cross section.

24_pu ENDF/B-VI 9443 0.010797,>
t,J 242pU_-' ENDF/B-VI 9446 0.00235936

235U ENDF/B-VI 9228 0.000199946

237Np . ENDF_-VI _ 9346 0.00002999



1/3j.U5 _ ........ [ ........ I ........I ........I ........I .......I ........I ........I ........I ........I ........I .... "=

239pu !
104

__J 239pu

az RML Fission Foil
103 .....................................................................:

...O

_ 10 2 - •r_ 10 - -
O

In ° _ -........... _
It./

10"t ,,,,,,,,I ,,, .....I ,,, .....I ........ I ........ I ........ I ........I ..... ,,,l , .......I ........I ........ I ....... ._
10-1° 10 .9 104 10"7 10 "_ 10 .5 10-4 10-3 10"2 10-1 10° 101 102

Neutron Energy (MeV)

Figure A-68a: RML Plutonium Fission Foil Cross Section
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Table A-69a
32S-3-MeV Sensor as Calibrated in a 252CfField

iiiiii_i_iiiiiiiii!!!iii_i_iiiii!iii!l!!iiii_!iiiiiI!ii!!iiiiiiii!iii!iiiiii_!iiii_i_ii_i!i!!ii!_iii!iii_i___i!iii!_!iiii_!_i_iiiiiiii!!i!_iiiii!ii!i!iiiiiiiiiiiiiii!ili!_i_
SNLRML ! 1625 | Yes Methodology requires this response and covariance to be identical to

| the 32S(n,p)32P sensor. If the ENDF/B-VI 252Cf spectrum is assumed,

then multiply the 32S(n,p)32p values by 3.3718 to get a 252Cf 3-MeV
! fluence equivalent sensor.

t-.t
O0
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APPENDIX B

Cross Section Covariance Matrices

B-1



,- 1 II

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

10B(n,a) covariance matrix.

1

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

B-2



_/c v_ Zfor :°B(n_)
20 IRDF-90

Linear Axi¢
Rel. Standard

10 DeviaUon (X)

LoprRhmic Axle.
Energy (eV)

0 I ,"q "=q ,'11 -'=q ,'11 -..q ,-,_ ,

10-2 10° 10_ 104 10e o N
' I i I

<I

CorrelationMatrix

Key:. 1.00 -1.00
0.80 -0.80

0.60 -0.80

0.40 -0.40

020 -020

0.00 0.00

Covariancedatafor1°B(n_x)with1°B(n_x).

FigureB-2:10B(n,X)_HeCovarianceMatrix

B-3



No currentcross section libraryincludescovariancedataon llB.

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

No current cross section library includes covariance data on 10Bor llB. When this
datais availableto supportFiguresB-1 andB-3, the covariancedatacanbe com-
binedto providea matrixfor naturalboron. Since the majorcomponentof the

NatB(n,abs)reactionis the l°B(n,a), the covariancematrixfrom FigureB-2 is the
best availabledata.

Figure B-4: NatB(n,abs)Covariance Matrix
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No current cross section library includes covariance data on 1°B, I1B, or Natc.
When this data is available the covariance data can be combined to provide a

matrix for B4C. Since the majorcomponent of the EnrichedB4C(n,abs) reaction is
the 10B(n,a), the covariance matrix from Figure B-2 is the best available data.

I

Figure B-5: r_nrichedB4C(n,abs) Covariance Matrix

B-6



_Iov__.for_(n,l,,)
_:) IRDF-90

linear Axl¢
Rel. Standard

10 Deviation (Z)

Logarithmic Axi¢
EnerlLy(eV)

0
10 -2 10 0 102 10 4 10e 0 0 0

o
I

m

o

°N
o _,Ib

0
a

CorrelationMatrix

Key:. 1.00 -1.00
0.80 -0.80

0.60 -0.60

0.40 -0.40

020 -020
0.00 0.00

CovariancedataforeLi(n,t)with eLi(n,t).

Figure B-6: 6Li(n,X)*He Covariance Matrix
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_/a v_ Eforz_(n,_

1 IRDF-90

Linear Axis:
Rel. Standard
DeviaUon (Y.)

11 t LogarithmiCEnerlLy(ev)AXis:I • i I u I Iii I

lo6 1o' o _ _ N
i I . I * I

o

CorrelationMatrix

Key:. 120 -t.oo
0.80 -0.80
0.60 -0.60
0.40 -0.40
020 -0.20

0.00 0.00

Covariance data forll_n;2n)'withl_n_h_

Figure B-7: 19F(n,2n)18FCovariance Matrix
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Aa/avs E for_Na(n,7)
30 ENDF/B-VI

linear Axi_20 Rel. Standard

J Deviation (_[)
I0 Logarithmic Axle

F-- _erm, (ev)
O I '_ .wm.q ,ramI w.mq .umq wvmq .m, q ,m..q ,.m I ,mq

I0-2 I00 102 104 108 o _ _
i . I , i I t r

CorrelationMatrix

Key:. :.oo -t.oo
0.80 -0.80

0.80 -- -0.60

0.40 -- -0.40

020 -020

0.00 0.00

Covariancedatafor_Na(n,7)withtuNa(n,7).

FigureB-8:23Na(n,7)24 qaCovarianceMatrix
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Key: 1.00 -1.00
0.80 -0.80

0.60 -0.60

0.40 -0.40

0.20 -0.20

0.00 0.00

Covariancedatafor_Na(n,7)with_Na(n,7).

Figure B-8a: 23Na(n,7)2_Na Covariance Matrix
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Covariancedata for z4_,p) with z4_,p).

Figure B-9:24Mg(n,p)24 Na Covariance Matrix
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_/a v_ E for _Al(n,p)
60 GLUCS_
50 •

Linear Axis:
40 bL Standard
30 Deviation (X)

Logarithmic Ax_
10 Zneru (eV)
0
lo6 lo' o _ 8 _ _ _

i I i I . I i i . I . I
0

- g
_. _1_

• ,,,oo,,,,

• __ _

•
"4

Correlation Matrix

Key:. 1.00 -1.00
0.80 -0.80

0.60 __ -0.60

0.4o -- -0.40

020 -020

0.00 0.00

Covariance data for _Al(n,p) with :UAl(n,p).

Figure B-10: 27Al(n,p)27Mg Covariance Matrix
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_/a vs. E for _Al(n_)
20 - GLUCS-3

Linear Axle
Re]. Standard

10 [. Deviation (_)

Loprithmic AxiE
Energy (eV)

• • ! •

10e 10TM o N
. l , l

-
• <

• _

:_,_,_,','*_,,.

CorrelationMatrix

Key: 1.oo -1.oo
0.80 -0.80

0.60 -0.60

0.40 -0.40

0.20 -0.20

0.OO 0.00

CovariancedataforZTAI(n_)withZVAl(n_).

Figure B-11: 27Al(n,c_)24NaCovariance Matrix
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No currentcross section libraryincludescovariancedataall of the importantdis-
placementreactionson Natsi. Whenthe databecomes available,anattemptwill be

madeto propagatethe covarianceinformationthroughthe displacementkerma

I Illl Illl

Figure B-12: Natsi(n,X)lMeV Covariance Matrix
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_/o vs,E formP(n,p)
30" IRDF-90

Linear Axis:
20 n r] Rel. Standard

Deviation (Z)

|0 Logarithmic Axle
_eru (eV)

0
1oe 1ov o _ _

,.m ' I ' I , Io

- gb_ll_ 1 r_r---,

Ill ; "
CorrelationMatrix

Covariance data for SIp(n@)with all_n,p).

Figure B-13: 31p(n,p)3: Si Covariance Matrix
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Covariancedata for_S(n,p)with 3ZS(n,p).

FigureB-14:32S(n,p)32pCovarianceMatrix
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&:z/a vs_ E for _S(n.p)
20 - IRDF-82

I----_ Unear Axl¢Rel. Standard

Logarithmic Axis:
Energy(eV)

O • I • • i I i i |

tOa lO7 o _
'-" i I , IO'

m
, ,

Q-,.

,
O"

"_ rr -J
CorrelationMatrix

Covariancedata for_n,p) with _S(n,p).

Figure B-14a: Previous 32S(n,p)32p Covariance Matrix
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Key: 1.00 -I.00
0.80 -0.80
0.60 -0.60
0.40 -0.40

020 -0.20
0.00 0.00

Covariance data for 4_oc(n,7)with 4_n,7).

Figure B-15: 45Sc(n,_,)46ScCovariance Matrix
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W/_ v_ Zfor_*rl(n,p)
20 - GLUCS-3

linear Ax_
Rel.Standard

10 Deviation (X)

Lopd_,hmk_ Axis:
_erty(eV)

• i • •

10e 10v o S
l-*_ , I , I

CorrelationMatrix

Key: 1.00 -I.00
0.8o -o.8o
0.60 -0.60
0.40 -0.40

020 -020
0.00 0,00

Covariancedatafor4STi(n.p)with4Sri(n,p).

Figure B-16: 46Ti(n,p)46ScCovariance Matrix
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Covariance data for ¢tTi(n,p)with _Ti(n,p).

Figure B-17: 47Ti(n,p)47ScCovariance Matrix
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_1o vs.Efor_'ri(n,n'p)
30 l ENDF/B-VI

I
i
' linear Axis:

20 Rel. Standard
Deviation (R)

|0 Logarithmic Axiz
Eaeru (eV)

• w • i w' i • i
ill

1o6 lO7 o _ _
N.6 , I i I , I
o

- ¢

O'

Correlation Matrix

Covariance data for4VTi(n,n'p)with 4VTi(n,n'p).

Figure B-18: 47Ti(n,np)46Sc Covariance Matrix
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III IIIIII

No current covariancedataexists for thisreaction. The covariancedatafor the sep-

aratetitaniumreactioncanbe combined (assumingno cross correlation in !he reac-
tions cross section evaluations)to obtaina NatTi(n,X)46Sccovariancematnx. This

will be doneat a latertime. The currentversion of the SNLRMLcross section
compendiumleavesthis covariancematrix empty.

I I I

Figure B-19: NatTi(n,X)46ScCovariance Matrix
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_/o vs.Efor 'R_'i(n,p)
20 - GLUCS-3

Llnesr Axi¢

Rel. Standard

10 Oevl_Uon(_)

Logarithmic Axle
Energy(eV)

O • i'

10e 107 o _
0-* ' I I IO

g
- _

•
"4

CorrelationMatrix

Key:. 1.00 -I.00
0.80 -0.8o
0.60 -0.00
0.40 -0.40

0.20 -0.20
0.00 0.00

Covariance data for_Ti(n,p)with 40Ti(n.p).

FigureB-20:48Ti(n,p)4_ScCovarianceMatrix
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Covariance data for _mTi(njn'p) with 4STi(n,n'p_

Figure B-21: 4STi(n,np)47S(,Covariance Matrix
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I

No current covariancedataexists for this reaction. Thecovariancedatafor the sep-

a.ratetitaniumreactioncanbe combined(assumingno cross correlationin the reac-
tionscross section evaluations)to obtaina NatTi(n,X)47Sccovariancematrix. This

I will be doneat a latertime. Thecurrentversion of the SNLRMLcross section

compendiumleaves this covariancematrixempty.

Figure B-22: NatTi(n,X)47ScCovariance Matrix
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CovariancedataforeeMn(n.7)with ee_n(n,7_

FigureB-23: SSMn(n,_,)S6MIlCovarianceMatrix
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_a/. v_ Efor_Mn(n2rO
30 - ENDF/B-VI

Linear Ax_
Rel. Standard
Deviation ('4)

10" Logadthmlc Axiz
Energy(eV)

O w • • • • • • v_

t06 toTM o _ _
. I . I , I

- _
. _1

"llj ._2
CorrelationMatrix

Covariance data for 5_/n(n2n) with 5e_/n(n2n).

Figure B-24: 55Mn(n,2n)S'Mn Covariance Matrix
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Ke_ 1.00 -1.00
0.80 -0.80

0.60 -0.60

0.40 -0.40

020 -020

0.00 0.00

CovariancedataforS4Fe(n,p)withS4Fe(n,p).

Figure B-25: S4Fe(n,p)S41Vh_Covariance Matrix
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Aa/a vs. E for _Fe(n,p)
30 - GLUCS-3

Linear Axis:.
20 Rel. Standard

Deviation 01;)

10 Logarithmic Axis.
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CovariancedataforMFe(n,p)with f_F_n,p).

Figure B-26: S6Fe(n,p)S61VhlCovariance Matrix
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CorrelationMatrix
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Covariance data for_Fe(n,7)with _b(n,7).

Figure B-27: 58Fe(n,y)S9Fe Covariance Matrix
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Covariancedatafor_l_n,7)with_Fe(n,7).

FigureB-27a:SSFe(n,y)s'_PFE_CovarianceMatrix
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Illll I I II I I II II Ill I I I Ill I lll I .....

No currentcross section libraryincludescovariancedataon NatFe(n,X)dpa.Since
this quantityis generallytreatedas anexposureparameter,a covariancematrixis
not appropriate.The covarianceshouldrelatethe exposureparameterto a specific

damagemechanism/measure.

Ill I I Ill I I I I I II I I

Figure B-28: NatFe(n,X)dpa Covariance Matrix
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Covariancedatafor_Co(n,p)with_._o(n,p).

FigureB-29:SgCo(n,p)S_PFeCovarianceMatrix
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Covariancedatafor_-_(n,7)with_o(n,7).

Figure B-30: 59Co(nj_6°CoCovariance Matrix
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Covariance data for mCo(n_)with 5eCo(n_

Figure B.31: SgCo(n,cc)s6M_tCovariance Matrix
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_/a vs._.for_Co(n_)
50 - IRDF.90

=

40
. Linear Ax_

30 hi. Standard
• Deviation(X)

2O
- LogarithmicAxiz

10 Energy(eV)

O • " i' • • • • • 1 |

1os 1o' o _ 8 _ _
l...* , I , I , I ' I I |0

- g

CorrelationMatrix

CovariancedataformCo(n_RrOwith_.._qn_

Figure B-32: 59Co(n,2n)5_C,_Covariance Matrix
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_/_ vs.Efor_i(n,p)
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Covariance data for_qi(n,p) with SeNi(n,p).

Figure B-33: SSNi(n,p)S_Co Covariance Matrix
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Aa/o vs. E for _Ni(n_n)
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Covariance data for m_lqi(n_2n) with Selqi(n_2n_

Figure B-34: 58Ni(n,2n)STNiCovariance Matrix
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Covariance data for e°Ni(n.p) with e°Ni(n,p).

Figure B-35: 6°Ni(n,p)6°Co Covariance Matrix
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Covariancedata for eSCu(n,7)with SScu(n,7_

Figure B-36: 63Cu(n,_,)64Cu,Covariance Matrix
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Covariancedata for¢_2u(n_n)with e3Cu(n2n).

Figure B-37: 63Cu(n,2n)6:'"a Covariance Matrix
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Covariancedata fore:_(n_) with S:_u(n_).

Figure B-38: 63Cu(n,ct)66CoCovariance Matrix
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_/o v_ Efor"_u(n_-°n)
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Covariance data for SSCu(n_n) with _u(n_n).

Figure B-39: 65Cu(n,2n_°4Cu Covariance Matrix
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_/o vs.Efor_Zn(n,p)
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Covariancedatafore4Zn(n.p)withe4Zn(n,p).

FigureB-40:64Zn(n,p)6'IC_LCovarianceMatrix
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Covariance data for _/.x(n2n) with _/._n_2n).

Figure B-41: 9°Zr(n,2n)S!'zI, Covariance Matrix
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II I III I I

No current cross section library includes covariance data all of the important dis-
placement reactions on NatGaand NatAs. When the data becomes available, an

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

I I I I

Figure B-42: GaAs(n,X)IMeV Covariance Matrix
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Covariancedatafor°3Nb(n,7)with°3Nb(n,7).

Figure B-43: 93Nb(n,_,)94NhCovariance Matrix
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Ao/_vs. Efor"_Nb(n_n)
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Covariance data for°SNb(n_2n)with 9SNb(n2n).

Figure B-44: 93Nb(n,2n)92mI_!b Covariance Matrix
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Ao/o vs. Z for '_Nb(n,n °I)
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Covariancedata fore3Nb(n,n'I)with'3Nl_n,n'I).

FigureB-45:9aNb(n,n')9:_mNbCovarianceMatrix
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i IIIII II I I I I I IIII II II II ' I IIII •

No current cross section library includes covariance data on 98Mo(n,¥)99Mo. When !
the data becomes available, an attemptwill be made to provide the covariance infor- i

Figure B-46: Mo Covariance Matrix
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Covariancedatafor1°3Rh(nj_'l)witht°aRh(n.n' I).

Figure B-47: l°3Rh(n,n')l°;'m'?,h Covariance Matrix
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I

No current cross section library includes covariance data on 109Ag(n,y)ll0mAg.
When the data becomes available, an attempt will be made to provide the covari-

ance information in the SNLRML cross section library.

i i i I I

Figure B-48: l°gAg(n,_)n°mAg Covariance Matrix
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I I I

No current cross section library includes covariance data on any of the important
absorption reactions on cadmium. When databecomes available, it will be included

in the SNLRML library.

II II I Illll I I

Figure B-49: Natcd(n,abs) Covariance Matrix
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Covariancedata fornSIn(n,7)with nSln(n,7).

Figure B-50: llSIn(n,_,)ll_mI] Covariance Matrix
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Aa/a vs. E for il_In(n,n' 1)
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Covariancedata fornSln(n,n'I)with nrqn(njn'I).

Figure B-51: 115In(n,n')11sml:n Covariance Matrix
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_/o vs. E for I_l(n_n)
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Covariance data for t_l(n_n) with l_Vl(n_n).

FigureB-52:1271(n,2n)1261CovarianceMatrix
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I I I I

No current cross section library includes covariance data on 197Au(n,p)197pt.

When the data becomes available, an attempt will be made to provide the covari-
ance information in the SNLRML cross section library.

197Au ' ,,,,Figure B-53: (n,p)197pt Covariance Matrix
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Covariancedatafort_VAu(n,7)witht_TAu(n,7).

Figure B-54: 197Au(n,y)198AuCovariance Matrix
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_/a vs. E for lWAu(n2n)
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Covariancedata fortgVAu(n2n)with tgVAu(n_2n).

Figure B-55: 197Au(n,2n)196Au Covariance Matrix
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I III I I II

No current cross section library includes covariance data on 197Au(n,3n)195Au. I

When the data becomes available, an attempt wdl be made to provide the covari-
ante information in the SNLRML cross section library.

I III IIIII

Figure B-56: 197Au(n,3n)195Au Covarlance Matrix
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illll illl i IlllllIlll I Ill II I I I I I

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,?) 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,?)198Au 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).

................ I A I -- m I 'IM[rR q IJlFigure B-57: Nat u(n,abs) Covariance Matrix
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II II I I I Illl

No covariance data exists in any cross section libraryfor the 232Th(n,2n)231Th !reaction. If data becomes available, the SNLRML library will be updated.

I I I --

Figure B-59: 232Th(n,2n)2_lTh Covariance Matrix
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Au/a v_ E for _l'h(nJ)
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Covariance data for Z_rh(n,0 with z3_Th(n,0.

Figure B-60: 232Th(n,f)FPCovariance Matrix
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Covariance data form:_U(n.f)with _JSU(n,f).

Figure B-61: 23SU(n,f)FP Covariance Matrix
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Covariance data for _U(n,f) with _U(n,f).

Figure B-62: 23SU(n,f)FP Covariance Matrix
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Covariancedatafor_Np(n,O with_aVNp(n.O.

Figure B-63: 237Np(n,f)FP Covariance Matrix
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Covariancedatafor_gPu(n,Owith _SgPu(n,f).

Figure B-64: :39Pu(n,f)FP Covariance Matrix
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Correlation Matrix

Covariance data for _4tAm(n,O with _IAm(nJ_.

Figure B-65: 241Am(n,0FP Covariance Matrix
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i Covariance datawas in this document reaction. Since it

presented for235U(n,f)FP
is the major responding reaction in this sensor it should be used for all uncertainty

processing. The 2aSU(n,f)FP covariance matrix appears in the SNLRML library for

this sensor.
I

Figure B-66: RML Enriched Uranium Fission Covari.
ance Matrix
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II III

Covariance datawas presentedin this documentfor 238U(n,f)FP reaction. Since it
is the majorresponding reactionin this sensor (if it is used correctly) it should be
used for all uncertainty processing. The 238U(n,f)FPcovariancematrixappears in

the SNLRMLlibraryfor this sensor.

III I I

Figure B-67: RML Depleted Uranium Fission Foil Co-
variance Matrix
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I I I I I I IIII II

Covariance datawas presentedin thisdocumentfor 239pu(n,f)FP reaction. Since it
is the majorrespondingreactionin this sensor it should be used for all uncertainty
processing. The 239pu(n,f)FPcovariancematrixappearsin the SNLRMLlibrary

for this sensor.

I I

Figure B-68: RML Plutonium Fission Foil Covariance
Matrix
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Covariancedatawas presentedin this documentfor 32S(n,p)32preaction. This sen-
sor is identical in shape to the 32S(n,p)32psensor and variesonly in a normalization

that is attributableto the counting calibrationmethodology.

Figure B-69: S-3MeV Covariance Matrix
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SNLRML Dosimetry Reaction Constants

C-1



Table C-1
SNLRML Dosimetry Reaction Constants

2. I°B(n,4He)X 10.81 19.9 +12050.8 ......

3. 11B(n,abs) 10.81 80.1 +8668.0 ......

4. NatB(n,abs) 10.81 ...........

5. endchedB4C(n,abs) 10.46835 ...........
to 6. 6Li(n,4He) 6.941 7.5 +14085.6 ......

7. 19F(n,2n)lSF 18.998403 100.0 -1487.40 1.8295 hr <EI5+>=249.8 100.0

8. 23Na(n,y)24Na 22.98977 100.0 -8419.5 0.62356 d 1368.633 99.9936
2754.030 99.855

9. 24Mg(n,p)24Na 24.305 78.99 -13933.1 0.62356 d 1368.633 99.9936
2754.030 99.855

10. 27Al(n,p)27Mg 26.98154 100.0 -17196.8 9.462 m 843.76 71.8
1014.44 28.0

11. 27Al(n,a)24Na 26.98154 100.0 -17196.8 0.62356 d 1368.633 99.9936
2754.030 99.855

12. NatSi(n,X)IMEV 28.0855 100.0 .......



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

__i_i iiiii_ili__i_ii_i_iiiiiiiilliiii!iiiiiiiiiiii!iiiii!_!_ii!iiiiiii!i_iiiiii!iiiiiii_iiiiiiiiii_!iiiii!_iiiiiiiiii!ii!iii_iii!_iiiii!i_i_i_ii!i!_!ii_i!iiii!!ii_!i_ii!i!:i_i!(__i_i!_i
i ili!!!iiii!i i; !iiii!i/iiii!  iill i; !!:!-;ii!i!iiiiiiiiiiii. i! ili

<E0>=595.6 99.93

--i4-_---3-22S(n,p)32-P............3-2.06.......95.02 -_16._ ........_d <--_:6_--.9--"? ........_...............
---15-.....45-Sc(-n,y)-_C-.................44.9559 100.0 _41--06_}.9 .....83.-7-9d 889_2_ .......i.........._9.--9-_,4........

1120.545 99.9874
........................................................................................................................................................ I ...................

i6_ 4_l(n,p)46Sc 47.88 I 8.0 ! --44125.7 83.79d 889.277 99.9844

, t 1120.545 l 99.9874
i-_i-47_(n,p)_%C-.................-4___ ........__3.............-----_---6i_9-....................-3_h-Td---'....._ .........I..........._ .......
i-S. --4-7_(nlnp)46Sc .......... ,47.88 ........ "1'3-..... i- -._.931. 9-..... i " 8339 d-...... --8-_.:2;77........!..... _:)-_----84_,..........

j 1120345 99.9874
-_. _-(n,_('j_Sc .... 4-7-_8 i-_.O ................. _-- ................ 83'79ci-....................._'27'1 ...... " ...... ttxl-............

1i 1120.545 tbd

1037322 97.5
1312.102 100.0

21. 4_(n,np)47Sc _1 47.88 73.8 - -48487.1 3.345 d 159.381 67.9

22. Nat'Ii(n'X)47Sc 1--47"88 i 100.0 -- 3.345 d 159.381 tbd



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

iiliiiiii!i!i!ili!iiiii!iiiiiiiiiii!!_!i!!i!iiiili!!iiiiiiil}! iii!iii!iiii!ii!!!!iii_ii!!!¢ili!i!!i!ili!i!iiiii!}!_i!ii_iiiii!iii!iiii!il I
23. 55Mn(n,¥)56M_ 54.93805 100.0 -57709.2 2.5785 !_ 846.'/54 98.$7

1810.72 27.18925

2113.05 14.33615

99.975824. 55Mn(n,2n)54Mn 54.93805 100.0 -57709.2 312.3 d 834.843

25. 54Fe.(It,p)54Mn 55.847 5.9 -56250.8 312.3 d 834.843 99.9758

--26. .... 56Fe(n,p)56Mn 55.847 91.72 -60604.1 2.5785 hr 846.754 98.87
-_ 1810.72 27.18925

2113.05 14.33615

27. 58Fe(n,¥)59Fe 55.847 0.28 -62152.2 44.496 d 1099.251 56.5
1291.596 43.2
1481.7 0.059

28. natFe(n,X)dpa 55.847 .......

29. 59Co(n,p)59Fe 58.93320 100.0 -62226.5 44.496 d 1099.251 56_
1291.596 43.2

1481.7 0.059



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

+++iil}!++!!ii!ii+++++R_miOn++!!)i:.;}+iii}i)+++!)};+!_j+?i++i+_]+_N ++++++++:'++++!:+_"_+++++++++_+_:+++_+::_+++++_++i++++i"+i+i+i++

+++++++++_i+a_++_+++++++ .+
+i4iii++ !iii+++iii i+ il

30. 59Co(n,v)60Co 58.93320 Z00.0 -62226.5 19252 d 1173.238 99.857
1332.502 99.983

10.47 m 58.603 2.01

(meta) 826.28 0.00768
1332.501 0.24
2158.77 0.00072

3i:---I 5Y-_-__.O(_,+_)_iVin............ 58.9:3_320........... 1-00.-0.................. -622-_ ...................2._5-785-h-...... 846.754 98.87
1810.72 27.18925
2113.05 14.33615

---:32-_+- +O_n,--2n)5-8-rUO........... 58_93_320 ....... 1-01).-o............... '62_-.5-- ..............+_7().8-6-d-+............ 810.775 -- ---9<).-J,5- .......
863.959 0.69
1674.730 0.519

9.15 h (meta) 24.889 0.0369

- 33_-- + 58N-i(_p:)51+_ ............ 58.6934 - _8.o77 ....... --6()2251_i......... 70.8_i-d...... 810:775- ......... 99:45-
863.959 0.69
1674.730 0.519

9.15 h (meta) 24.889 0.0369

34. 58Ni(n,2n)5"_Ni 58.6934 68.077 -60225.1 35.65 h 1377.63 81.7
1919.52 12.255



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

35. _i(n,p)_C_ 58.6934 26.223 -64470.7 1925.5 d 1173.238 99.857
1332.5112 99.983

10.47 m 58.6113 2.01

(meta) 826.28 0.00768
1332.501 024

2158.77 0.00072

36. 63Cu(n,¥)64Cu 63.546 69.17 -65578.7 12.701 h 1345.77 0.47336O_

37. 63Cu(n,2n)62Cu 63.546 69.17 -65578.7 9.74 m 1173.02 0.335
875.71 0.147

38. 63Cu(n,cz)60Co 63.546 69.17 -65578.7 1925.5 1173.238 99.857
1332.502 99.983

10.47 m 58.603 2.01

(meta) 826.33 0.0058
1332.501 0.25
2158.86 0.00088

39. 65Cu(n_2a)64Cu 63.546 30.83 -67261.0 12.701 h 1345.77 0.4733640. 64Zn(n,p)64Cu 65.39 48.6 -66001.7 12.701 h I 1345.77 0.47336



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

!i!?:.!_:i;!ii_iii_iiii:i_i!_:iiiiii+:_i!_i;i,;:i!_:,_i_::_:_!!ii;,i_!_::i_:iii_i+_ii:!ii_iii!i!iiiii':iiiii!?iii!i_!i:_ii',_:,i:_ii!:,i!i_i_i_:!_ii_!ii!!!::?ii_:i!_:_nd_ii!i!i:N__i_:_):!_:iii'iii';il;ii!i!i}i;iiiiiiiii!ii!iil}ii!i!!;il!ii_!i_4!_ii!!iiiiiiiili!i_,)!iiiii!'iiii!!i_ii_ii:_[__ii_=__
_ii:i::!i_:_iii:!!i_il;i :i_iiiiiliiiii_illiiiiiiii!iii_ii!_!ii!iiii!i_i!_ii::_!:!:_i?:::'::::(_>!!_!_iiiii!!ii!iii_i_i_iiii_O:::iiii:,ii!:iiiiii!!il........................................:::-::+_,++_:+,+_,+++_,+:,:,+.,,,+:+,,+,:__+_+++++,:.+,,,,+++,+,++_,

mz8 I o._m4
1744.47 I 0.128833

4.18 m 1507.3 I 6.075
[

(meta) I _-------"

•-4 43. 93Nb(n,T194mNb 92.90638 100 -87209.8 . 871:119 V'O:;O
992.75 0.00075

1863.84 6.6x10 "5

-44" 93_(n,2n-)92/nNb - 92.90638 i-00:().........._.........-87-209:8..... 10.i5d ......... 93,_:_,4.............. __137-..........
912.6 1.78326

1847.33 0.852

16.52 (Ktxl,2) 9.25

778. 4.34254
103 , 103m

---47-:--- __,_ 102.90550 - 100.0 -88027.0 56.12m 39.-:.",.- 0.0684



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

!!i!iiiiiiiiii!iiii!iii!!iiiii!!!iiiiiiiiii!iliiiili!iii!_iii!i!!!iii!!ili_iiiii!!!!!i!!_ii_i_i_i!!i:_iiiii!i__iiiiiii"i!i ii__ii _ i_"_iiiiiiiiiiiiiiii!_!ii_i_:_i_i_i
!iiiiiiiiiiiiiiii!ii_i_iiiiiD_i:_'e_!:i if:i!!:!iii!!i ii:!Atomiei_ i !iiii!__iii_ii ili_iiii!iiiii_iN_ iiiiiii:ii4i_iiilliiiii!i!!i?i iiiii_i41iiii!ii_iiii_ili ii_iii_ii _ii__

)ii ii! iil ,; "eac_ionsii ili;i i i iiilwe!ghti iili!'_!iiii)iiN__i!iiiii!ili iiii}ililili}i_{iiii!_:_i}!-iiiii_!ii_!iiiliiiiiiiiiii!}i!}iiiiii_iii_iiii_iiiiiill_ii))!iii iiiiiiiiiii}iii)}i}iliiiiiiii[ili_i _i_i!ii)i_i

ii_!i':!iii_:ii?!ii!iiii!ii!!:i!!?iiiiii!ilili!ii!_iii_b_a'_;i!i !iiii!i_g61!_!'_q;ili_iiii',iiiiiii_!iiiiiii!iiiiii!iiii!i_iiii!i!ii!!iiiiil'iii_!i_i!iii!_i_ii_!!_i!_!iii_iiiiiii_i_ii:iii_i_i_i_i'_!ii_i_i_eilNl!iiiili!!!ii!iiiiiiiii iliiiliiiii!iii!ii!!iiiiiiiiiiiii!iiii!i!!iili!!i!iii:?i!i!iiii!iii!i!;iiii!i(_!i!iiiiiiiiii_iii_iiii!ii!iiiii!iii!ii!i_iiiiiiii_iiiiii_ii_i!_!!!Ni!_iiiii_iiiiili_iii!_iiiiiiiiiiiiil;i_i!!_ii!!ii?
_i8_ i_Ag(n;_iii_Ag........ .................1;7£8;82 .................481161...............................:88:7_i0 ...................249.76 d 116.48 0.00799

884.684 72.7
937.493 34.1314
1384.300 24.1204
1505.040 12.9532
1475.788 3.96868

m) ....

& 49. natcd(n,abs) 112.411 ....................
!:

50. ll5In(n,y)ll6mIn 114.82 95.7 -89534.0 54.41 m 1293.54 84.4
1097.3 56.2104
818.7 11.4784

2112.1 15.5296

51. ll5In(n,n')ll5mIn 114.82 95.7 -89534.0 4.486 h 336.241 45.9
497.370 0.047

52. 127I(n,2n)126I 126.90447 100.0 -88984.0 13.02 d 753.819 4.1514
388.633 33.99
666.331 33.00

53. l_7Au(n,p)l_Tpt 196.96654 100.0 -31165.0 18.3h 268.78 0.2331
191.437 3.7

95.41m ......

(meta)



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

._<_._<_..`.i_::_:_.;_.i_:_.;_:_?.._._._ ::::::::::::::::::::::::::::::::::::::::::::: ,_..,_-'-×.> - , _ ,.':'-:_<_-i'_._:_._;_.:_._4_:::"::_ii:_!iii:i_.:-_-:_-_;_fi_:_.]

54. 197Au(n,?)198Au 196.96654 100.0 -31165.0 2.6943 d 1087.6904 0.159045
' 675.8874 0.8038278

411.8044 95.57

55. 197Au(n,En)i-O6Au....... 196.96654 ...... 100_0 .... -31165.0 6.183 d 1091.4 0.14877
1005.7 0.002697
355.68 87.

....................... - .........

56. 197Au(n,3n)195Au 196.96654 100.0 -31165.0 186.09 d 211.36 0.0109
199.46 0.008611

129.757 0.8175

....57_-- -Natgu(n_absi .............. 196.96654 ...........---- .......... ---- _....-----........ ---- -t _ ----
--58--- -_(n,.y)233;_. ................23-:2._8i- ........ ioo](} ..... 35444.4 ....... 22.3 m 890.1 0.14

490.80 0.17
499.02 0.21
669.901 0.68
764.4 0.120

59. 232Th(n,2n)231Th 232.0381 100.0 35444.4 25.52 h 311.00 0.0029
217.94 0.040

102.270 0.41
I



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

60. 232Th(n,f)95Zr 232.0381 100.0 ........................35_A .............................. 5.67313(PC'Y)

3.84804E-3 (RI)
232Th(n,f)99Mo 2.95528 (RC)

1.09001E-4(RI)
232"rh(n,f)14°Ba 7.87647 (PC)

4.82795E-2 (RI)
232Th(n,f) 141Ce 7.48275 (RC)

2.4400E-7 (pI)
232Th(n,f)14°La 7.87649 (RC)

2.71003E-5 (ILl)

61. 235U(n,f)95Zr 238.0289 0.720 40915.5 ...... 6.42554 (PC)
2.93502E-2 (RI)

235U(n,f)99Mo 5.91653 (RC)
2.18602E-3 (RI)

235U(n,f)140Ba 5.98741 (PC)
4.72o7m-1(Rt)

235U(n,0 141ce 5.94622 (PC)

3.16002E-5(RI)
235U(n,f)14°La 5.98872 (PC)

1.31401E-3 (RI)



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

!i':iiiiiiiii_)iiii!ililiiii___ii!i_iiNiiiiiii}':ii_im_Niiii!:.ilii)il)ii4i_'_'__i!iiliiiiiiili_ii_iN!!!iiii!ii!i))ii

__ _'_ ...........99.2745 47306.0 ...... 5.15126 (RC)
7.88021E-4 (ILl)

238U(n,f)99Mo 6.18839 (RC)
2.39006E-5 (RI)

238U(n,f)14°Ba 5.84596 (RC)
2.57317E-2 (R_r)

2 238U(n,f) 141Ce 5.37935 (RC)4.51012E-8 (RI)
238U(n,f)la0La I 5.84597 (RC)

a.38oo4_-5(_,s)
63. -237-1_p(n_f)95Zr............. 2371 .... 44868.3 ............ _S ........................._-._............ 5_68896 (RC)

6.a647_-2_r_
237Np(n,f)99Mo 6.11547 (RC)

6.54700E-3 (RI)
237Np(n,f)140Ba 5.47246 (RC)

5.83709E-1 (RI)
237Np(n,f)141Ce 5.47689 (RC)

8.6300E-5 (Ri)
237Np(n,f)14°La 5.47688 (RC)

] I 4.4210E-5 (RI)



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

....ii_ili..........!ii_ii!ii!!i_i;_iiiiiiiiiiiiii_!i_ii!!iiiiiii_iii!_i!_!i_iiii_!_i_.:_i__ii<i_ii__ii_ii_ii_iii_i_ii_iiii:::_iiiiiiii__iii_i_ii_iiiii!iiiiiiii_i_:i_!ii_iiiiiiiiiiiii!iii_i!....

!i !!iiii!!!!i!!i!ili!iii!iiiiii!iiiiiiiiii_iii_iiii!iiiiii_iil!__'!i!! illii!i_!i!i!iiii_iiiiiiiiiiiiiiiii_iiiii!!!!iiliii!i!iii_iiiiliiiiiiiiii_iiii_iiiiiiiiiii_iiii_i_ii!i!iiiiiiii!iilliiiiii!iiiiiii_iiiliiii!!iiii!!ii!!ii!ii!!ii!illiiiiii!!!i!i!!i
64. 239pu(n,f)95Zr 244. --- 48584.9 ..... 4.65413 (RC)

7.94561E-2 (RI)
239pu(n,f)99Mo 5.95472 (RC)

1.6212E-2 (RI)
239pu(n,f)140Ba 5.31538 (RC)

9.4334E-1 (RI)
239pu(n,f)141Ce 5.15886 (RC)

2.71004E-4 (RI)

239pu(n,f)14°La 5.32713 (RC)

I 1.17572E-2 (RI)

65. 241Am(n,f)95Zr 243. ---- 52931.2 ...... 3.75501 (RC)
1.04484E-1 (RI)

241Am(n, f)99Mo 5.40483 (RC)
1.98844E-2 (RI)

241Am(n,f)14°Ba 4.99172 (RC)
1.10761 (RI)

241Am(n,f)141Ce 4.75360 (RC)
7.28014E-4 (RI)

241Am(n,f)14°La 5.01242 (RC)
2.07034E-2 (RI)



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

....:;.':::::_::;I;_:_:;::::.'.::Y,('.:;:_;::.:;.'.7::::;;_:::;'.:::::::.i_:_!'_!:__";_:;_::_-:e_-i_i_":_;":_;_:__ _s_:_':_;_"_:_:_'_;_':i_'-i__'___....

::i:!:_:i:_S_;_:!:!:_:[:_:_:.":i:i:i:-..::::_:.:.............,..... ,.......,....., ......_._..._.,._...._........ ,..,...:_

66. RML 235U(n,0_40Ba 235.20787 ........ 5.98624 (RC)
(SPR3CAV18, B4C) 0.468384 (RI)

RML 235U(n,0_40Ba 5.98383 (RC)
(ACF9, B4C) 0.471534 (RI)

RML 235U(n,014°La 5.98754 (RC)
(SPR3CAV18, B4C) 1.30327E-3 (RI)

2 RML 235U(n,014°La 5.98514 (RC)
t_ (ACF9, B4C) 1.31248E-3 (RI)

- -6:/.-..... Rl_ 238U(n,f)14°Ba 238.0445 ............ 5.84729 (RC)
(SPR3CAV18, B4C) 3o2321E-2 (RI)

RML 238U(n,f)14°Ba 5.84548 (RC)

(ACF9, B4C) 2.66776E-2 (RI)
RML 238U(n,f)14°La 5.84732 (RC)

(SPR3C/W18, B_4C) 3.3002E-5 (RI)
RML 238U(n,f)14°La 5.845496 (RC)

(ACF9, B4C) 1.6564E-5 (RI)



Table C-1 (Continued)
SNLRML Dosimetry Reaction Constants

!!iil!i_ii_!!!@iz!!Sii_i_ii_!_iii_!iii!i'_i_iii_ili@ii%_ii_i _@.i',_

!{iiii£!i iii!iL!:ii!  iBi !ii  }ii{iiiiii!!@ii
68. RML 239pu(n,f)140Ba 238.688 ............ 5.29852 (RC)

(SPR3CAV18, B4C) 9.21266E-1 (RI)
RML 239pu(n,f)14°Ba 5.29617 (RC)

(ACF9, B4C) 9.15152E-1 (RI)
RML 239pu(n,f)14°La 5.29877 (RC)
(SPR3CAVI8, B4C) 1.11687E-2 (RI)

£ RML 239pu(n,f)14°La 5.30728 (RC)
"_ (ACF9, B4C) 1.111672-2 (RI)

69. 32S(n,X) 3MeV 32.06 95.02 -26016.18 I 14.26 d <E11>=694.9 100.



APPENDIX D

Dosimetry Sensor Sensitive Energy Region

D-1



Table D-1

Sensor Response Region for SPR-HI Central Cavity
(SPR3CAV18 Spectrum)

_ii_,,_/,iiii!i!ii!ii!!!i'_ii_!_i!i!__!iiiiii!i!_!'_71i!iii!ii_,ii!iiiii!ii!!iiii!ii!!!i!_,!iiiii!!_,!i',!i!ii_i!ili_i_i!i_iii_ii!!i!_s__ iili!ii!i'_!iiii!iii_'!:_!!!iiiiiiiiiii!ii!iiiill!i_!

_::_i_ ' _ ii[_:il(dp/_pU_euS)_i_._ n_:_:_::_i_:_::::_,_i ii i:::_!_i:_iiii:iiii,i__i::_,_,i_,_i::_i_i_i_i,_,i_iilliii_:!ii'_iiii!!iii':......!:gYii!iiiiiiii .............,gY!iiiiiiiiiiiiiii_:

iiiiii!i!iiiii!ii:iii:iiiiiiiiii:ii:i:ij:i:i_i,i,i:i!!!!ii:!iii!ii_]i;!:i:i!_iii_i_!!ii_ii!i!iii.!iiiiii:il;!ii:_i_iii:i:i_i_i:ii::!i(e_ !iiiiiii!i:ii!!:!i:(Me_ii!i_iiiiiiiiiiiiiii!ii!ii!iii

Z°B(n,ct)X 1.212E-24 1.350E-08 2.900E+00 7.098E-25 5.000E-02 3.700E+00

6Li(n,a)X 7.846E-25 3.600E-08 4.200E+00 6.116E-25 1.000E-01 4.500E+00

DF(n,2n)18F 4.118E-34 1.190E+01 1.730E+01 4.017E-34 1.190E+01 1.730E+01

¢o 23Na(n,_,)E4Na 6.360E-33 4.250E-08 2.600E+00 4.877E-33 5.250E-02 2.900E+00

24Mg(n,p)24Na 9.727E-33 6.500E+00 1.160E+01 9.386E-33 6_500E+00 1.160E+01

27Al(n,p)E7Mg 2.517E-30 3.500E+00 9.100E+00 2.416E-30 3.500E+00 9.200E+00

27Al(n,ot)24Na 4.486E-33 6.400E+00 1.200E+01 4.332E-33 6.400E+00 1.200E+01

28Si(n,lMeV)X 8.193E-01 2.000E-01 5.200E+00 7.707E-01 2.100E-01 5.300E+00

3]P(n,p)31Si 1.080E-30 2.200E+00 7.100E+00 1.034E-30 2.200E+00 7.200E+00

32S(n,p)32p 1.862E-32 2.300E+00 7.200E+00 1.781E-32 2.300E+00 7_300E+00

45Sc(n,y)46Sc 1.284E-33 2.100E-08 1.300E+00 8.683E-34 3.800E-02 1.500E+00

4_(n,p)46Sc 5.144E-34 3.800E+00 9.300E+00 4.937E-34 3.800E+00 9.300E+00

47Ti(n,p)47Sc 2.258E-32 1.700E+00 7.500E+00 2.161E-32 1.700E+00 7.500E+00

47Ti(n,np)46Sc 4.912E-37 1.150E+01 1.770E+01 4.795E-37 1.150E+01 1.780E+01
...`_:.:.:.:_:_:_:.:._..`::::::._::_.::::::_:_::::_i._._:_::_:_:._:_.:_._§_:_:_:i:_:_:_:_!_._-_--..-::_._-_:_.::._._:::::-'.:_::::_:i:.::::.::.;:_:_-:_:i_"" _'__:_._-_'->::_'_ _.:_,:_::--_i. _ .:.:._:-_:.:,i,_:._@:';::':!_:i:_::-'-:_:-:_@:'_-__:_ :_



Table D-1 (Continued)
Sensor Response Region for SPR-HI Central Cavity

(SPR3CAV18 Spectrum)

iiiiii!_iiiiiiii_,,:_iiiiii_ii_iiiiiiiiii_i_!i_.iiiiiiiiiiiiii_ii,iiiii_._iiiiiiiii!!ii!iiiiiiiiL..i.:_..........g_iiiii!_',_iiiilili!_iiii_iiiilL..,......gY_iiiiiiiii!ii_i
i_i!ili_i!iiiiii_ii!!iiiiii!!!!!ii!i!iliiiiiiiiililii!_iii_n_!i!ii!iiiii_ _!!!!iiii!iiiiii!

natT_(n,X)_Sc 5.147E-34 3.800E+00 9.300E+00 4.940E-34 3.800E+00 9.300E+00

4_](n,p)48Sc 6.029E-34 5.900E+00 1.230E+01 5.818E-34 5.900E+00 1.230E+01

48Ti(n,np)47Sc 2.090E-36 1.230E+01 1.840E+01 2.041E-36 1.230E+01 1.840E+01

natTi(n,X)47Sc 2.261E-32 1.700E+00 7.500E+00 2.163E-32 1.700E+00 7.500E+00

t_ 55Mn(n,?)5_ 5.416E-31 2.300E-08 1.800E+00 3.137E-31 3.000E-02 2.400E+00

55Mn(n,2n)54Mn 3.003E-36 1.100E+01 1.600E+01 2.926E-36 1.100E+01 1.600E+01

54Fe,(n,p)54Mn 1.068E-33 2.300E+00 7.400E+00 1.022E-33 2.300E+00 7.400E+00

56Fe(n,p)5_ 4.014E-32 5.500E+00 1.120E+01 3.867E-32 5.500E+00 1.120E+01

58Fe(n,¥)59Fe 7.347E-34 3.600E-04 2.300E+00 6.028E-34 4.250E-02 2.400E+00

Fe(n,X)dpa 5.880E-22 2.400E-01 6.000E+00 5.562E-22 2.700E-01 6.000E+00

59Co(n,p)59Fe 1.328E-34 3.500E+00 9.500E+00 1.274E-34 3.500E+00 9.500E+00

59Co(n,y)6°Co 6.549E-35 1.800E-08 1.400E+00 2.721E-35 5.500E-02 2.300E+00

59Co(n,_)5 _6Mn 5.728E-33 5.700E+00 1.200E+01 5.526E-33 5.700E+00 1.210E+01

59Co(n,2n)58Co 1.148E-35 1.130E+01 1.620E+01 1.118E-35 1.130E+01 1.620E+01



Table D-1 (Continued)
Sensor Response Region for SPR-IH Central Cavity

(SPR3CAV18 Spectrum)
ij!i_i!ii!!ili!iiiiiii_ii_!!_!_!!!!!ii_i!!_!i!i!i_i!Qi_!_!!_!_!_!_!!_i!_!!ii!i!_i!!!!!i_!_!_i!_i_iii!_i_!_i_i!!i_!ii_!!ii!i_ii_!i_!i!iiii_!!_`:_!!_!_iii!_!_iii!_i_i_ii_i__ii_!__i;!ii_iiii!!ii!i!_!ii_iiii_i!iiiiiiiiiii_illiiiii!iii!iiii!ii_i!i!_,/...,_ _! iil

58Ni(n,2n)59Ni 1.070E-35 1.310E+01 1.800E+01 1.045E-35 1.310E+01 1.800E+01
....

6°Ni(n,p)6°Co 4.226E-36 4.800E+00 1.070E+01 4.068E-36 4.800E+00 1.070E+01

63Cu(n,y)64Cu 2.534E-31 4.250E-03 2.400E+00 2.122E-31 4.750E-02 2.600E+00

63Cu(n,2n)64Cu 5.697E-32 1.190E+01 1.700E+01 5.556E-32 1.190E+01 1.710E+01

._ 63Cu(n,ot)60Co 1.127E-36 4.600E+00 1.090E+01 1.085E-36 4.600E+00 1.090E+01

65Cu(n,2n)64Cu 2.524E-33 1.080E+01 1_590E+01 2.458E-33 1.080E+01 1_590E+01

64Zn(n,p)64Cu 2.998E-31 2.400E+00 7.400E+00 2.869E-31 2.400E+00 7.400E+00

9°Zr(n,2a)89Zr 1.198E-34 1.270E+01 1.750E+01 1.170E-34 1.270E+01 1.750E+01....

GaAs(n, IMeV)X 4.233E-21 1.700E-01 5.200E+00 3.965E-21 1.800E-O1 5.300E+00

93Nb(n,y)94Nb 9.256E-29 2.100E_'V2 1.500E+00 7.872E-29 4.000E-02 1.600E+O0

93Nb(n,2n)92mNb 1_513E-34 9.900E+00 1.460E+01 1.470E-34 9.900E+00 1.460E+01

93Nb(n,n)93mNb 1.fv :_E-34 7.200E-01 5.800E+00 1.050E-34 7.200E-01 5.800E+00

98Mo(n,y)99Mo 1.072E-31 4.250E-02 2.200E+013 9.495E-32 6.900E-02 2.300E+00

103Rh(n,n)103mRh 9.283E-29 4.500E-01 5.600E._00 8.861E-29 4.750E-01 5.600E+00

_°9Ag(n?/)H°mAg 3.979E-34 5.000E-06 1.800E+00 2.885E-34 4.250E412 2.100E+00



Table D-1 (Continued)
Sensor Response Region for SPR-HI Central Cavity

(SPR3CAVI8 Spectrum)

115In(n,y)l16mIn 5.801E-29 7.600E-08 2.100E+00 3.893E-29 5.750E-02 2.300E+00

115In(n,n)115mln 4.416E-30 1.000E+00 5.900E+00 4.228E-30 1.000E+00 5.900E+00
t

j 1271(n,2n)126I 3.804E-34 9.700E+00 1.480E+01 3.697E-34 9.800E+00 1.480E+01

197Au(n,p)197pt 7.062E-36 6.600E+00 1.600E+01 6.845E-36 6.700E+00 1.600E+01

t._ 197Au(n,y)198Au 5.216E-31 2.400E-07 1.600E+00 3.517E-31 4.750E-02 1.900E+00

197Au(n,2n)196Au 3.120E-25 8.800E+00 1.380E+01 3.026E-25 8.800E+00 1.380E+01

197Au(n,3n)195Au 4.013E-28 1.630E+01 1.970E+01 3.934E-28 1.630E+0I 1.970E+01

232Th(n,y)233Th 7.090E-29 1.600E-02 2.000E+00 6.073E-29 5.750E-02 2.100E+O0

232Th(n,2n)231Th 1.683E-24 7.000E+00 1.150E+01 1.625E-24 7.000E+00 1.150E+01

232Th(n,f)fp 4.009E-26 1.500E+00 7.100E+00 3.833E-26 1.500E+00 7.100E+00

235U(n,f)fp 1.319E-24 1.050E-02 4.000E+00 1.145E-24 8.800E-02 4.200E+00

238U(n,f)fp 1.641E-25 1.500E+00 6.600E+00 1.568E-25 1.500E+00 6.600E+00

237Np(n,f)fp 8.757E-25 5.250E-01 5.300E+00 8.374E-25 5.250E-01 5.400E+00

I 239pu(n,f)f p 1.809E-24 2.800E-07 4.200E+00 1.556E-24 1.100E-01 4.400E+00

241Am(n,0fp , 8.427E-25 7.200E-01 5.600E+00 _ 8.067E-25 I 7.200E-01 I 5.600E+00
.............................................................. _.........................................................I...............................................................................................................



Table D-1 (Continued)
Sensor Response Region for SPR-III Central Cavity

(SPR3CAV18 Spectrum)

RML enxichedu 1.245E-24 1.275E-02 4.100E+00 1.083E-24 8.800E-02 4.300E+00. __

RML depletedu 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

b,



Table D-2
Sensor Response Region for ACRR Central Cavity

(ACF9 Spectrum)
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l°B(n,cz)X 4.603E-22 6.300E-09 5.250E-06 1.471E-24 8.800E-04 2.100E+00

6Li(n,tx)X 1.132E-22 6.300E-09 6.000E-06 7.114E-25 1.700E-03 3.800E+00

19F(n,2n)lSF 3.332E-34 1.190E+01 1.730E+01 3.250E-34 1.190E+01 1.730E+01

23Na(n,¥)24Na 8.649E-3 ! 6.600E-09 2.400E-03 1.874E-32 1.900E-03 8.800E-01
!

-4 24Mg(n,p)24Na 7.069E-33 6.500E+00 1.170E+01 6.824E-33 6.500E+00 1.170E+01

27Al(n,p)27Mg 1.741E-30 _ 3.400E+00 9.400E+00 1.670E-30 3.400E+00 9.400E+00

27Al(n,cz)24Na 3.359E-33 6.500E+00 1.210E+01 3.245E-33 6.600E+00 1.210E+01

28Si(n,lMeV)X 6.804E-01 1.900E-01 4.800E+00 6.390E-01 2.000E-01 4.900E+00

3_p(n,p)31Si 8.736E-31 2.200E+00 7.100E+00 8.355E-31 2.200E+00 7.I00E+00

32S(n,p)32p 1.512E-32 2.300E+00 7.200E+00 B4CCA 1.446E-32 2.300E+00

45Sc(n,y)46Sc 3.124E-31 6_300E-09 5,750E-06 2.351E-33 3.200E-03 8.400E-01

46Ti_(n,p)46Sc 3.547E-34 3.700E+00 9.600E+00 3.403E-34 3.700E+00 9.600E+00

47Ti(n,p)47Sc 1.850E-32 1.6(K_E+00 7_500E+00 1.770E-32 1.600E+00 7_500E+00

47Ti(n,np)46Sc 3.966E-37 1.150E+01 1.770E+0I 3.871E-37 1.150E+01 1.770E+01

natTi(n,X)46Sc 3.550E-34 3.700E+00 9.600E+00 3.406E-34 3.700E+00 9.600E+00

__.__ _._i _i____.____"__::::_ - ' __]_ii_] ._,_-:::_:,_ _ _.!.... . _: _-. _@_ " _ _ __::__ ......_.:_- .... .



Table D-2 (Continued)
Sensor Response Region for ACRR Central Cavity

(ACF9 Spectrum)
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4_(n,p)48Sc 4.304E-34 6.000E+00 1.250E+01 4.156E-34 6.000E+00 1.250E+01

4_(n,np)47Sc 1.679E-36 1.230E+01 1.840E+01 1.64_E-36 1.230E+01 1.840E+01

natTi(n,X)47Sc 1.852E-32 1.600E+00 7.500E+00 1.772E-32 1.600E+00 7.500E+00

55Mn(n,y)5_ 1.405E-28 7.200E-09 3.600E-04 L730E-30 3.200E-04 4.750E-01

55Mn(n,2n)54Mn 2.483E-36 1.100E+01 1.600E+01 2.419E-36 1.100E+01 1.600E+0X

oo 54Fe(n,p)54Mn 8.435E-34 2.200E+00 7.400E+00 8.069E-34 2.200E+00 7.400E+00

56Fe(n,p)56Mn 2.659E-32 5.500E+00 1.160E+01 2.564E-32 5_500E+00 1.160E+01

55Fe(n,¥)59Fe 3.187E-32 7.600E-09 6.900E-03 1.377E-33 3.400E-04 1.600E+00

Fe(n,X_pa 5.062E-22 1.350E-01 5.500E+00 4.743E-22 1.800E-01 5.600E+00

59Co(n,p)59Fe 9.346E-35 3.400E+00 9.800E+00 8.964E-35 3.400E+00 9.800E+00

59Co(n,¥)6°Co 2.662E-32 8.400E-09 1.350E-O4 7.784E-35 1.275E-04 1.200E+00

59Co(n,ot)56Mn 4.103E-33 5.800E+00 1.220E+01 3.961E-33 5.800E+00 1.220E+01

59Co(n,2n)58Co 9.451E-36 1.130E+01 1.620E+01 9.208E-36 1.130E+01 1.620E+01

58Ni(n,p)58Co 4.990E-33 1.900E+00 7.400E+00 4.773E-33 1.900E+00 7.400E+00

58Ni(n,2n)59Ni 8.543E-36 1.310E+01 1.800E+01 8.344E-36 1.310E+01 1.800E+01

6°Ni(n,p)6°Co 2.806E-36 4.700E+00 1.100E+01 2.702E-36 4.700E+00 1.100E+0I



Table D-2 (Continued)
Sensor Response Region for ACRR Central Cavity

(ACF9 Spectrum)
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63Cu(n,¥)64Cu 1.038E-29 7.600E-09 5.750E-03 5.870E-31 5.750E-04 1.300E+00

63Cu(n,2n)64Cu 4.621E-32 1.190E+01 1.700E+01 4.506E-32 1.190E+01 1.700E+01

63Cu(n,fx)6°Co 7.620E-37 4.500E+00 1.120E+01 7.337E-37 4.500E+00 1.120E+01

65Cu(n,2n)64Cu 2.094E-33 1.080E+01 1.580E+01 2.039E-33 1.080E+01 1.580E+01

64Zn(n,p)64Cu 2.401E-31 2.400E+00 7.400E+00 2.296E-31 2.400E+00 7.400E+00

_b 9°Zr(n,2n)89Zr 9.601E-35 1.270E+01 1.750E+01, 9.371E-35 1.270E+01 1.750E+01

GaAs(n,lMeV)X 3.679E-21 6.300E-02 4.700E+00 3.357E-21 1.100E-01 4.800E+00

93Nb(thT)94Nb 1.054E-27 2.000E-08 1.275E-01 2.131E-28 1.000E-03 8.800E-01

93Nb(n,2n)92mNb 1.275E-34 9.900E+00 1.450E+01 1.239E-34 9.900E+00 1.450E+01

93Nb(n,n)93mNb 9.503E-35 7.600E-01 5.300E+00 9.089E-35 8.000E-01 5.300E+00

98Mo(n,¥)99Mo 9.239E-31 1.000E-05 4.000E-01 1.678E-31 4.500E-04 1.700E+00

_03Rh(n,n)X03mRh 7.911E-29 4.750E-01 5.100E+00 7.555E-29 5.000E-01 5.100E+00

_09Ag(n,¥)_0mAg 1.416E-31 3.800E-08 6.600E-06 6.522E-34 8.000E-04 1.200E+00

_5In(n,¥)116mIn 3.822E-26 3.600E-08 1.800E-06 6.563E-29 1.275E-03 1.900E+00

_15In(n,n)l15mIn 3.866E-30 1.000E+00 5.400E+00 3.701E-30 1.000E+00 5.400E+00

127I(n,2n)_26I • , 3.202E-34 9.700E+00 1.470E+01 3.112E-34 9.700E+00 1.470E+01

_ -:__'__ __,,.._..-_..<..:



Table D-2 (Continued)
Sensor Response Region for ACRR Central Cavity

(ACF9 Spectrum)
i

_97Au(n,p)_97pt 5.523E-36 6.800E+00 1.600E+01 5.355E-36 6.800E+00 1.610E+01

_97Au(n,_/)_gSAu 2.657E-28 3.800E-08 5.500E-06 9.181E-31 5.500E-04 1.000E+00

197Au(n,2n)_96Au 2.635E-25 8.800E+00 1.370E+01 2.556E-25 8.800E+00 1.370E+01

_97Au(n_3n)_95Au 3.188E-28 1.630E+01 1.970E+01 3.125E-28 1.630E+01 1.970E+01

232Th(n?l)233Th 2.159E-27 2.200E-08 6.900E-03 1.108E-28 6.900E-04 1_500E+00
t,..t

232Th(n,2n)23_Th 1.313E-24 7.100E+00 1.160E+01 1.268E-24 7.100E+00 1.160E+01

232Th(n,f)fp 3.456E-26 1_500E+00 6.900E+00 3.303E-26 1.500E+00 6.900E+00

235U(n,f)fp 6.833E-23 6.000E-09 8.800E-05 1.417E-24 1.800E-03 3.400E+00

238U(n,f)fp 1.430E-25 1.400E+00 6.200E+00 1.365E-25 1.400E+00 6.200E+00

237Np(n,0fp 7.576E-25 5.000E-01 4.800E+00 7.161E-25 5.500E-01 4.800E+00

239pu(n,f)fp 1.502E-22 9.600E-09 1.100E-05 1.618E-24 3.800E-03 3.800E+00

24_Am(n,f)fp 1.767E-24 2.100E-08 3.900E+00 7.135E-25 7.600E-01 5.100E+00

RML emichedu 6.356E-23 6.000E-09 8.800E-05 1_334E-24 1.800E-03 3.500E+00
....

RML depletedu 2.828E-25 1.000E-08 4.900E+00 1.392E-25 1.400E+00 6.200E+00

RMLPu 1.326E-22 9.600E-09 1.150E-05 1_519E-24 4.250E-03 3.900E+00 I

....... ._!:-.. . -..... _._._.__ ..... _._.. _. .................... _... ...... _._.--.._._i
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Uncertainty In Dosimetry Sensor Cross Sections
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Table E-1
Uncertainty for SNLRML Spectrum-Averatled Dosimetry Sensor Cross Sections

l°B(n,cx)X 2.30 % 3.43 % 3.91% 0.16 % 0.19 % 1.79 %

6Li(n,ct)X 1.19 % 1.35 % 1.46 % 0.15 % 0.18 % 1.04 %

19F(n,2n)ISF 5.78% 5.78% 5.77% 5.84% 5.84% 5.83%

23Na(n,y)24Na 15.55 % 17.40 % 17.70 % 2.94 % 6.05 % 16.64 %

24Mg(n,p)24Na 3.72% 3.72% 3.71% 3.54% 3.54% 3.54%

27Al(n,p)27Mg 10.83 % 10.83 % 10.81% 12.10 % 12.10 % 12_fl/7%t_

27Al(n,cx)24Na 2.61% 2.61% 2.61% 2.50 % 2.50 % 2.49 %

28Si(n,X)lMe V .......................

31p(n,p)31Si 7.03 % 7.03 % 7.03 % 7.10 % 7.10 % 7.10 %

32S(n,p)32p 19.41% 19.41% 19.38 % 19.61% 19.61% 19_59%

45Sc(n,y)46Sc 4.20 % 5.31% 5.29% 1.05% 1.31% 4.12%

4_(n,p)46Se 4.51% 4.51% 4.50% 4.87% 4.87% 4.86%
47Ti(n,p)47Sc 6.19 % 6.19 % 6.20 % 5.94 % 5.94 % 5.94 %

47Ti(n,np)46Sc 30.00% 30.00% 30.00% 30.00% 30.00% 30.00%

NatTi(n,X)46Sc 4.51% 4.51% _ 4.51% 4.87 % _,, 4.87 % 4.87 %
__-__ "; .... ::" _J':- i-:.':::':"_:.....'_..-:_':":" :_....." '"_ _. . " " t.:,-_-::_::..__.':i:" :? :::.::::_:-:: r: _ ,. -.. _..-._...... _:..:. :_._ .,....... _:._.,.-z.,_

_,.:o_:_ _



Table E-1 (Continued)
Uncertainty for SNLRML Spectrum-Averaged Dosimetry Sensor Cross Sections

__i_!!:_i!!!_:-_:i_i:-".'!i:i_i:"_:_._i_:_ _ ..................................................................... _'_."'_

4_(n,p)48Sc 4.04 % 4.04 % 4.05 % 4.12 % 4.12 % 4.12 %

4_(n,np)47Sc 30.00 % 30.00 % 30.00 % 30.00 % 30.00 % 30.00 %

NatTi(n,X)47Sc 6.20 % 6.20 % 6.21% 5.94 % 5.94 % 5.95 %

55Mn(n,¥)56Mn 14.75% 17.48% 17.65% 5.51% 6.83% 26.59%

55Mn(n,2a)54Mn 20.98% 20.98% 20.97% 21.21% 21.21% 21.19%

54Fe(n,p)54Mn 3.05 % 3.05 % 3.05 % 3.11% 3.11% 3.11%

56Fe(n,p)5_ 4.29 % 4.29 % 4.29 % 4.08 % 4.08 % 4.08 %

58Fe(n,_,)59Fe 29.21% 29.92% 30.89% 9.44% 10.56% 23.64%

NatFe(n,X)dpa .......................

59Co(n,p)59Fe 4.96% 4.96% 4.96% 5.02% 5.02% 5.03%

59Co(n,¥)6°Co 2.80% 3.59% 5.34% 0.76% 0.79% 2.97%

59Co(n, ct)56Mn 4.46 % 4.46 % 4.46 % 4.44 % 4.44 % 4.45 %

59Co(n,2n)58Co 4.60 % 4.60 % 4.60 % 4.67 % 4.68 % 4.67 %

58Ni(n,p)SSCo 4.49 % 4.49 % 4.49 % 4.56 % 4.56 % 4.56 %

58Ni(n,2n)59Ni 4.18 % 4.18 % 4.18 % 4.18 % 4.18 % 4.18 %

6°Ni(n,p)6°Co 1502 % 15.02% 15.01% 15.03% 15.03% 15.01%
................................................................ _..........._i::-..........".......................::._'_.-'-_,-'-'::-__i,:_

_ _._......._ ....;_...,...............,_:__.,



Table E-1 (Continued)
Uncertainty for SNLRML Spectrum-Averaged Dosimetry Sensor Cross Sections
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63Cu(n,y)64Cu 15.06% 15.41% 15.51% 5.34% 6.75% 12.57%

63Cu(n,2n)64Cu 3.63% 3.63% 3.63% 3.67% 3.67% 3.67%

63Cu(n,a)60Co 4.08 % 4.08 % 4.08 % 4.16 % 4.16 % 4.16 %

65Cu(n,2n)64Cu 3.97 % 3.97 % 3.96 % 3.99 % 3.98 % 3.98 %

64Zn(n,p)64Cu 7.41% 7.41% 7.41% 7.07 % 7.07 % 7.07 %

90Za(n,2n)89Zr 2.72 % 2.72 % 2.72 % 2.74 % 2.74 % 2.74 %

GaAs(n,X)IMeV .....................
4_

93Nb(n,¥)94Nb 12.59 % 12.60 % 12.83 % 10.20 % 10.25 % 10.91%

93Nb(n,2n)92mNb 10.00 % 10.00 % 9.98 % 10.07 % 10.07 % 10.05 %

93Nb(n,n')93mNb 7.22 % 7.23 % 7.23 % 6.96 % 6.96 % 6.97 %

98Mo(n,¥)99Mo ....................

l°3Rh(n,n')l°3mRh 4.99 % 4.99 % 4.93 % 4.85 % 4.85 % 4.80 %

109Ag(n,¥)llOmAg ..................

ll5In(n,_)ll6mIn 6.15 % 6.17 % 6.11% 6.01% 6.01% 8.55 %

l_SIn(n,n')llSmIn 2.60 % 2.60 % 2.60 % 2.57 % 2.57 % 2.57 %

127I(n,2n)126I 20.45 % 20.44 % 20.45 % 2038 % 20.38 % 2039 %

_'&_._ _" ."__ _._::::._:::::.'::.-::-_-i:.:.%-_:_:::__.._ _" ::_:=:-_:_--%'.::_-_:':
, . _ ,.-_,_....-_....%...:,!_:_:-:_-.::..,?._, !.,...._.-;
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Table E-1 (Continued)
Uncertainty for SNLRML Spectn-Averaged Dosimetry Sensor Cross Sections
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197Au(n,p)197pt ....................

197Au(n,¥)198Au 0.84 % 0.89 % 1.05 % 0.17 % 0.18 % 0.78 %

197Au(n,2n)196Au 6.65 % 6.65 % 6.65 % 6.68 % 6.68 % 6.67 %

197Au(n,3n)195Au ......................

232Th(n,¥)233Th 12.90 % 12.95 % 13.16 % 10.21% 11.15 % 12.19 %

i

232Th(n,2n)23XTh ....................

232Th(n,f)F.P. 7.21% 7.21% 7.22 % 7.08 % 7.08 % 7.08 %,m
L_

235U(n,f)F.P. 0.44 % 0.46 % 0.46 % 0.22 % 0.34 % 0.44 %

238U(n,f)F.P. 0.64 % 0.64 % 0.64 % 0.33 % 0.54 % 0.63 %

237Np(n,f)EP. 10.31% 10.32 % 10.31% 11.79 % 10.97 % 10.28 %

239pu(n,f)_.P. 2.82 % 2.97 % 2.96 % 1.39 % 3.61% 3.72 %

241Am(n,f)F.p" 2.81% 2.81% 2.81% 2.42 % 2.65 % 2.84 %

RML _ichedu 0.44 % 0.46 % 0.46 % 0.22 % 0.34 % 0.44 %

RML Depletedu 0.64 % 0.64 % 0.64 % 0.33 % 0,54 % 0.63 %

RML Pu 2.79 % 2.93 % 2.82 % 1.40 % 3.63 % 3.64 %
:.::..:_:_._.:_..::_:_.._;._:_.:_:.-___._:___ __!i__ _:_,._-'_:_:;::::_.:-_::_::---_':_'__<_-_'_:_:::."¢-"_:-'.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
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