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BNWL-1312

EVALUATED REFERENCE CROSS SECTION LIBRARY
R. L. Simons and W. N. McElroy
ABSTRACT

This library of energy-dependent neutron-reaction cross
sections exists for use in calculating the integral fluxes
and fluences of fast and thermal test reactor environments.
Calculations employing these cross sections are used in the
analysis of irradiation tests of structural and fuel cladding
material for the Liquid Metal Fast Breeder Reactor (LMFBR)

Program,

Recent evaluations of cross sections contained in this
library and of uncataloged cross sections have been used to
update the library to achieve greater consistency and accuracy.
The consistency of the 23 new and revised cross sections has
been shown by comparing calculated 2200 m/sec cross sections,
resonance integrals, and fission-averaged cross sections with
measured values and/or previously reported calculated values.
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EVALUATED REFERENCE CROSS SECTION LIBRARY
R. L. Simons and W. N. McElroy

INTRODUCTION

Determining the effects of neutron irradiation on reactor
structural and fuel cladding materials requires a knowledge of
both neutron flux intensity and spectrum. The accuracy to
which the flux and spectrum may be determined is directly
related to the accuracy of the neutron-reaction cross section.
In addition, the use of multiple foils for this purpose
requires a consistent set of cross sections in order to yield
consistent fluxes and spectra. Consequently, it is important
to keep an updated library of consistent and accurate evalu-
ated cross sections from currently available data.

A cross section library of this nature has been compiled.
This library has been previously updated by McElroy and Berg(l)
and Barrall and McElroy. 2 This document describes and ref-
erences the most recent changes to this library, which include
8 new cross sections and 15 revised cross sections. Table 1
lists the new and revised cross sections and the source for
each revision and addition. These 23 energy-dependent cross
sections are being used in conjunction with the SAND-II code(l)
to determine integral fluxes and fluences for fast and thermal
test reactor environments(3’4) in which structural and fuel

cladding materials for the Liquid Metal Fast Breeder Reactor
program are being tested.

EVALUATED CROSS SECTIONS

Eleven of the 23 cross sections were adjusted by an
unfolding technique.(lo) The spectra used to unfold the cross
sections included the fission spectrum, APFA-III-Godiva, (4)
Experimenfal Breeder Reactor (EBR-II),(B) and Epithermal
Critical Experiment Laboratory (ECEL) Core 16(11) and
Core 14.(12) The shapes of these spectra had been previously
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54Fe(n,p)54Mn Karlsrhu (20) with Hauser-
Feshbach(19) threshold

58Fe(n,y)59Fe BNL—325(13) plus %atg from
Hockenbury et al. 15 (See
Appendix A.)

58Ni(n,p)58Co McElroy and Berg(l)

59 60 (1)

Co(n,vy) "Co McElroy and Berg
63Cu(n,y)64Cu McElroy and Berg(l)
197Au(n,y)198Au McElroy and Berg(l)

A tabular listing of interval-averaged cross sections,
0., is presented in Appendix B. The interval averaging is
defined by: '
E, E.
g, = S *LEydE S *lgg, 5 =1,...,620, (1)
) E. / YE,
J J
where o (E) is the evaluated energy-dependent cross section
and Ej+1 and Ej refer to the upper and lower energy bounds,
respectively, for the current SAND-II 620 group structure.
The lower energy interval bounds, Ej, are listed in Appendix B
along with identifying indices, which correspond to those used
for cross sections. Plots of the interval-averaged cross

sections versus energy are also shown in Appendix B.

SPECTRAL-AVERAGED CROSS SECTIONS AND RESONANCE INTEGRALS

The consistency and overall correctness of the energy-
dependent cross sections for the 23 reactions were checked by
calculating the thermal cross sections, resonance integrals,
and fission-averaged cross sections using the SAND-II code
and comparing these values with previously reported(l’z) and

measured values. These results are given in Table 2.

On the assumption that the energy-dependent (n,y) and
(n,f) cross sections have a 1/v dependence in the thermal

energy region, the 2200 m/sec cross sections of the (n,y) and



TABLE 2. Spectral-Averaged Cross Sections and Resonance Integrals

Reaction
23Na(n,y)24Na
2771(n,a)%%Na
2701 (n,p) 2 Mg
45Sc(n,y)46SC
46Ti(n,p)465c
4775 (n,p)*7sc
48Ti(n,p)485c
54Fe(n,p)SAMn

6Fe(n,p) Mn

58Fe(n,y)59Fe
>8Ni(n,p)58co
59Co(n,a) Mn
59Co(n,y)6OCo
60Ni(n,p)6OCo
83cu(n,«)%0co
63Cu(n,2n)62Cu
63Cu(n,y)64Cu
In(n,n")
Au(n,y)
235y (n,£)F.p.
237Np (n, £)F.P.

8U(n,f)F.P.
239py(n, £)F.P.

197

115mIn
198Au

O Lo T

Fission-Averaged

Cross Section

Thermal Cross Section (Barns) Resonance Integral (Barns) (Millibarns)
Ocate. (8) Ccarc, (D) Tmeas . (€) Teate. (@) Teaie, ) Tpenq (0 Tealc. (@) Tea1c, (P)
0.542 0.540 0.534 + 0.005 0.288 0.288 0.28 + 10% 0.219 0.269
- - - - - - 0.685 0.663
- - - - - - 4.15 -
- 25.2 25.0 + 2.0 - 10.1 10.2(e) - 6.24
- - - - - - - 11.3
- - - - - - - 17.2
- - - - - - - 0.236
- - - - - - 100.5 76.3
- - - - - - 0.941 -
- 1.19 1.2 + 0.1 - 1.38 1.24 + 2858 . 2.86
- - - - - - 113.0 102.0
- - - - - - - 0.147
37.1 36.9 37.2 + 0.6 68.4 70.0 74.5 + 7% 3.13 5.32
- - - - - - - 5.30
- - - - - - - 0.356
- - - - - - 0.0868 -
4,53 4.51 4.51 + 0.23 4.74 4.64 5.1 + 10% 11.1 10.9
- - - - - - 174.0 -
99.4 99.0 98.8 £+ 0.3 1534.0 1585.0 1558.0 + 4% 97.0 82.8
563.0 560.0 577.1 + 0.1 291.0 289.0 275.0 = 4% 1297.0 1230.0
0.0187 0.0186 0.019 + 0.003 6.24 6.12 - 1340.0 1293.0
- - - - - - 312.0 287.0
757.0 754.0 740.4 £ 3.5 347.0 345.6 333.0 + 5% 1855.0 1762.0

this work

I1, Table VI and/or BNL-325

Calculated from previously reported cross section (Reference
Calculated from new cross sections,
BNL-325 (Reference 13)
AFWL-TR-65-34, Vol.
Drake (Reference 21)
Brune and Jirlow (Reference 14).

1

Z1¢T-"TMNd
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(n,f) reactions were calculated by the equation

(2200 m/sec) = 2 + 3, (2)
/m
where ¢ is the spectral-averaged cross section defined by
18 MeV
o = S ¢ (E) o(E) dE. (3)
-10
10 MeV

¢ (E) is a 20 °C Maxwellian spectrum (normalized to one
neutron) and ¢ (E) is the energy-dependent cross section. For

the reactions 235U, 237Np, and 239

Pu the divergence from the
1/v form in the thermal region introduces some error in the
use of Equation (2) and in the comparison of calculated and
measured values. In Table 2, the calculated thermal cross
sections agree with the measured values within the listed
experimental error limits or a small percentage. This indi-
cates that the current energy-dependent cross sections are

properly evaluated for the low energy region (<4 x 1077 MeV).

The resonance integral was calculated using the equation
18 MeV

s (E)e NXocp(E) gg (4)

RI = S
10" 10yey

where ¢ (E) is a 1/E spectrum, o(E) is the energy-dependent
cross section, N is the nuclear density of cadmium, X is a
cadmium thickness, and cCD(E) is the energy-dependent cadmium
total absorption cross section. A cadmium cover thickness of
0.040 in. was used for the calculation. For the (n,y) and
(n,f) reactions, the calculated resonance integrals agree
with the measured values within the listed experimental error
limits or a small percentage, Table 2. This shows that the
major resonances of the current energy-dependent cross
sections are properly evaluated for the intermediate energy
region (4 x 1077 MeV < E < 1 MeV). That is, the use of these
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cross sections will yield results for infinitely dilute foils
that are in good agreement with available integral

measurements.

The fission averaged cross sections, o , were calculated
using the Watt form of the fission spectrum, (22) ¢+f(E),

in the equation

18 MeV c
S 10 ¢ (E) o(E) dE
£ 10 =~ MeV (5)

18 MeV
S +E(E) aE

-10
10 MeV

Differences of as much as about 40% (relative to the new
values) between old and new spectral-averaged cross sections
were caused by rather large cross section adjustments result-
ing from the unfolding procedure. These changes established
better overall consistency(3’4) between available differential
and integral data.

The calculated values of Ef are not compared individually
with measured values in this report because of uncertainty in
the correct form of the fission spectrum, see Reference 4.

The main purpose here was to show how the cross sections have
changed relative to previous evaluations. Present uncertainty
in the form of ¢f(E) can introduce an uncertainty of up to

10 to 25% in the calculated values of some Ef's. On an abso-
lute basis, therefore, it is best at this time to simply say
that measured and calculated values of Ff are in agreement
with in about 10 to 25%, and that this disagreement may be

largely due to uncertainties in o(E) and/or of(E).
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APPENDIX A

CALCULATED °8Fe(n,y)59Fe CROSS SECTION
USED AS INPUT FOR SAND-II READJUSTMENT

To date, the only available data on the 58Fe(n,y)59Fe

reaction is the thermal cross section from BNL—325,(13) a

(14)

resonance integral measurement by Brune and Jirlow, and

resonance energies of seven resonance peaks and two capture

)

some assumptions, an energy-dependent cross section was

areas measured by Hockenbury et al.(15 From these data and

calculated.

A 1/v cross section, which passed through the recommended
2200 m/sec cross sectioh,(lz) below the lowest resonance
energy was assumed. The resonance structure was calculated at
the seven resonance energies by a doppler-broadened single-
level Breit-Wigner expression, which incorporated the tech-

(16) The capture width, T , is an average

nique used by O'Shea. v
value calculated by Cameron's method.(17). The scattering
width, FN

energy and level spacing described by Blatt and Weiskopf.

, was calculated by a method involving the reson%nce
18)
The resonance parameters are summarized in Table A-1. Above
about 20 keV a shape similar to the total Fe(n,y) cross section

was assumed.

The energy-dependent cross section calculated from the
data referenced above was incorrect through the resonance
region by as much as a factor of 5. After readjustment of the
energy-dependent cross section by the SAND-II code, the magni-
tude of the resonance structure was improved. This is shown
by the reasonably close agreement between the calculated
resonance integral and the resonance integral measured by
Brune and Jirlow,(14) Table 2.



TABLE A-1.

Resonance Parameters

' o
Resonance ® Y o
Energy (keV) Fn(eV) TY(eV) (eV+b)
0.230 0.9 0.28% 74.1
0.359 4.5 0.25 124.0
2.82 12.6 0.25 --
4.96 16.8 0.25 --
6.16 18.8 0.25 --
9.29 22.9 0.25 --
10.4 24.8 0.25 --

These values are

inecorrect because of an

incorrect choice in average resonance

level spacing; however,
a negligible effect on the capture area

J

1/2
1/2
1/2
1/2
1/2
1/2
1/2

the difference had

under the resonance peaks after readjust-

ment in SAND-II analysis.

F

R
cooo0co0oO
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APPENDIX B

COMPUTER PLOTTINGS AND TABULATTIONS
OF INTERVAL-AVERAGED CROSS SECTIONS
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