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Abstract

The experimental and calculational details for a CSEWG integral data
testing shielding experiment are presented. This particular experiment
measured the secondary gamma-ray production cross sections averaged over
a fast-neutron spectrum for iron, a type 321 stainless steel, oxygen, and

sodium. Production cross sections were binned into v 0.5-MeV wide gamma-

ray energy intervals.



Description

Gamma-ray production cross sections arising from fast-neutron inter-—
actions for iron, stainless steel, oxygen, and sodium were obtained in
0.5-MeV bins from gamma-ray spectra measurements described in the reference.
These measurements were made at the Oak Ridge National Laboratory Tower
Shielding Facility using a carefully calibrated 5 x 5 in. NaI(T2) detec-

tor in good geometry. The experimental arrangement is shown in Fig. 1.

Experimental Data

The experimental data are differential in the gamma-ray energy from
approximately 1 to 6.5 MeV and are expressed as values of 47 times the
differential gamma-ray production cross section at 90 degrees to the
incident neutron beam averaged over all neutron energies lying above
1 MeV. Gamma-ray production measurements for iron, stainless steel,
oxygen, and sodium are given in Tables IA through VA. These results are
estimated to have an accuracy of +30% and include the contributions from
both discrete and continuum gamma rays. The tabulated relative fast-

neutron spectra for each experiment are given in Tables IB through VB.

Methods of Calculation

No transport calculations are necessary for this benchmark, hence
model description, atom densities, etc. are not needed. Averaging can be

done as follows:

Let P(AEn) be the entries in the tabulated relative fast-neutron
spectrum. Then for the continuum or unresolved contribution to the

production cross section,

g (AE ) = AE P(AE_) OC(AEn,AEy) ;
n

where

GC(AEn,AEY) = | OC(En,AEY) dEn/AEn .
E

A
n
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Fig. 1. Schematic Diagram of Geometry for Determining Average
Secondary Gamma-Ray Production Cross Sections from Fast-Neutron Inter-

actions. In addition, a 6-in. thickness of lithium hydride, not shown,

was placed in the detector beam between the slab and the detector
collimator.



The evaluation of the integral depends on the neutron energy grid

of the ENDF/B data, and may have to be rather coarsely estimated.

Similarly, for the discrete contribution to the production cross

section,

04(E,) = A% P(BE ) 04(BE ,E)
n

where

Ud(AEn,EY) = J od(En,EY) dEn/AEn -

AE
n

and again the accuracy of the evaluation of this integral depends on the
neutron energy grid of the data.
Finally,
o(AE)) = 0 _(AE ) + o, (E)
Y ¢ HaY MZ; dE - Yagby
Y

and it is this value that is to be compared with experiment.

It is recommended, however, that a ''standard' ENDF/B photon production
group averaging code such as LAPHANO (written by Los Alamos) or LAPHF@R
(Oak Ridge's modified version of LAPHANO) be used to accomplish the above.

The input for LAPHANO or LAPHF@R, for example, is relatively straight-

forward. Note the following input items:

NGG
NGF

number of gamma groups = 14 (see Table IA);

number of neutron fine groups = 18 (see Table IB);

NBF = number of neutron broad groups = 1.

The gamma energy bounds are given in Table IA and the neutron energy
bounds and weighting spectrum are given in Table IB. The neutron broad
group is specified from 1 to 14 MeV, which covers the energy region of
interest. The MT flag is set to call for all reactions given in the

files. All other flags for numbers of nuclides, mixtures, zones, etc.
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Table I

A. Experimental values of 47 times the differential gamma-ray production
cross sections at 90° averaged over the tabulated fast-neutron spec-
trum for iron are the following, in millibarns:

Gamma-Ray Energy Interval Average Cross Section
(MeV) * ~_ (mb)
JROE="T05 278
oS = sty 132
2R OB=R235 101
2058 ="23 30 74
JMOR=83D 44
SRS E=GT 0 33
450 = 4.5 8.7
S E=S50) 5.6
SEON=S5125 3.8
SESE =160 2.4
6.0 = 61:5 <o 2l
St = 7o) < 0.6
/s DR =7 SIS
2EeS 0

*Upper energy limit of each group not included in summation.

B. Tabulated relative fast—-neutron spectrum:

Neutron Energy Relative Number Neutron Energy Relative Number
Group (MeV) in Group Group (MeV) in Group
1FIOR=IF125 0.174 5060 0.026
15 = 245(0) 0.163 640F=N6""5 0.021
2021055 0.169 O D70 0.015
250 = 245(0) 0.118 TAOR=T S 0.011
SION=N3 S5 0.079 ToN=8:0 0.008
350400 0.063 80E=M9°0 0.009
SHONG 05 0.056 9.0 = 10.0 0.005
4358850 0.045 10S0R= 12,0 0.003
Siplt) o7 e 0.034 12.0 - 14.0 0.001

Totals 1.0 - 14.0 1.000



Table 1T

A. Experimental values of 4T times the differential gamma-ray production
cross sections at 90° averaged over the tabulated fast—-neutron spec—
trum for stainless steel (67.4 weight percent iron, 18.3 weight per-
cent chromium, 9.7 weight percent nickel, 1.5 weight percent manganese,
and the remainder may be neglected) are the following, in millibarns:

Gamma-Ray Energy Interval Average Cross Section
(MeV) * (mb)
1Ua0) = 155 383
e = 2hgll) 139
210 OF=E2.035 84
2o = 0 53
53500 = BinS 43
3305 = (0] 25
GRON - 405 8.8
4.5 - 5.0 5.8
SRO0E="55 SEll
Sigs = (950 3.0
6.0 - 6.5 <SR2.16
6.5 7.0 < 4.9
> 7.5 0

*Upper energy limit of each group not included in summation.

B. Tabulated relative fast—neutron spectrum:

Neutron Energy Relative Number Neutron Energy Relative Number
Group (MeV) in Group Group (MeV) in Group
LAOR=1T5 0.174 DEON=N6.0 0.026
lio 5 = 725(8) 0.163 6:08=46.5 0.021
2S0R=82 015 0.169 o5 = U0 0.015
2:HH=83 .0 0.118 7ol = VoS 0.011
330888015 0.079 7.5 - 8.0 0.008
3.5'- 4.0 0.063 8.0 - 9.0 0.009
4.0 - 4.5 0.056 9L ON=S10.0 0.005
4,5 - 5.0 0.045 LOSOR=N12:50 0.003
5.08=105,5 0.034 12708=—%14'./0 0.001

Totals 1.0 - 14.0 1.000



Table III

A. Experimental value of 47 times the differential gamma-ray production
cross section at 90° averaged over the tabulated fast-neutron spectrum
for the 6.13-MeV gamma ray in oxygen is the following, in millibarns:

Gamma—-Ray Energy Average Cross Section
(MeV) (mb)
63 90

B. Tabulated relative fast-neutron spectrum for the 6.13-MeV gamma-ray
production test

Neutron Energy Relative Number Neutron Energy Relative Number
Group (MeV) in Group Group (MeV) in Group
65y =57/ .0 0.290 1ORSE=110 0.018
1 DRSNS 0.204 il = abl 5 0.013
Z5p=2850 0.150 TSSO R=22]F2%10) 0.009
8.0 - 8.5 0.107 120 0) = 1AL 0.006
SESE=RIL0 0.075 125 =81310 0.004
ORDE=IRG 55 0.054 1SPOR=1305 0.003
9RSR=110°0 0.038 131850 =0 14170 0.002
10.0 - 10.5 0.027

Totals 6.5 = 14.0 1.000



Table IV

A. Experimental value of 47m times the differential gamma-ray production
cross section at 90° averaged over the tabulated fast-neutron spectrum
for the 6.92 + 7.12 MeV gamma rays in oxygen is the following, in

millibarns:
Gamma-Ray Energy Average Cross Section
(MeV) (mb)
6.92 + 7.12 55

B. Tabulated relative fast-nma2utron spectrum for the production test for
6.92 + 7.12 MeV gamma rays
Neutron Energy Relative Number Neutron Energy Relative Number
Group (MeV) in Group Group (MeV) in Group
oty = 1fnS) 0.063 10.5 - 11.0 0.034
7.5 - 8.0 0.278 IS0R=511] .15 0.024
Holt) = 865 0.198 k5 = b2 (e) 0.016
Has = Sl 0.139 R S0R=S12105 0.012
IEOR—G S 0.099 125858 ="1:310 0.008
9SS R="10%0 0.069 13R0N="13.5 0.006
10.0 - 10.5 0.050 13.5 = 14.0 0.004

Totals 7.4 - 14.0 1.000



Table V

A. Experimental values of 47 times the differential gamma-ray production
cross sections at 90° averaged over the tabulated fast-neutron spectrum

for sodium are the following, in millibarns:

Gamma-Ray Energy Interval Average Cross Section
(MeV) * (mb)
1Sl Shs 5 59
Tasr==230 131
2 0P=80 85 47
2vDw=320 50
3l =30 22
3.5 - 4.0 15
4.0 - 4.5 i)
4,5 =250 4.6
3+ 0F=20585 259
5,.5%=1640 3.7
6.0 - 6.5 4.2
6V S =55 2.4
20 0

*Upper energy limit of each group not included in summation.

B. Tabulated relative fast—neutron spectrum:

Neutron Energy Relative Number Neutron Energy Relative Number
Group (MeV) in Group Group (MeV) in Group
1 OR =S5 0.174 Sigs = (Dnld) 0.026
L5 = (0 0.163 6.0 "==0%0 0.021
PRGN = P S 0.169 (o5 = Tfold) 0.015
25DR=2850 0.118 7 08=7e5 0.011
BL0N=2305 0.079 o5 =28%0 0.008
o = &l 0.063 8L 0R=890 0.009
4.0 - 4.5 0.056 9IN0E=R1050 0.005
458 =2550 0.045 105 0R=ST1250 0.003
SIall = 56 5) 0.034 12508=S14730 0.001

1.000

Totals 1.0 - 14.0
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Table VII

Report sheet for values of 4m times the differential gamma-ray
production cross sections at 90° averaged over the tabulated
fast-neutron spectrum for stainless steel:

Gamma-Ray Energy Interval Average Cross Section
(MeV) * (mb)

ra@==—=re5
LS5 S0 2l
2.0=2205
25 =3l
308530
35 =R4rk0
4.0 - 4.5
4.0 %= w0
(08 S 5)
5o =260
6405 2645
645 =075

> 7.5

*Do not include upper energy limit of each group in summation.
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Table IX

Report sheet for values of 47 times the differential gamma-ray
production cross sections at 90° averaged over the tabulated

fast-neutron spectrum for sodium:

Gamma-Ray Energy Interval Average Cross Section
(mb)

(MeV) *

1eeal =

155
220
220
3.0
359
4.0
0 - 4.5
5.0
9.5
6.0
6.5
7.5
7.5

| v

*Do not include upper energy limit of each group in summation.
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