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ABSTRACT

A number of experiments have been conducted in the United States
which have served as benchmarks for the testing of nuclear deta import-
ant in shielding applications and in the validation of shielding calcu=
lational methods and procedures. Over the past several years, a cooper-
ative program among U, S. governmental and industrial laboratories has
been developed for the purpose of providing a data base for general use
in auclear calculations. This work has been coordinated through the
Cross Section Evaluation Working Group (CSEWG) administerad by Brook-
haven National Laboratory and has resulied in the publication cof several
versions of an Evaluated Nuclear Data File (ENDF/B). The number of nu-
clides included In the file, the amount and accuracy of data given for a
particular nuclide, and the types of data given for a particular nuclide
have been greatly expandud from version to version of ENDF/B. To give an
example of particular interest to the shielding community, the most recent
version will contain 37 nuclides for which complete gamma-ray production
data will be provided. The testin and validution of the ENDF/B data is
done within tha CSEWG by calculating a selected group of benchmark experi -
ments, each of which provides insight to a particular szpect of the data,
Although these benchmarks ara specifically selected for dats testing, they
4lsc serve the useful purposa of validating the datz processing crdes and
the calculational design codes. Existing shielding experiments uare con-
tinually being identified as being esuitable for banchmarks, and new ex-
periments are baing plannad specifically for data and calculational code
testing., In this regard, thu participating laboratories havs worked in
close cooneration with the United States Atomic Energy Commission, the

Defanse Nuclear Agency, anl other governmental agencies.
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I. INTRODUCTION

Bffective design of shields for fission and fusion reactors requires a
reliable data base of neutron and photon cross sections and proven methods
of calculational modeling and computation. Independent validation of these
two requirements can seldom be achieved, and the normal procedure is to cal-
culate a model of an actual experiment with a particular data base and code.
Experiments which have been selected for this sort of application have come
to be termed "benchmarks," '

E. A. Strakerl has idertified two general categories of problems that
have been accepted as benchamarks; namely, integral experiments and reference
calculations. Integral experiments are oriented toward nuclear data testing,
such as gamma ray product‘on cross sections, or checking a specific feature
of a calculational code, such as a geometry routine in a transport code. Ref-
erence calculations, on the other hand, are used to verify that the physics
of a calculational codr. is properly coded. Rather comprehensive lists of both
types of benchmarks ae given in Ref. 1, but in this report emphasis will be
placed on benchmarks that can be used for the testing of nuclear data impor-
tant in shielding spplications.

The data base which is being devclioped as a cooperative effort among
governmental and industrial laboratories in the United States is the Evalu-
ated Nuclear Data File (ENDF/B). This work is coordinated through the Cross
Section Evaluation Working Group (CSEWG) which is administered by the Nation-
al Neutron Cross Section Center (NNCSC) at Brookhaven National Laboratory.,

A parcllel data file in the ENDF/B format, but containing data for nuclides

of particular interest to the U. S. Depurtment of Defense, 1s administered

by the Radiation Shielding Information Center (RSIC) at Oak Ridge National
Laboratory. The latest version of ENDF/B now in preparation will be partic-
ularly applicable to shielding problems in that it will contain a) neutron-
induced gamma-ray production for 37 nuclides; b) decay data for 825 f:usion
products; and ¢) complete reevaluations of the photon interaction cross sec-
tions for 87 elements. A list of the nuclides containing gamma-ray production
data is given in Table I.

II, SHIELDING DATA TESTING BENCHMARKS

ENDF/B data ars constantly being checked through a comprehensive data
testing program carried out by CSEWG. In Phase I data testing, the evalua-
tions are checked for accuracy, completeness, and use of ull experimental and
theoretical information. In Phase Il testing, the evaluated data are processed
and used in calculating certain integral experiments which have been specifi-
cally selected as data testing benchmarks. Two types of experiments currently
being used in the shielding data tesiing program are shown in Table II. In
the first type, experiments are chosen on a single material basis and calcula-
tions are expected to reveal specific data deficiencius. The second type of
experiments used in Phase II shielding data testing consists of multi-material
shield mock-ups. Calculations of these uxperiments not only indicate defi-
ciencies in the evaluated nuclear data, but also provide tests of the entire
shielding code systen.
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Of the benchmarks included in the "single material" type, the "broomstick"
experiments performed at Oak Ridge National Laboratory are the simplest to cal-
culate. Basically, these transmissicn experiments were designed to test total
cross section data for several given samples over the MeV region. In each ex-
periment (see Fig. 1) the neutron source was the Oak Ridge Tower Shielding Re-
actor II (TSR). The detector was a nominal 5-cm by 5 cm NE-213 scintillator
and samples were placed midway between source and detector. Care was taken to
collimate the neutron beam and reduce air scattering by proper shielding of all
elements of the experiment,

The calculations of tiie various broomstick experiments* consist of fold-
ing the detector resolution function with a transmitted uncollided spectrum
derived from the total cross section of the nuclide under investigation. As
an example of the application of the broomstick benchmarks, results of calcu-
lations using the ENDF/B Version III Fe (MAT 1180) are shown in Fig. 2 for two
gample thicknesses. Discrepancies between calculation and experiment as well
as new measurements on the Oak Ridge Electron Linear Accelerator have led to
rather significant changes in the iron evaluation for subsequent versions of
ENDF/B.

Another set of "single material" benchmarks, namely the Lawrence Livermecre
Laboratory '"pulsed sphere" experiments listed as SDT1.0 in Table II, has been cal~
culated by saveral laboratories and has served as a cross-check on codes and meth-
ods in addition to data testing. These experiments have been calculated with con-
tinuous energy Monte Carlo, multigroup Monte Carlo, and S, methods. The experi-
mental set up is shown in Fig. 3. Neutrons emitted from pulsed spheres were meas-
ured as a function of time, usually at twn angles. Measurements were made of the
energy spectra leaking through the surface of the sphere with a "nominal"” 14-MeV
pulsed neutron source at the center. Sphere thicknesses of 1/2 to 3 mfp were em-
Ployed. The measured neutron time spectra are sensitive, not only to the magni-
tude of the elastic and inelastic neutron cross sections, but also to the shapes
of the secondary energy and angular distributions for incident energeries near 14
MeV. Materials studiled include SLi, 7Li, Be, C, N, O, Mg, Al, Ti, Fe, Hy0, )50,
CHy, snd CF. Examples of the application of the SDT10 benchmark are shown in Figs.
4 and 5. In Fig. 4, a calculation performad by LLL27 using the TART code?? 1s com-
pared with the pulsed sphere experimsstal results for nitrogen, and Fig. 5 compgsea
these same resultas with calculations“’ performed using the Los Alamos cod:s ANDY
and the Oak Ridge National Laboratory code 06R (unpublighed). All calculations
show good agreement for this ENDF/B nitrogen evaluation3l (MAT 1133). For other
materials, particularly heavy nuclides, these experiments have revealed a defi-
ciency in the production of high energy secondary neutrons.

Two benchmarks in Table II, namely SDT6 and SDT?, were spacifically se-
lected for checking gamma-ray production cross sectione for single materials.
The experimental arrangement for the two experiments was essentially identical
and is shown in Fig. 6. The only dirfference was that 15-cm of lithium hydride,
not shown in the figure, was placed in the detecto: beam between the sladb and
the detector collimator in SDT7. The thermal and fast incident neutron spec~
tra were measured for each experiment, and the resulting photons were detectad
with a 12-cm x 12-cm NaI(Tl) detector., Calculations of these experiments 3&n
be achieved with ang gamma-ray production multigrouping code such as AMPX,
MINX,33 or LAPHANO.34 Table III illustraces calculations vs experiment for

*A code "BROMSTK" for calculating the broomstick experiments with ENDF/B data
is available upon request from Oak Ridge Radiution Shielding Information Center.
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SDT6 and Table IV shows similar results for SDT7. Note that for all materi-
als given as examples in these tables, only the calculations for iron (MAT
1180) lie outside experimental error.

The calculations for multi-materials benchmarks are different from the
single material type in that they can be of a "coupled" type; that is, the
gamma heating calculations are dependent upon prior neutron flux calculations.
Also, the cross section processing is much more extensive as such effects of
resonance interference, broadening, and energy and spatial self-shielding
must be taken into account, Finally, multi-dimensional models are often needed
to properly calculate leakage from region to region. There are advantages,
hovever, in that much of the nuclear data for the various nuclides in the ex-
periments is exercised, including the elemental photon interaction cross sec-
tions needed for the calculation of gamma-ray transport. Also, these bench-
marks provide a stringent test of calculational techniques.

SDT8 is the ZPPR/FTR-2 shield experiment performed by Argonne National
Laboratory15 and Hanford Engineering Development Laboratory.l In that exper-~-
iment, the Zero Power Plutonium Reactor (ZPPR) at the National Reactor Testing
Station, Idaho Falls, Idaho, was lvaded to approximate the basic features of
the Fast Test Reactor (FTR): a 1000-liter, two-zone core surrounded by a one-
foot thick nickel reflector and a sodium-steel shield. A cross-sectional view
is shown in Fig. 7. Various neutron reaction rates were measured, including
10(n,a), 238u(n,f), 239Pu(n,f), and Na(n,y). Gamma-ray heating was studied
using LiF thermoluminescent dosimeters (TLD), which were read and analyzed at
Hanford Engineering Development Laboratory.

A seven-zone, two-dimensional (r-z, cylindrical) model, that has been
used for the calculation of SDT81Z2 and in a previous calculational analysis,y3,lé
is shown in Fig. 8. If a two-dimensional multig:oup diffusion code such as
TWODS.35 or S, code such aa poT36 or TWOTRAN,37 or a multigroup Monte Carlo
code such as ANDY is used for the calgulation, multigroup data processing can
be achieved with such codes as MC-2,38 ETOX-IDX,3° ENDRUN-TDOWN,40 ETOG-GaM, %4l
MINX, and AMPX for the neutron cross sections, LAPHANO, MINX, and AMPX for
the gamma-ray production cross sections, and GAMLEG,42 MINX, and AMPX for the
photon interaction cross sections. If a continuous energy Monte Cailo code
such as MCN-MCG43 1s used in the analysis, the basic ENDF/B data can be pro-
cessed by a code such as ETOPL, 44 Sample calculetions of the neutron part of
the experiment 3 using multigroup diffusion and S, theories are shown in Fig. 9
and those for the photon part of the experiment45 using S, theory shown in
Fig. 10. Note ir Fig. 9 that the agreement of the calculation with experiment
is good except in the deep shield region. Improvement here might require more
detailed treatment of the cross section data, including higher order scatter-
ing, and/or a more complex geometrical model of the experiment. As can be
seen in Fig. 10, the poor calculation of the neutron flux is also evident in
the gamma-ray production calculation in the shield. The discrepancy shown in
the depleted zone in Fig. 10, however, is due to an incorrect estimate of the
resonance self-shielding of the gamma-ray productinn cross sections in the 1e-
fion and has been completely accounted for in a subsequent calculation.
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III. EXTENSION OF THE SHIELDING BENCHMARK PROGRAM

Although great progress has been made in the CSEWG data testing bench-
mark program in the last few years, the list of experiments shown in Table II
is by no means exhaustive, and plans are to increase the scope of the prugram
to provide better testing of both the more extensive nuclear data to be in-
cluded in later versions of ENDF/B and the more sophisticated calculational
approaches being developed in the United States and in the rest of the world.
This objective is being achieved by the specification of new benchmarks from
among the many existing shielding experiments and by the design of new experi-
ments for particular use as shielding benchmarks. In the first category are
additional '"broomstick" experiments for stainless steel, calcium, nickel,
chromium, carbon, uranium-238, oxygen, and neon that need to be activated as
single material benchmarks. Also, there are the sphere experiments for nitro-
gen, carbon, aluminum, and steel performed at Intelcom Rad Tech4? in which
secondary neutron and gamma~ray spectra were measured at several angles. The
experimental geometry for this experiment is shown in Fig. 11. A high-power
Ta/Al/Re Linac target was used to produce intense 50-nsec (FWHM) photoneutron
pulses. The small test samples with diameters on the order of a neutron mean-
free-path were located at the detector end of the neutron flight path. The
5-cm X S5-cm NE-213 detector used to detect secondary gamma~rays and scattered
neutrons as & function of time (hence inciden: neutron energy) at several angles
is shown in the figure. A sample of the data from one of these experiments is
shown in Fig. 12. As can be noted from Table II, there are no single material
benchmarks for testing photon interaction data. There are several United States
experiments49’5° that are currently being examined for suitability of applica-
tion in this area.

Several multi-material experiments are being considered for selection as
CSEWG benchmarks. One example is an exper:lment4 conducted on the engineering
mock-up of the FFTF. This experiment was performed at the ZPPR (ZPPR-3) and is
similar to the ZPPR/FTR-2 experiment but much more extensive in scope. A three-
dimensional model is needed to adequately desciibe the experiment s~ calcula-
tions would either have to be done with three-dimensiorial diffusion theory or
Monte Carlo or "model reduction" rorrection factors would need to be provided
for calculations in less than three dimensions. Also, some experiments recently
carried out at the TSR may qualify as benchmarks. These experiments include the
measurement of gamma-ray production in an inconel slab, the FTR first-fission
measurement in stored fuel positions, and the control rod channel streaming ex-
periment,

We now turn to the wubject of new integral experiments. Several unew ex-
periments are planned in the next few years, primarily to test shielding methods.
The distinction between data testing and methods testing benchmarks is rarely
clearcut. However, in planning new data testing experiments, one attempts to
use only one, or at most a few, materials, and to minimize thz calculational
approximations. In methods testing benchmarks, one tries to use materials with
well-known cross sections in relatively simple configurations. In both types
of experiment, one seeks to use simple. well-defined sources in order to mini-
mize the effects of source uncertainty. Planned experiments which address im-
portant problem areas in FBR shielding design include measurements of neutron
deep penatration, secondary gamma~ray production, gamma-ray heating, pin stream-
ing, direct streaming, and cavity s.:eaming.



IV, SUMMARY

Considerable progress has been made in the United States in the last
few years in identifying specific experiments for use as shielding bench-
marks. These benchmarks have bean successfully applied not only in the
testing of nuclear data used in shielding calculations, but also in valida-
tion of data processing, modeling, and calculational techniques. This pro-
gram is being expanded not only to include more of the existing shielding

experiments, but also to include new experiments specifically designed for
application as shielding bencamarks.
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Fig. 9. Measured and calculated Pu and U fission

traverses at z = 35.56 cm. The calculations are
normalized to the (arbitrarily scaled) experimental
points at r = 33 cm.
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Fig. 12. Carbon sphere data measured with dctector at 90 degrees.



TARLE I

NUCLIDES WITH GAMMA=RAY PRNDUCTION DATA

NUCL IDE
l=H=]
l==2
e~hE-4
3-LI=6
3=-L]=7
G=AE=9
S=rn=-10
6-C~12
T=t=14
8=0=16
11-NA=-23
12=-GM
13-AL=27
14-S1
20-CA
22-T1
23-V
24-CR
25-MN=58
26-FE=55
27-C0-59

28-N1
ev-Cu
41=-NR=93
42-M0
63-EU=-151
63-EyU~153
73-TA=-1R]
Ta=-w=132
T4=4=-133
T4=w=184
T4=-W=186
a2=-PA

92-U=235
92-U=-238

94=-PU=2139

S4=PU=2490)

MAT‘NO.
1269
1120
1270
1271
1272
1249
1273
1274
1275
1276
1156
1280
1264

1195
1286
1196
1191
1197

1192
1198
1190
1189
1287
1290
1291
1245
1128
1129
1130
1131

12428
w/A

WA
7
1265

IN EMNGF /b,

RESPONSIBLE LARORATOKY
LOS ALAMNS SCIENTIFIC LAB,
LOS ALAMNS SCIENTIFIC LAR,
LOS ALAMOS SCIENTIFIC LAR,
LOS ALAMOS SCIENTIFIC LAH,
LOS ALAMOS SCIEMTIFIC LAB,
LANReNCE LIVERMORE LAHe
LOS ALAMDS SCIEMTIFIC LAH,
0AK KIDGE NATICNAL LABe
LOS ALAMOS SCIENTIFIC LAg,
LOS ALAMOS SCIENTIFIC LAG,
OAK RIDGF MATIONAL LAH.
SCIEMCE APPLICATIONS, INC.
LOS ALAMOS SCIENTIFIC LAG.
OAK RIDGF NATIONAL LAB.
OAK RIDGF NATIONAL LASB.
ARGOMNNE MATIOUMAL LABe.

OAK RJIDGF NATIONAL LAB.
RROOXHAVEN NATIONMAL LA,
BROOXHAVFN *IATIONAL LAb.
OAK RIDGF NATIONAL LAH.
ARGOIINE. MATIOMAL AND
RROOrHAVEN NATIONAL LA
BROOMHAVEN NATIONAL LAd,.
SCIENCFE APPLICATIONSeINC,
ARGOMNE NATTUNAL AND

LAVRENCE LIVERMORE NATIONAL LAH.

ARGO-INE MATIOMAL AND
LAWRENCE LIVERMNDKE LAH.
BROOKHAVEN NATIONAL LAUe
8ROV HAVFN NATIONAL LAb.
LAWRENCE LIVEXMOKE LAB.
ATOMICS INTERMNAT'OMAL AND
LOS ALAMOS SCIENTIFIC LAR,
ATOMICS INTERHATIOMAL AND
LOS ALAMOS SCIENTIFIC LAb.
ATOMICS INYErRMATIONAL AND
LOS ALAMNS SCIENTIFIC LAR,
ATOMICS INTERMATIOMAL AND
LOS ALAMQOS SCIFMTIFIC LAR,
OAK RIDGE NATIOMAL LAY
LOS ALAMOS SCIENTIFIC LAR,
WEST INORQUST ADVANCED KEACTNRS
LAWRENCE LIVePMORE LAHe
GENE~AL ¢LECTRIC aNvL

1.0S ALAMCS SCIEMTIFIC LAB,
ARGO'WNE NATIVNAL AND

LOS ALAMOS SCIENTIFIC LAB,

OIve AMND



ENCHMARK

NUMRER
SOT)
sDT2
SOT3
SOT4
SDTS

SDTe

SOT?

STDs8

sDTS

s0T10

SDT11
s0T12

TABLE II

CSEWG SHIZLDING REMCHMARK EAPERIMENTS

TYPE
SINGLE=I'ATERIAL

SINGLE-"ATER]IAL
SINGLE-MATERPIAL
SINGLE=MATERTIAL
SINGLE="ATER]AL

SINGLE=-"TATERTAL

SINGLE=MATERIAL
MULT1-MaTERTAL
MOLTI=-MATERIAL
SINGLE=uTFRPTIAL

SINGLE=MATFRTAL

SINGLE=1ATEW]AL

EXRERIMENT
BRONMSTICK

s~ OJOMSTI1CK
BROOMSTICK
3RON'STICK
BRONMSTICK

GAMMA=RAY
PRONUCTION
FROM CAPTURE
GAMMA=RAY
PRONUCTION 1IN
FAST SPECTRUM

ZPPR/FTR=2
SHIELD

FFTF RAVIAL
SHIELD

LLL PULSED
SPHFRES

I®OM RENCH=-
MARK

SUL IV MFMNCH=
MARK

MATERTIALS NUCLE AR DATA
TESTED TESTED
FE TOTAL NEUTRON
CROSS SECTION
0 TOTAL MEUTRON
CrOSS SECTION
N TOTAL NEUTKON
CROSS SECTION
NA TOTAL MEUTRON
CROSS SECTION
STAINLESS TOTAL MEUTRON
STetL CRUSS SECTION
FEsSTEELe CAPTURF HhAMMA-
NeAND NA& RAY SPECTRA
FESTEELs GAMMA=RAY
OeAD NA P=ODUCTION
IN FISSION
SPECTRUM
PU AND ! ALL NEUTON,
ISUIOPESe GAMMA=RAY
Vet s CeFEs PRODUCTIONY
MIesCP AND PHATON
INTEACTION
CrOSS SECT,
BeCoMNAWNe NEUTRON
NeAL +FE, CRUSS SECT.,
NJsCRCUo»
MOeSToMN,
UedldH«U=23A
LiI=oell=7¢ HI=ENERGY
BEeCoMoeNe HEUTKON
MGeT1eFEe CRUSS SLCT,
PHeU=235,
U=2Jitt4Pl)=2139
STWlNLESS NEUTRON
STEEL «FE CHOSS SECT,
NA NEUTRON

CrOSYS SECT.

REFERE%
2+3
493
5¢3
6¢3 4
Te3

899 |

10011

12913
1691
1942
2l+24

2324
25+ 2(



| TABLE 11
CSEWG SHIZLDING RENCHMARK EXFPERIMENTS

MATERTALS NUCLE AR DATA
TYPE EXPERIMENT TESTED TESTED REFERENCES
LE=MATERIAL BROOMSTICK FE TOTAL NEUTRON 2+3
CROSS SECTION
LE=“ATERTIAL 8=OOMSTICK (4] TUTAL MEUTRON 493
CrOSS SECTION
LE=MATERPIAL BROOMSTICK N TUTAL NEUTRON Se3
CROSS SECTION
LE=ATERIAL 8BrOOMUSTICK NA TUTAL MEUTRON 643
CROSS SECTION
LE=MATERIAL ERONMSTICK STAINLESS TOTAL MEUTRON 7e3
STELL CRUSS SECTION
LE="ATERTAL GAMMA=RAY FEsSTEELe CAPTURF GAMMA- 849
PRONUCTION NeAND N& RAY SPECTRA
FrROM4 CAPTURE
LE=-MATERIAL GAMMA=RAY FEISTEEL » GAMMA=RAY 10011
PRONUCTION IN OesAND NA PRODUCTION
FAST SPECTRUM IN FISSION
SPECTRyM
1=M2aTERTAL Z2PPR/FTR=2 PU AND U ALL NEUTKON, 129139140
SHIELD ISUIO0PES, GAMMA=RAY 15
QelNAsCeFEs PRODUCTIONS
MIsCPR AND PHNTON
INTEACTION
CROSS SECT.,
[=MaTEPIAL FFTF RADIAL BeCollAeNy NEUTRON 169174189
SHIELD NeALFE, CROSS StECT. 19420
NIsCR4CU»
MOeST oMM,
U=235U=238
LE=aTEPIAL LLL PULSED LI=SelLI=7¢ HI=ENERGY 2l+22
. SPHFRES BE«CotloNe MHEUTKON
MGeTIeFEse CROSS SECT.
PHeU=235,
U=23B4PU)=239
LE=MATEFRIAL INONM BENCH= STAINLESS NEUTROMN 23+¢24
MARK STEEL«FE CRrOSS SECT.
LE=rATELIAL SULIUM HFEMCH= NA NEUTRON 254¢26

MARK

CrOSS SECT.




TABLE III
PRELIMINARY RESULTS

GAMMA=-RAY PRODUCTION ARISING FROM THERMAL CAPTURE

GAMMA ENERGY MAT=1180 MAT=1133 MAT=1156
INTERVAL JRON NITROGEN SOD1UM
(MEV) PCT PCT PCT
EXP CALC DIFF EXP CALC DIFF EXP CALC DIFF
[ SSRGS e [ [ ]
160 = 1.5 126 152 =~ 21 0.0 0.2 - 79 90 -~ 14
- 15 = 2.0 4SS 336 ¢ 26 30.0 25.9 14,7 76 48 ¢ 37
2.0 = 2.5 99 163 - 65 0.0 0.1 - 143 132 + 8
¢S - 3.0 152 181 + 19 6.4 S.9 7.8 254 232 ¢ 9
3.0 - 3.5 233 302 - 30 0.0 007 - 76 92 - 21
3.5 - 4.0 (88 194 =-120 '22.8 20.3 10,9 182 199 - 9
e0 = 4.5 1827 2717 <45 0.0 0.0 == 34 1S ¢ S6
4.5 = S.0 83 60 ¢+ 28 13.4 12.4 7.5 14 3 + 79
*"'S40 = S.5 25 35 = 40 43.3 38.7 10.6 | ¥rd 6 ¢ 50
S¢S = 6.0 25¢ 151 ¢ 40 25,2 21.7 14,9 31 33 - 6
6.0 - 6.5 255 236 ¢ 7 15.2 14,3 S.9 115 118 = 3
6e5 -~ 7.0 13 7 ¢ 46 0.0 0.0 hakd 0 0 o=
Te0 = 7.5 139 126 ¢+ 10 7.8 T4 S.1
Te5 = 8,0 12890 1268 * 1 0.0 0.0 -
8.0 - 8.5 3.5 3.4 2.9
805 - 9.0 20 25 - 25 0017 001 -
9,0 - 9.5 83 102 - 23 16 le1 31.3
Q.5 =~ 10.0 0.0 0.1 -
10,0 - 10.5 0.0 0.0 --
105 - 11.0 l}.O 10,0 9.1
WT AV DIFF 31 WYV AV DIFF 10,9 WY AV DIFF 14
TABLE 1V
PRELIMINARY RESULTS —
GAMMA=RAY PRODUCTINN FROM A FAST NEUTRON SPECTRUM
GAMMA FNERGY MAT=11R0 MAT=1134 MAT=115%6
INTERVAL IRON OXYGEN SODIUM
(MEV) oCT PCT PCT
EXP CALC OTFF EXP CALC OIFF EXP CALC DIFF
GReSRans ] . -] m
10 = 1.8 278 252 ¢+ 9 ' S9 e ¢+ 97
15 = 2.0 132 100 + 24 131 9% + 264
2.0 - 2.5 101} Q4 « 7 &7 37 + 21
PS5 = 3.0 74 A4 - 14 S0 60 - 20
3.0 = 3.5 L 31 + 30 22 A * 64
3.5 - 6,0 13 24 ¢ 27 15 12 ¢ 20
4.0 = 4.5 Re7 2e9 ¢+ 67 Te3 9.4 = 29
46,5 - S.0 Seb 3.1 ¢ 45 4e6 1.3 ¢ 72
5.0 - 5.5 30“ ?.R ¢ 2 209 l.O ¢ 63
505 - 6.0 2l &y 0 3.7 “ol - 11
6.0 - 6.5 90 80 ¢ 11 be2 1¢S5 ¢ 64
6.5 - 700
70 = 7.5 33 &7 ¢« 15 2.4 0.3 ¢ 88
7Q§ - l0.0

L N T T T g TSI SEE.

WT AV DIFF 15 WT AV DIFF 13 WT AV DIFF 40



