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ABSTRACT

Spectra of monoenergetic, fission and reactor sources after passing
through various shields were calculated and compared with literature data.
The following shields were considered: 1iron, from 30 cm to 180 cm thick-
ness, and polythene and borated polythene, from 5 cm to 45 cm thickness.

The object of our work is to determine the extent of agreement be-
tween spectra obtained in different laboratories by various calculation or
measuring techniques and to investigate the effect on leakage spectra of
different parameters, such as the measurement or calculation geometry,
input spectra, shield composition, etc.

PE3IOME

C nowmowbkw nporpammel MUSPALB, pa3paboTaHHoli B LMOW, 6bim npom3BefeHbl pac-
yeTbl CMNEKTPOB HEWTPOHOB MOCME MNPOXOXAEHUS 4epe3 Xefne30, UYUCTbLI NoAnaTuaeH wu
6opocogepxawmini MoNuaTuAeH. B KayecTBe WCTOYHMKOB HEWTPOHOB MNpuM pacyeTax, Ha-
M/ BbIIM  MCNOMIb30BaHbl peakTop BBP-C, a Takke WCTOYHUKM HENTPOHOB pacliensieHns
N MOHO3HEPreTu YeCKMX HEWTPOHOB. TonwMHa Cnosi B c/y4yae xefnesa W3MeHssiacb OT
30 po 180 cm, a B cny4dae nonuaTtuieHa - or 5 go 45 cm. PaccuuTaHHbie HaMM CNeKT-
pol ¢ nomouwbk kKoga SPECTRANS cpaBHMBa/iMCb C pe3y/ibTaTamMu WU3MEPEHUA U pacyeToB,
OonucaHHbIX B niMTepaTtype. LUenbiw wuccnegoBaHuin SABMSNOChH onpefjesieHne 3aBUCHMMOCTU
OCTaTOYHbIX CMNEKTPOB HEATPOHOB, MOSYYEHHLIX MOCAE MNPOXOXLAEHUA 4Yepe3 MoroTuTenu
npu OAWHAKOBbLIX TOJIUMHAX W cOCTaBax MaTepuanoB, OT pa3HbiX NnapameTpoB, HaH Ha-
npuMep: OT TEXHUKN N FEOMETPUM BbIYUCIEHWA W N3MEPEHWU, OT CNEKTPOB WCTOYHMKOB

MmaTepunanos ,£|,06aBOK B nornotTuntenm m T.40.

KIVONAT

Szamitasokat végeztink a KFKIl-ban kifejlesztett MUSPALB program se-
gitségével vason, borozott illetve tiszta polietilénen athaladt neutronok
spektrumara. A szamitasokban forras spektrumként WR-Sz reaktor, hasadasi
valamint monoenergias neutron forrasok szerepeltek. Vasnal 30 cm - 180 cm-
ig, polietilénnél 5 cm - 45 cm-ig terjedd rétegvastagsagokat vettink fi-
gyelembe. Az &altalunk szamitott spektrumokat a SPECTRANS kod segitségével
O0sszehasonlitottuk mért és szamitott irodalmi adatokkal. Vizsgalatunk cél-
ja az volt, hogy megallapitsuk, hogyan fiiggenek, azonos vastagsag és anyag
mellett,” a kifolyasi spektrumok kiuldénb6z6 paraméterektél ugymint: a sza-
mitasok és mérések geometriaja és technikaja, forras spektrumok, o0tvozé
anyagok stb.



Introduction

Most neutron dosimeters are not at present as sophisticated
as could he desired, one of their chief disadvantages being
their poor response. This shortcoming makes extrapolation a
necessity; that i1s, the dose due to neutrons of energies not
detected by the dosimeter has to be estimated from neutrone
of another energy. Obviously, extrapolation must be based on

a Tfull and proper knowledge of the spectrum.

The importance of leakage neutron spectrum calculations in
this respect haslbeen pointed out, and such spectra
published, by several authors /1-7/. Leakage neutron
spectra have been calculated and applied for dosimeter
evaluation iIn this institute over a number of years /8-11/,
and since 1970 this work has been supported by the Inter-
national Atomic Energy Agency, under a Research Agreement
entitled Nuclear AccidentlDosimetry. The work reported

here was carried out iIn 1972, in the framework of an
I.A_E.A. Research Contract entitled Determination of

Neutron Spectra Behind Different Shields.

This paper presents some results of our own spectrum
calculations and comparisons of these with spectra taken

from the literature. The object of both is to determine
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the extent of agreement between spectra obtained in
different laboratories by various calculation or measuring
techniques and to investigate the effect of different
parameters on leakage spectra, such as measurement or

calculation geometry, 1iInput spectra, shield composition, etc.

Leakage spectra

In the following the spectra of neutrons which have been
passed through iron and polythene slabs will be discussed;
monoenergetic, fission and reactor source spectra are
considered. Our own calculations, made by the MUSPALB
albedo code /12/, are based on a geometrical model 1in

which the source is taken as planar, emitting neutrons

with a cosine angular distribution, noth source and
shielding slab are assumed to be infinite in two dimensions,

and the leakage spectra are integrated over the half space.

To compare different neutron spectra a code named SPECTRAL®S
/13/ has been written. This code, designed to simplify
evaluation work, makes a neutron spectrum library by
compiling standardized neutron spectra from either *n/E/
or E.<p/E/ input spectra, each output spectrum being

given in 48 energy intervals fTor further calculations.

In each standardized energy interval SPECTRALS fits a
Lagrange polynomial of degree five or three, makes a

linear interpolation, compares results and selects the



one which approximates best the input spectrum. The code
also calculates dose equivalent and kerma spectra and has

the standardized spectra drawn on a plotter.

In some cases it is desirable to have a knowledge about
neutron spectra belonging to a slab thickness not repre-
sented in the library, if we know two spectra produced by
neutrons passed through different, but fairly close
thicknesses of a given shielding material, the SPECTRANS
code can compute the leakage spectrum for any intermediate
thickness on the assumption that the attenuation is
exponential in the whole energy range. The error deriving
from such an interpolation is not significant in most
practical cases. It can be seen on inspection of Pig. 1,
for example, that the deviation between the calculated
and interpolated spectra is slight and, considering that
most of the dose arises from intermediate neutrons, can

in fact be neglected.

Plots of spectra are normalized to unit area to fTacilitate
comparison. Spectra expressed in relative units are adequate
for this purpose, since for dosimeter evaluation it is the
shape of the spectrum that is of interest rather than its
absolute value. On the other hand, most spectra taken from
the literature are expressed 1In arbitrary units and thus

do not allow attenuation values to be compared.



Leakage spectra through iron

Some spectra which have been used as input for iron slabs
are displayed in Pig. 2. In spite of the marked differences
between the source spectra, the leakage spectra for iron
slabs are similar provided the slab thickness 1iIs great
enough. This facilitates comparison of different results
and allows the application of a leakage spectrum obtained
for a specific case fTor assemblies of another kind. The
three spectra transmitted through a 50 cm Pe slab, that
are presented in Pig. 3 bear out this finding. Por thick-
nesses above rv luu cm the shape of the leakage spectra
hardly differ from each other; the dependence on input
spectrum is negligible, and dependence on slab thickness

is quite low /Pig. 4 /-

Some results obtained for 30-cm iron slabs are compared
in Pig. 5. Two of the spectra were measured at the

Dubna /USSR/ IBR fast reactor 714/, while the third is
our calculation for a fission source. Differences in the
measured spectra are due to variations in the slab
compositions, thus alloyed steel was used at the measure-
ments. Results for 50 cm thick slabs have been compiled
in Pig. 6 /15/. On the grounds of the previously mentioned
fact, that differences in input spectra hardly influence
leakage spectra, it is most likely that 1jhe observed
deviations are due to differences in calculation and

measurement technique.



The same can be stated for 170-cm slab results /see Pig. 7/.
Spectra for light water systems are shown in Pig. 8, one of
which was calculated for a WWR-S reactor, while the other

was measured at a similar /WWR-M/ system /16/.

The main conclusion that can be drawn from comparison of
these spectra is that there is no systematic deviation
between our own and literature data, but on the other hand
the scatter of results reported from different laboratories
is, in several cases, high. These differences seem to be
higher than could accrue from differences iIn source spectra,
geometry and other parameters, and still higher than is
allowable for the use of dosimeter evaluation. Spectrum
shape, however, depends on a few parameters only; for
moderate thicknesses two kinds of input spectrum - "slow"
and ""fast" - are satisfactory, while for thicknesses
greater than 40-50 cm the input spectrum has virtually

no influence on the leakage spectrum. 1In the latter case
the only parameter is the slab thickness, and even the
dependence on this parameter is small once the thickness

is above "vIOO cm.

Leakage spectra through polythene

Polythene and borated polythene, being commonly used
shielding materials, are of great practical interest. We
have calculated spectra of neutrons passed through polythene

for monoenergetic, fission and reactor sources /17/.



A comparison of the results for monoenergetic sources

with those calculated by F.J. Allen et al. with a Monte
Carlo technique /18/ for a 5 cm thick slab i1s presented

in Fig. 9» One main conclusion is the negligible influence

of boron content on spectrum shape over 10 eV.

Allen’s results also permit investigation of the effect
of incidence angle on the spectra /Fig. 10/. The flux of
the virgin neutrons at perpendicular or nearly perpen-
dicular incidence /70°-90°/ 1is greater, while at 10°
incidence markedly smaller, than that computed with the
MUSPALB code, which is for a cosine angular distribution.
The next plots /Fig. 11/ demonstrate that the same effect
operates for the first few energy groups, though the
agreement 1is quite good at-lower energies, showing that
the slowing-down spectrum is not sensitive to the angular
distribution of the source neutrons iIn this case. Some

results are shown for 1 MeV source energy in Fig. 12.

Further results of the MUSPALB calculations are presented
in Figs. 13 and 14. 1t is evident that for thicknesses
greater than 20 cm spectrum shape is virtually independent

of slab thickness for hydrogeneous materials.



Conclusions

This iInvestigation of spectra demonstrates that for most
shields having great enough thickness - and this is the
case fTor most operating reactors - the effect of several
parameters on the leakage spectrum can effectively be
ignered. Owing to this fact, time-consuming calculations
for dosimeter evaluation need not be carried out for each
particular case, but typical spectra like those presented

here are satisfactory.
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Figure captions

1/

2/

3/

4/

5/

Spectra behind a 30 cm iron slab; of the spectra
marked "fission through 75 cm 20" one /solid line/
is interpolated from values for 20 and 40 cm 1iron,
while the other /x/ is a direct calculation for

30 cm thickness.

Some source spectra used in the comparison of

leakage spectra.

Three spectra illustrating the only slight influence
of differences 1n source spectra on the leakage

spectrum.

Spectra behind iron slabs of various thicknesses as
calculated by the MUSPALB code. It can be seen that
at E~ 0.5 MeV spectrum shape is virtually independent
of slab thickness for thicknesses greater than 100 cm.
Input is a light water reactor spectrum; parameter:

slab thickness.

Spectra transmitted through 30 cm iron or steel slabs.
The calculation for a fission spectrum and pure 1iron
/solid line/ is compared with two spectra measured at
the IBR fast reactor; the "Fe-bln" curve /dotted line/
is for a ferro-manganese steel, while the "Fe alloy"

curve /dashed line/ is for a steel containing Mn, Cr,
Mi, and Co.



6/

7/

8/

3/

10/

11/

11

Spectra behind a 50 cm iron slab. Solid line: own
calculation /differences due to deviations in input
spectra are negligible/; IBR: measured, denoted by
Dotted and dashed lines: calculations for the

"Harmonie” reactor /15/

Spectra behind a 170 cm iron slab. Solid line: own
calculation two other spectra: calculations for the

"Harmonie” spectra.

Leakage spectra of light-water-moderated, enriched
uranium reactors behind a 30 cm iron slab; solid line:
calculation for the WR-S reactor, dashed line:

measured at the WWR-M reactor.

Spectrum of 5 LieV neutrons transmitted through a 5 cm
thick polythene slab. The solid line is our own calcu-
lation for source neutrons Vv/ith cosine angular distri-
bution, while the step functions for normal incidence

are taken from Allen et al. /18/.

Spectra of 5 MeV neutrons transmitted through a 10 cm

thick polythene slab for various incidence angles.

Spectra of neutrons transmitted through a 20 cm thick

polythene slab.



12/

13/

14/

12

Spectra of 1 MeV neutrons transmitted through 5 cm

and 10 cm polythene slabs.

Spectra of fidsion neutrons transmitted through
borated polythene slabs. Parameter is the slab
thickness. Both flux density /solid line/ and dose

equivalent /dashed line/ spectra are plotted.

Spectra of fission neutrons transmitted through
polythene slab3. Spectra are not plotted for
thicknesses over 2p cm as they are virtually

independent of slab thickness.
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