
AE-94

i Multiple Scattering of Gamma
Radiation in a Spherical
Concrete Wall Room

M. Leimdörfer

AKTIEBOLAGET ATOMENERGI
STOCKHOLM SWEDEN 1962





AE-94

MULTIPLE REFLECTION OF GAMMA RADIATION
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by

Martin Leimdörfer

Summary:

The Monte Carlo method has been applied for the calculation

of the energy flux of scattered gamma radiation in a spherical room

surrounded by an infinitely thick spherical wall and with a point

source at the centre. Source energies were I, 2, 4, 6, and 10 MeV.

The main investigation was carried out at a room radius of 500 cm

but, for the 1 MeV source, the influence of varying the room radius

down to 1 cm was analysed. The results contain energy distributions

of the first four successive reflection components at the centre of

the room and at the wall surface, as well as spatial distributions of

the successive energy flux components. The neglect of reflection

contributions of order five and higher was estimated to introduce an

error of less than 0. 2 % of the total scattered energy flux.

An analytical approximation is shown to produce a useful

and easily applicable method of predicting the amount of scattered

radiation in a spherical room.
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Multiple reflection of gamma radiation in a spherical, concrete

wall room.

Introduction

In refs. 1 and 2 we have analysed the backscattering proper-

ties of plane and spherical concrete scatter ers. In the present report

we shall demonstrate results of Monte Carlo calculations which aim

at assessing the intensity and spectra of multiply reflected gamma

radiation in a spherical room botmded by a concrete shell. This is

an idealization of a vital problem in connection with irradiation ex-

periments where the intensity of degraded radiation at the irradiation

position should be well known. The results presented here should

also be applicable to the problem of calculating radiation levels in

reactor buildings.

We shall try to condense the great bulk of results obtained

into a form suitable for drawing general conclusions regarding the

character of the problem. Only "infinitely" thick walls will be dealt

withj this being an allowed idealization for all practical cases (cf.

ref. 1). Results are given for point isotropic, central sources of ener-

gies 4, 2, 4, 6, and iO MeV. The main part of the calculations

assume a 5 m room radius but the influence of the room size will be

investigated.

Results are presented in terms of the energy flux which is

nearly proportional to the biological dose rate over the energy range

in question. A simple analytical relation will be shown to give a good

estimate of the scattered energy flux.

? •_ _ _ Calculatignal^ metho_d_

A Monte Carlo code (ref. 3) written for the Ferranti Mercury

Computer to give the number or energy flux and its energy distribution

at arbitrary positions in a vacuum cavity surrounded by a one-medium

shell was applied. The limited size of the fast memory of the compu-

ter permitted only four successive reflections to be taken into account

in one machine run, but this proved to be no severe restriction, as

the relative regularity of the results allowed an easy estimation of the
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error committed by neglecting the fifth and higher reflections. The

expected accuracy of the Monte Carlo results of the total energy flux

is about 2 % at the wall edge, decreasing to about 20 % at the centre.

a) Radial variation of scattered energy flux.

In figs. 1-5 we present the radial variation of the scattered

energy flux from successive reflections for 1, 2, 4, 6, and 10

MeV sources. We notice that for each consecutive reflection,

the scattered flux contribution at a specified detector position

is lowered by almost a constant factor of about 5. This factor

is quite independent of the source energy and decreases

somewhat towards the wall surface» which indicates that the

angular distribution of the energy emerging from the wall becomes

less forward peaked the higher the order of reflection. We observe

that the spatial variation of the total scattered energy flux is

rather small, of the order of 20 %. The error committed in

breaking off the calculations after the fourth reflection can be

estimated to be less than 0. 2 %.

b) Energy spectra of scattered energy flux.

In figs. 6 and 7 we show the energy distributions of the scattered

energy flux components at the wall surface (average over radial

interval 490-500 cm) and at the centre of the room (average over

radial interval 0-100 cm). On comparing these figures we notice

that the spectra are softer at the centre, especially for lower

source energies. This is reasonable when one considers that

Compton scattering gives the highest energy loss in the straight

backward direction. We notice that, apart from the pair inter-

action contribution, the spectra lack contributions from the energy

region above 0. 5 MeV. This is due to the fact that virgin photons,

deviated less than 90 in their first collision, do not effectively

contribute to the backscattered flux (ef. ref. 1). In Compton

scattering the energy of a quantum deviated more than 90° can

never exceed the energy m e * 0. 51 MeV.
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c) Influence of the room size.

In figs. 8 and 9 we give the spatial variation of the scattered

energy flux resulting from a 1 MeV source for reflector radii

equal to 100 cm and 10 cm respectively. In the former case, no

significant departure from the results obtained for a 500 cm

radius can be noticed, whereas in the latter, where the fourth

reflection contribution was left out due to great statistical fluctua-

tions, the degradation for successive reflections is larger than in

the 500 cm case (a factor of about 8 instead of 5). This is due to

the decrease of the albedo with decreasing radius of curvature of

the reflector. This will be discussed further below.

4. Cpp2p_ari_s_o_n ;with_e_2cp_e_rim^ntal_:£e! suits

Measurements of the scattered dose rate in a cylindrical,

concrete-walled irradiation chamber of 1 m radius and 2 m height

(ref. 4) have been made by Larsson (ref. 5). A Co source was used,

hanging at the centre of the chamber and the detector was shielded

against direct radiation (fig. 10). At positions near to the source no

such shield could be applied, and so the total flux was measured and

the calculated direct flux subtracted from it.

The experimental results are given in fig. 10 together with

Monte Carlo results for a 1 MeV source in a spherical room with 1 m

radius. The measurements reveal the presence of scattering objects

in the vicinity of the source, but otherwise the agreement is satis-

factory.

We shall now apply a mathematical model to the problem of

obtaining the radial variation of the energy flux. It will be shown that*

with a few simplifications, and still retaining the basic conditions of

the problem, our analytical approach will lead to a useful formula for

estimating the scattered contribution to the energy flux.

The results of Berger and Raso (ref. 6} show that for reason-

ably small source obliquities, the angula^r distribution of the energy

reflected from a semi-infinite concrete medium fits a cosine function»

We shall assume that the physical state of our problem can be de-

scribed by a vacuum cavity surrounded by a spherical surface emitting

gamma radiation with a cosine angular distribution.
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Assuming an isotropic initial source in the centre of the

cavity, we obtain a secondary source of once reflected energy, per

unit solid angle and unit energy initially emitted, of the magnitude

r • AT(EJ - ~ cos 0
4 , R2

R = reflector radius

AT(E ) = energy current albedo

E = source energy

9 = angle of obliquity of reflected energy.

An isotropic detector at a distance r from the centre (cf. fig. 11)

will record the energy flux

(r) = f cos 9
o 4ir R p

(notation given in fig. 11).

Inserting the geometrical relations

p 2 = RZ + r 2 - 2 Rr cos 0

p cos 8 = R - r cos ijj J

and defining

_ r
q ~ R '

the integral is transformed into

(q) = A j { E )

4 it R 2 ^
o (1+q - 2 q c o s i ) ) ) ?
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The substitution q cos ijj = t gives

2 A T ( E ) p (1 - t) -—
(q) = • =— \ *~3 =

4
The integration can be performed and the result is

4 A (E )

§ (q) * — S r4 7T R

We see that, under the assumptions madej the singly reflected

energy flux from a unit central source is space independent and

equal to four times the rate of energy emitted per unit area of the

spherical reflector.

The Monte Carlo results (figs. 1-5) show that the angular di-

stribution should be slightly less forward-peaked than the cosine,

a deviation which increases with the order of reflection. The magni-

tudes of the analytical results for the first reflection component

(with A (E ) taken from ref. 7) have been indicated in figs. 1-5
J o

and show quite good agreement.

We shall now attempt to estimate the energy flux contributions

from the higher-order reflections. In ref. 6 it is stated that, except

for very oblique incidence, the cosine function is a reasonable

approximation for the angular distribution of the b*^ikscattered

energy. We shall assume that all angular distributions of reflected

energy are cosine-shaped. By reasons of symmetry, this implicates

that the incident energy also is cosine distributed and, thus, ls.cks

slantly incident contributions» • This fact supports our initial assump-

tion.

The energy flux contribution from the n:th reflection can be

written $ = A (E .) $ . , E . being some effective energy
n J n*"i. n~J. n x

of the radiation emitted in the (n-l):st reflection. In fig. 12 the

energy current albedo for various energies has been synthesized

for a cosine source angular distribution from values given for

discrete-angle source obliquities in ref. 6« It is evident, that the
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resulting albedo varies little within the energy interval (0.1-0.25 Me'V)

containing most o£ the higher-order reflected radiation. The obser-

vation made above, that the multiplying factor for consecutive re-

flection contributions is about — , agrees well with the value read

off in fig. 12. Assuming these considerations to be valid for other

materials, the corresponding factor of decrease is obtained to be
1 4

about r- for water and -r-r- for iron.
3 15

The influence of room size can be estimated using the results

of ref. 2O At 0.2 MeV and 10 cm radius eq.12 of that reference

gives the decrease of the infinite radius albedo to be

This is valid for the energy flux albedo and normal source incidence»

but if we assume the energy current albedo at our specific angular

distribution of incidence to follow the same relation, we obtain the
5

successive multiplication factor to be —; r—̂=r~ = 7.9 in good

agreement with our Monte Carlo results.

5. Conclusions
The work reported here indicates that it is possible to

obtain quite a good analytical estimate of the reflected flux in a

hollow sphere (= room) with a point source at the centre. The

assumption of a spherical surface cosine emitter to simulate back-

scattering gives a constant flux in the sphere equal to four times the

rate of particles remitted from the spherical wall. This agrees within

20 % with the results of the Monte Carlo calculations which show a

slight increase of the flux with increasing radius to the detector po-

sition. The calculations should preferably be performed in terms

of the energy flux as the energy (current) albedo is approximately

constant for all energies of the multiply reflected radiation as this

implies that the total amount of multiply reflected flux can be ob-

tained simply by summing a geometrical series.

/ I G
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