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ABSTRACT

The measurement of the gamma-ray dose rate at a distance 267 cm from the

Bulk Shielding Reactor has been used to estimate the photoneutron flux at that .
point, The resulting calculated flux was 1.65 x 10”7 neutron-w ‘osec  ecm™2,
This is to be compared with & measured value of the thermal-neutron flux of

1.58 x 1077 neutron-w-l.sec-l.cm-a, all of which is assumed to consist almost

entirely of photoneutrons.
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INTRODUCTION*

It has been pointed outl that at distances larger than 200 cm from the
Bulk Shielding Reactor (BSR) essentially all the neutrons in the water are
photoneutrons. This assertion is borne out by the fact that beyond 200 cm
the relaxation length of the thermal-neutron flux is essentially the same
as that of the gamma-ray dose ra.te.,2

The measurement of the gamma-ray dose rate at a distance of 267 cm from
the reactor has been used to estimate the photoneutron flux at that point.
This calculation and a comparison of the results with the measured thermal-

neutron flux at this point are given below,

I. METHOD OF CALCULATION
The following relation was assumed between the gamma-ray flux and the

photoneutron flux at a distance r from the reactor:
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thermal -neutron flux at a distance r in centimeters from the reactor
surface (neutrons.cm 2w l.sec™l),

dN(r) = solid angle under which the reactor is seen from a point at a distance
r from the face of the reactor, steradians,
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ME .,T) = gamma-ray f]gx of ener§y Ev,'t a distance r from the reactor face
(photons-cm™ .w ™ osec™ oMev °steradian ),

/.,n(E .. ) = macroscopic cross section of water (cm_l) for the reaction Y(D,p)n,

= threshold energy (Mev) for the reaction ¥D,p)n,

macroscopic absorption cross section of water for thermal neutromns, cm

* This paper was previously published in ORNL-2389, "Applied Nuclear Physics
Division Annual Progress Report for Period Ending September 1, 1957," p. 22.

1. J. M. LaRue et al., "An Estimate of the Photoneutron Flux in the Water
Surrounding the Bulk Shielding Facility Reactor,” ORNL CF-51-8-290 (Aug. 2L,
1951).

2. F. C. Maienschein et al.,, "Attenuation by Water of Radiations from a Swim-
ming Pool Type Reactor; ORNL-1891 (Sept. 7, 1955).
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There are two approximations implicit in Eq. 1l:

1, It is assumed that the thermal-neutron flux is given by the product of
the gamma-ray flux and the ratio of the cross section for photoneutron production
to the cross section for absorption of neutrons. This does not account for the
fact that some photoneutrons do not become thermalized at the point where they
are created. However, this approximation is good, since the neutron slowing-
down length in water (about 5 cm) iz short compared with the gamma-ray relaxation
length (about 40 cm).

2. It is assumed that the total gamma-ray flux at the distance r is equal to
duh(r) times the flux in the forward direction, where d/L(r) is the solid angle
under which the reactor face is seen from a point at a distance r from the reactor.
Actually, no data are available on the angular distribution of the gamma-ray flux
far away from the reactor. But the gamma rays of interest for this éalculation
are those with energies larger than the threshold for photoneutron production
(2.225 Mev). Such high-energy photons cannot have suffered a large-angle scat-
tering, or thelr energy would have been'appreciably reduced. Thus it is a good
approximation to assume that the photons which will be important in photoneutron
production are those which are deflected very little or not at all. Thus the
actual photon angular distribution, which is not known, is approximated by a dis-
tribution that is nearly uniform over those directions which intersect the reactor

and is otherwise zero.

II. RESULT OF THE CALCULATION

The macroscopic cross section for the production of photoneutrons in water

was calculated to be

~
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where
H = fraction of deuterium in hydrogen by natural occurrence
=1.5x lO-h atom of deuterium per atom of hydrogen,5
p = density of water = 1 g/cm5,
A = molecular weight of water
= 18 g/mole,
N = Avogadro's number = 0.602 x lozh molecules/mole,

o = microscopic cross section of deuterium (mb) for the ( . ,n) reaction
(o is a function of the gamma-ray energy).

The solid angle d/L(r) under which a point on the center line at a dis-

tance r from the reactor face sees the reactor face is

(3) an(r) = surface of the reactor face

2
r

This relation is valid only for large distances from the reactor face (large

values of r), A more exact relation is

do 2
(32) an(r) = j\reactor face ;5 cos” 8 ,
where

P = distance between the point where the flux is measured and a surface
element do on the reactor face,

6 = angle between the center line of the reactor and the line p joining
the surface element do and the point where the flux is measured (see
sketch).

-

3. D. J. Hughes and J. A. Harvey, "Neutron Cross Sections," BNL-325 (July 1,
1955).
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One of the factors cos © comes from the projection of the surface element do
on a plane perpendicular to r; the other comes from the fact that close to the
forward direction the angular distribution of the gamma-ray flux at the surface
of the reactor is expected to be proportional to cos 9.

For large values of r, p'Z r, cos ® = 1, and Eq. 38 reduces to Eq. 3. Eq-

uation 3a can then be rewritten as

2/ﬂd b 2(a® 4+ b°)
(3b) dss(r) = r/ —-E”:“f'-é- ,:1-_____.____8' +2 _} ,
{ P T 3r
where
& = height of reactor face
= 62.5 cm,
b = width of reactor face
= 38 cm.,
Therefore

a.ns(r) = 3.17 x 1072,

On substituting Eq. 2 into Eq. 1, the photoneutron flux becomes

@®
asv(r) |
() ¢<r>=eu-§N—Z§¥J o) ['(E_,x)eE,,
E
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where the symbols have the same significance as above. Replacing them by their

values gives

n a
-2
(ka) @#(r = 267 cm) = 1070 x 2:167 % 10 o(E.)['(E.,, 267 cm) dB,
0.022
o 2.225 Mev
= 1.hk x 10‘8 r o(E,Y) F(E,y,267cm) dE. .

2.225 Mev
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The integration in Eq. 4a can be performed graphically. With the use of values
of F(Eny, 267 cm) from ORNL-l719h and values of O(E}/) from Evans,5 the integral

is

o(E)) " (E , 267 em)dE, = 1.15 x 10°

2,225 Mev

in appropriate units for Eq. ba. This leads to a calculated value of the photo-

neutron flux of

é (r = 267 cm) = 1.65 x 107° neutron-w-l-sec_l-cm-g,

calc

which is to be compared with & measured value of the thermal-neutron flux of

éexp(r = 267 cm) = 1.58 x 1077 neutron-w T-sec ™ .cm”

obtained by interpolation of values reported by Maienschein et gl.g

III. CONCLUSIONS

The calculated value is about 4% higher than the measured value, but this
discrepancy is not considered to be significant. The gamma-ray flux may be
overestimated by assumption 2 discussed above, since probably not all the sur-
face of the reactor is emitting high-energy radiation with the same intensity.
On the other hand, the experimentally determined neutron flux may be in error
by as much as 10%, as discussed in ORNL-1891.2 The experimentally determined
gamma-ray flux may be in error by an even larger factor, and the cross section

for photoneutron production is quoted to within 14% error.

4, F. C. Maienschein, F. T. Bly, and T. A. Love, ORNL-171k, p 32 (Aug. 20, 1954)
(Classifiea).

5. R. D. Bvans, The Atomic Nucleus, p 335, McGraw-Hill, New York, 1955.
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