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Backscattered neutrons produced from a D-T neutron generator with energy 14.5 MeV were investigated
as a function of water layer thickness. The plastic track detector CR-39 which is designed as a dosimeter
was used to measure the fast, intermediate and thermal neutrons. The sensitivity of the detector for the
energy regions of interest is determined. Also the does equivalent rates due to backscattered neutrons at
the surface of phantom were measured.

The experimental investigation of neutron reflections
from water leads to important results in protecting
persons against neutrons. The subject of neutron
backscattering has an important interest. but a few such
investigations are available [1-4]. When a water layer
is exposed to neutrons, a fraction of the incident
neutrons is reflected from the layer and contribute to
the surface does. The qualitative characteristics of the
reflection effect which is the so called backscattering
coefficient (albedo), 7] is given by

cPb -cP·
T) = 1
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where <Pi represents the incident neutrons from the
source and <Pb represents the reflected neutrons from
the medium over a certain energy region. This factor
(7]) depends on the nature, dimensions of the reflecting
medium, the surroundings, and energy spectrum of the
neutron source.
In order to determine the backscattering coefficient 7]

from water, the experiment was carried out at first
with an empty phantom and then repeated
systematically by filling the phantom with a layer water
of thickness 2.5, 5,10 and 15 cm.

Plastic track detector is a promising dosimeter to
measure the neutron doses [5-8]. The aim of this work
is to study the backscattered neutrons from water at
different locations on its surface, by using CR-39
plastic detector as a personal dosimeter.

The measurements were carried out by using a
D-T/D-D neutron generator of 120 kV accelerating
voltage, Philips manufacture PW 5310. The neutron
yield was continuously monitored by means of
activated c~per foil. Making use of the yield of
63Cu(n,2n) Cu reaction and special factor given by
the manufactures and checked routinly by the authors,
the neutron yield was determined in each run.
Normalization and correction in the flux have been
taken into consideration [9].
A phantom made of plexiglass dimensions

(30X30X20) cm3 was used. According to the design of
the phantom, it was easy to vary the water thickness in
layers of about 2.5 cm (Figure (I-a)).



Figure I-a. Arrangement of the dosimeters on the phantom surface where the distance between each
dosimeters is 5 em, and Z represents the water layer thickness.
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CR-39 "Super grade" PM-355 having a thickness :::::
250 JLm was obtained from Pershore Mouldings Ltd.
U.K.
The neutron dosimeter designed from a combination

of 6UF, Cd foil and CR-39 plastic. Schematical
representation is shown in (Figure (I-b». By means of
such a dosimeter one can easily separate and measure
the tracks densities produced by thermal-, intermediate-
and fast-neutrons. Thermal energy region was
considered from the Cd cutoff (0.5 eV) down to
(0.025 eV).
The dosimeters were mounted on the surface of the

phantom at locations 1,2,3 and 4 as shown in (Figure
(I-a». After that, the phantom was irradiated for a
suitable time. CR-39 was chemically etched in 6.25 M
NaOH at 7ffiC for 6 hours, and examined by an optical
microscope with an amplification about 600 X .One of
the eyepieces is fitted with a square grid to attain a
high accuracy in the track counting.

The registered tracks in CR-39 are produced due to
the interaction of that fast neutrons with the
constituents of plastic detector material (H,C,O) which
occur in both the removal layer (::::: 8JLm) during
chemical etching and the remaining bulk material.
These layers are effectivelly intrinsic radiators. It was
found that the track density is approximately
independent on the water thickness while it is
remarkably varied from one location to another on the
surface.
In order to get the neutron fluence one should know

the registration efficiency which is an important
problem in any quantitative analysis. For that purpose
Cu, Al and In foils were irradiated simultaneously
several times under the same conditions. The fast
neutron fluence was determined and consequently the
registeration efficiency of CR-39 over the fast neutron
region was found to be 4.5 X 10-5 track/neutrons.
Thermal and intermediate neutrons are not able to

create charged particles to produce tracks in CR-39
detector through the interaction with its constituents.
Therefore, the detection of thermal and intermediate
neutrons by CR-39 requires an alphagenic convertes
such as 6UF placed in contact with the detector.
This converter has a circular shape of diameter 10

mm and thickness 20 mg/cm2 which is greater than the

maximum range of the alpha-particle in 6LiF.The
converter is embeded inside a circular groove in a
plexiglass plate as a holder. The emitted ex -particles
due to the 6Li (n, ex) 3H reaction which cross the
converter to the detector will have an energy spectrum
ranging from 0 to Emax(= 2.04 MeV) which is
independent of the neutron energy in the thermal and
intermediate regions.
The track density have been measured for thermal

and intermediate neutron fluence on the surface of the
phantom at a different locations for the empty phantom
as well as filled with different water slab thicknesses .
Consequently, the backscattering cofficient 11 could be
determined and graphically represented in Figure (2-a,
2-b). A theoreticalI fitting of the experimentalI data
could be accomplished through the derivation of Fick's
law and applying the one velocity diffusion theory
[10]. Considering one dimensional neutron propagation
inside a finite slab of thickness C, using polar
coordinates and expanding the flux inside the slab in
the form of a Taylor's series, assumed to vary slowly
with position, the neutron current density which flows
backwards through a unit area [10], will be

L 2. n(2 C [ ]
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which when evaluted gives:
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For thickness less than a mean free path,

Ii ...[E''ll' + E{1; l.] (1 - e -~l
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Accroding to the ditinition [10], J'i defines the part of
the neutron flux emitted backward when an incident
flux ({'o is falling inwards.
Therefore,
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Flgure 2-a. thermal neutron flux.
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Flgure 2-b. intermediate neutron flux.
Backscattering coefficient (q) of neutron flux on the surface of the phantom at different locations as a function

of water layer thickness, foil (1) - (0,0,0), foil (2) - (5,0,0), foil (3) - (10,0,0), foil (4) - (0,5,0).



which is to be considered. A and B are constants of the
medium; A is depending on the atomic mass of the
medium and on the energy of the detected neutrons,
while B is depending on the total macroscopic cross
section (Et). Making use of the obtained experimental
data the valeus of A and B can be deduced. There
values are represented in Table (1).

Foil Thermal Intermediate
location region region

s A B A B

1- 10.93 0.63 1.17 0.37
(0,0,0)

2- 5.79 0.50 0.76 0.33
(5,0,0)

3- 3.47 0.48 0.64 0.31
(10,0,0)

4- 7.37 0.47 0.83 0.36
(0,5,0)

The general behaviour of the curves is that all of them
having the same trend, Le saturation occurs at a layer
thickness of 5 cm. In addition to that the , the values
of 11 decreases as the dosimeter moves on the surface
of the phantom far from the direct incident beam. The
values of 11 for thermal neutrons are greater about 10
times with respect to the intermediate neutrons.

The relation between the track densities p on the
surface of CR-39 in close contact with a thick 6LiF
disk and the neutron fluence F incident on the surface
[11] is:

where ~ is the registiration efficiency. The calculated
values of ~ for thermal and intermediate neutrons were
found to be 6.7 X 10-3 and 3.4 X 10-4 track/neutron
respectively.

From the track density and registration efficiency of
CR-39, the neutron fluences were determined for the
thermal, intermediate and fast energy regions.

In order to determine the dose equivalent response of
CR-39 detector for the three energy regions, the ICRP
[12] conversion factors have been considered. The

following equation gives the total doses equivalent
(DE) during the period of exposure:

where ff ' fi and fth are the reciprocal of dosimetric
responce CR-39 in the fast, intermediate and thermal
regions respectively.

Accordingly, the dosimetric response values ofCR-39
are 1.10 X 102, 2.82 X 1if and 5.83 X 105
(track.cm-2/ mSv) respectively. Figure (3) reproduces
the variation of the total dose equivalent rate as a
function of the water slab thickness at different
locations on the surface of the phantom.

foil (4)

10;'(2) :
foil (J)

•

~..
?: 2
~ 10..
o
"0

Figure 3. Variation of total dose equivalent rate on
the phantom surface as a function of water layer
thickness (locations given in Figure 2).

This work lead to conclude that, the backscattered
intermediate and thermal neutrons from the water have
a contribution in the total dose of the order of 10% .
Therefore, their biological effectiveness should be
considered.

Our cordial thanks to Professor Younis S.Selim
for helpful discussions and continuous guidance.
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