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SUMMARY

The Thermal Neutron Spectrum of Cekmece TR-1 was measured by
using a double drystal spectrometer and NaCf crystal with its (200)
plane as monochromator. The neutron energy which corresponds to the

maximum of thermal flux distribution was found to be Eo = 0,0595 ev.

Assuming that the flux distribution to be Maxwellian Aan attempt
was made to analyzc the measured data to evaluate the effective neut-
ron temperature in the beam hole., Because the theoretical expressions
given in the latest publications are found to be unsatisfactory in
representing neutron reflecctivity for slow neutrons, an experiment was
carried out to determine the reflectivity in dependence of neutron
energy, the results of the experiment showed that the reflectivity is
proportional to E'O'ks. By using this empirical relation the effective

neutron temperature was found to be =337°K.

=if=



1. INTRODUCTION

The experimental determination of thermal and epithermal flux
distribution in a beam hole of any research rcactor is required for
many purposes., The temperature of neutrors in the core is of impor-
tance to reactor design and to the study of the mechanism of modera-
tion while the beam neutron temperature is of grcat value to the

scientist using the neutron beam for research.

It is because of these reasons that the flux distribution of
thermal neutrons have bcen measured with most research reactors.[l,

2,3,4]

When a double crystal spectromcter was installed at TR-1, we
thought an experimental determination of thermal flux distribution

to be ecssential to the proper use of the beam hole neutrons,

We were mainly interested first in finding out the actual relative
energy distribution to carry out diffraction measurement and secondly
in measuring the neutron temperature for effective cross section eva-

luations.

We also hoped that our experimental data may constitute the ther-
mal components of the reactor spectra, because the measurements in re-
sonance and fast region of the spectra are being carried out by other

methods.
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2, MEASUREMENTS

The relative flux distribution in the thermal energy region has
been measured using a double crystal spectrometer which was designed
to perform neutron diffraction measurements. The other end of the
beam hole in front of which the spectrometer was installed, was very
close to the core so that the distance between the fuel elements and
the beam hole end was approximately 5 mm, The arrangement of fuel

elements containing 90% enriched fuel is shown in (Fig. 1).

The beam was brought onto the crystal by a collimator of circular
cross-section and with an angular divergence of 42 minutes of arc,
The detector used was a (24" in length and 2" in diameter) BF3 tube
using enriched gas at 40,6 cm, pressure, Measurements were made using
(200) planes of NaCf crystals, The counting rates versus energy which
are proportional to relative flux are shown in (Fig. 2). It is seen
from this graph that the neutron energy corresponding to the maximum of

the distribution is E = 0,059S ev.
max
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3. RESULTS AND ANALYSIS OF DATA

In order to analyze the data in terms of effective neutron
temperature we felt that they had to be corrected for the following
energy dependent effects: Contamination of the beam by second order
crystal reflections; crystal reflectivity; instrumental resolution

and counter efficiency.

Since the second order effect for (200) plane of NaC{ crystal
which was used for the measurement was already determined, we first
corrected the data for this effect. (Fig. 3) represents the corrected

data,

Instead of correcting the data for other effects as well, which
would require a rather time consuming work, if it is carried out with
a desk calculator, we preferred to find out the neutron temperature

as follows:
The observed counting rate versus energy is certainly a product:
C(E) = eR(d¢) (1)

where C(E) is for the second order effect corrected energy dependent

counting rate, € is the BF_ counter efficiency, R is the crystal ref-

3
lectivity, d¢ is the differential flux which includes also the reso-

lution width AE of the spectrometer.

Since it is assumed that the thermal flux is Maxwellian, we may

write:

do = ace E/KT g4 (2)

where A is a constant.
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On the other hand because the differential (dE) should be iden-
tical with the resolution width of the instrument the later can be
written as:

dE = AE = const x E:”/2 (3)

If we replace now (dE) in equation (2) by the equation (3) we get:

de = BE>/? ¢ E/KT (4)
The counter efficiency can be calculated at any energy from the

following equation: [5]
e=1-¢e" (5)

where N is the number of atoms per cm3 in the counter, x is the length
of the counter, C is a numerical constant giving the 1/v slope of the

Blo(n,a)Li7 cross section and E is the energy.

The calculated value for the BF3 proportional counter used in our
measurements for thermal neutron energies is very close to unity so
that one is allowed to neglect the influence of the counter efficiency

on the flux distribution.

The neutron temperature calculated from the spectrometer counting
rate seems to be very sensitive to the crystal reflectivity: If one

E—l/2

takes, for example, R = const. , which might be a good guess for

NaCf (200) the flux distribution can be represented by the equation

EZC-E/kT

C(E) = B' (6)

and by differentiating this equation we can get for the energy corres-

ponding to the maximum of the distribution,

E = 2kT
max
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If we assume on the other hand that the crystal reflectivity is
constant for the energies concerned then a different equation for

E may be obtained:
max

E = 5/2 kT
max
It was necessary therefore that much care should be given to the

representation of crystal reflectivity in dependence of energy.

For this purpose we tried first to use the theoretical expression

for the reflectivity given in the latest publications.

It was seen from these expressions that the reflectivity for
slow neutrons to be proportional to 92( @ being Bragg angle) in the
small angle region (<10°) where the actual measurement of flux distri-
bution was carried out. This means that the reflectivity is expected
to be proportional to 1/E. If one now inserts this, together with
equation (4) into cquation (1) the energy dependent counting rate will
be represented as follows:

7 _F
3/ e E/KT

C(E) = B"E™" " (7)

From this we find by derivation an expression for the energy corres-

ponding to the maximum of the flux distribution.

(%]

Since the measured energy E 0,0595 ev., one can get from equation

max
(8) the neutron temperature, T

460°k. Compared with the actual pool

water temperature =293°k, the measured value seemed to us too high.

One can estimate the effective neutron temperature from the mea-
sured water temperature by using the relation given by Coveyou et al[8]

which is shown below:



N =1+ 0,464 (9)

where Tn is the effective neutron temperature, Tm is the actual

moderator temperature and A, being a proper value to the reactor

used, can be calculated as follows:

4Za(kT)

£L
S
We calculate that this cquation gives a numerical value of

(0.14033) for TR-1 Reactor.

By inserting this value into equation (9) and taking into account

T = 297°k, we obtain T = 316°k.
m n

We can conclude from this result, that the expected effective

neutron temperature must be in the neighborhood of (316°K).

It was therefore obvious that the theoretical expressions for slow
neutron reflectivity are not satisfactory. These relations were derived
mainly by assuming a similarity between X-ray and neutron diffraction.
Apparently, there is still much work required, both theoretical and
experimental, to set up exact relations for neutron reflectivity of
crystals. We decided therefore, to determine experimentally the reflecti-
vity of (200) plane of NaCf crystal to interpret our flux distribution

measurements.

For this purpose the crystal was put on the second crystal table
of the double crystal spectrometer and its reflectivity in dependence of
energy was determined by measuring the incident and reflected beam in-

tensity and by taking their ratio according to the equation:

Rl & -f— (10)
(o]
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The values of R were plotted then on double logarithmic paper as

shown in (Fig. 4), which gives a straight line as expected.

We may certainly accept that the reflectivity of a crystal can

be expressed as follows:
R = (Constant x E?) (11)

The indices (a) can now be determined from the slope of the
straight line. According to (Fig. 3) a = -0,45 which means that

0,45 (12)

R = Constant x E~

By using this expression for reflectivity the effective neutron

temperature was found to be T = 337°K which is reasonable.

It should be pointed out that the reflectivity measurements
require still some improvements. Experiments to establish empirical
expressions and to compare them with existing theories are being
planned. Until then our interpretation of TR-1 thermal neutron spec-

trum can be considered approximate.
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Fig. 1

Fig. 2 :

Fig. 3 :

Fig. 4 :

FIGURE CAPTIONS

The Arrangement of the Core Configuration and the

Beamholes.

The Measured Counting Rates Versus Energy,

The Corrected Counting Rates Versus Energy, Corrected

for Second Order.

The Measured Reflectivity of NaCf Crystal (100) Plane.
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