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ABSTRACT

The first prompt gamma activation analysis (PGAA) was designed, constructed and
installed at a 6 inch diameter neutron beam port of the Thai Research Reactor-1/Modified 1
(TRR-1/M1) since 1989. Beam characteristics were made by Gd foil irradiation, X-ray film
exposing and densitometry scanning consequently. The thermal neutron flux at sample
position was measured by Au foil activation, and was about lxl07 n.cm2.sec"1 at 700 kW
operating power. The experiments have been conducted successfully.

In 1998, the PGAA facility has been developed for the reactor operating power at 1.2
MW. The new PGAA system, e.g., beam shutter, gamma collimator and biological shields
have been designed to reduce the leakage of neutrons and gamma radiation to the acceptance
levels in accordance with the International Commission on Radiation Protection Publication
60 (ICRP 60). The construction and installation will be completed in April 1999.

1. INTRODUCTION

Prompt-gamma activation analysis (PGAA) is an elemental and isotopic analytical
technique in which prompt y-rays emitted within 10"4 s. The spectrum of gamma rays emitted
from a sample is recorded when it is immersed in a beam of neutrons. As in neutron activation
analysis (NAA), both neutrons and gamma rays are highly penetrating and affected little or
not at all by chemical composition, oxidation state, or physical state of the matrix [1]. The
procedure of this technique is purely instrumental, sample preparation consisting of simply
mounting a suitable specimen size in the neutron beam in front of a gamma ray detector. For
these reasons, PGAA is valuable as a complement to analytical methods which involve
chemistry, particularly the difficult chemistry involved in covering a solid sample
quantitatively into a solution. PGAA is especially applicable to the determination of several
elements that are difficult to measure by chemical methods, including the low-Z major or
minor elements such as hydrogen, silicon, phosphorus, and sulfur, and with less sensitivity
carbon and nitrogen. It is also sensitive, of course, to those elements with a large neutron
capture cross section and a high gamma-ray yield, especially boron, cadmium, samarium, and
gadolinium.
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In 1989 PGAA system was set up at southeast beam port of the reactor pool. The
purpose for using this technique in Thailand is analyze suitable elements in various samples
such as geological, mineral, sediment, coal, etc.

2. THE PRIMARY SYSTEM

TRR-1/M1 is a light water moderator and cooling pool type reactor. The normal
power operation is 1.2 MW with a maximum thermal neutron flux of 3.1x1013 n.cm"2.sec"'
and fast neutron flux of 2.3xlO13 n.cm"2.sec"'. The utilization of this reactor is an isotope
production, NAA, and beam experiments. Three of four beam experiments such as neutron
radiography, neutron scattering and PGAA have been installed.

At PGAA beam tube, thermal neutrons are collimated by series of annular collimators
as shown in fig. 1. The collimation annuli were constructed and compose of materials that
thermalize the fast neutrons, collimate the thermal neutrons, and attenuate the y-rays. [2-4]
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Fig. 1 Layout of neutron collimator

Horizontal slide shutter about 30 cm thick of lead and borated paraffin was placed at
the end of the beam tube to shut off the neutrons. Sample made an angle 45° to the neutron
beam is irradiated at 50 cm from the reactor wall. Prompt y-rays from sample are measured by
hyper-pure germanium detector. Large amounts of shielding and moderating materials are
required due to the existence of y-rays, epithermal and fast neutrons. Therefore the detector
can be positioned at distance about 50 cm from the sample. Neutron beam will stop at the end
of the system by heavy concrete.

Beam characteristics were measured by irradiation a Gd foil in the sample location
and later exposing it to X-ray film, which was scanned with a densitometer. The neutron flux
was measured by irradiating Au foils, which yielded a value about lxl07 n.cm2.sec"' at center
position.

Many Experiments with the prompt gamma ray measurement has been done
successfully, e.g. analysis of boron in talcum powder and in detergent. The sensitivity of
boron analysis is around 0.1 ppm.
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Beam stopper

Fig.2 Side view of shutter, detector and shielding, and beam stopper

Due to the problems of very high background radiation around the PGAA facility, the
reactor can be operated at power 700 kW in stead of normal power 1.2 MW. To solve these
problems, the new design needs to be done for getting higher analysis sensitivity and radiation
safety for both detector and researchers.

3 NEW DESIGN

In order to develop the PGAA facility to have higher analysis sensitivity with
operating the research reactor of 1.2 MW. The new PGAA system has been design. This is
included neutron beam shutter, gamma collimator and biological shields. Details of these
apparatus are described as follows.

3.1 Shutter
The rotating shutter as shown in Fig. 3 (A), which surrounds with rectangular box, will

be replaced for the horizontal slide shutter in order to reduce the leakage of neutrons and
gamma radiation. Section of borated paraffin and lead that have a hole about 4 cm in diameter
will contain in the shutter. The rectangular box is filled with a mixture of steel shot, natural
U2O3 and paraffin to reduce radiation which scattered out side the beam shutter. The
thickness of shutter is 30 cm.

3.2 Gamma collimator
To increase the sensitivity of the system, the rectangular aperture will be prepared for

the removable gamma collimator. The collimator will collimate prompt gamma from sample
to detector. The collimator can be change in shape, size, and material to the appropriate
application.
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3.3 Biological shield
Around the system will shield with 30 cm thick boxes. These boxes will fill with steel

shot and paraffin. Paraffin will be neutron moderator while steel shot will capture the thermal
neutron and also absorb both prompt gamma and gamma radiation from the other source.
These shielding should be provided neutron and gamma radiation in accordance with the
International Commission on Radiation Protection Publication 60 (ICRP 60).

Rotating Shutter

Rectangular Aperture

(A) • (B) (C)
Fig. 3 Structure and complete construction of new system

(A) A rotating shutter
(B) The rectangular aperture for removable gamma collimator
(C) The biological shielding when the installation complete

Beam uniform, neutrons flux at sample position, efficiency calibration and etc will be
done at reactor power of 1.2 MW after the construction and installation complete in April
1999.
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