
XA9745935
BACKGROUND RADIATION MAP OF THAILAND

P. ANGSUWATHANA, P. CHOTIKANATIS
Department of Mineral Resources,
Ministry of Industry,
Bangkok, Thailand

Abstract

The radioelement concentration in the natural environment as well as the radiation exposure to man in day-to-
day life is now the most interesting topic. The natural radiation is frequently referred as a standard for comparing
additional sources of man-made radiation such as atomic weapon fallout, nuclear power generation, radioactive waste
disposal, etc. The Department of Mineral Resources commenced a five-year project of nationwide airborne
geophysical survey by awarding to Kerning Earth Sciences International Limited in 1984. The original purpose of
survey was to support mineral exploration and geological mapping. Subsequently, the data quantity has been proved
to be suitable for natural radiation information. In 1993 the Department of Mineral Resources, with the assistance
of IAEA, published a Background Radiation Map of Thailand at the scale of 1:1 000 000 from the existing airborne
radiometric digital data. The production of Background Radiation Map of Thailand is the result of data compilation
and correction procedure developed over the Canadian Shield. This end product will be used as a base map in
environmental application not only for Thailand but also Southeast Asia region.

INTRODUCTION

In the last few years there has been increasing public concern regarding the natural radiation
environment. The natural radiation we received is due almost to gamma radiation and cosmic
radiation. The natural radiation is therefore frequently referred as a standard for comparing addition
sources of man-made radiation such as atomic weapon fallout, nuclear power generation, radioactive
waste disposal. In order to evaluate the significance amount of these additional man-made radiation,
the levels of natural background radiation must be known.

Since a nearly entire part of the Kingdom of Thailand has been covered by airborne gamma
ray measurement. The main outputs from the survey are maps and profiles of total count, potassium,
equivalent uranium, equivalent thorium and either uranium to thorium or thorium to potassium ratio.

It was recommended by IAEA technical officer that the radiometric digital data should be
further processed to produce background radiation map. With the assistance of IAEA, the project
THA/3/004 was approved in 1993. However, the limitation of software and computer facilities at that
time, the productions of background radiation map and ternary radioactivity map of Thailand as part
of this project were contracted to Urquhart Dvorak Limit of Canada.

AIRBORNE GEOPHYSICAL SURVEY

In 1984, the Department of Mineral Resources of Thailand commenced a five-year project
of nationwide airborne geophysical survey. The contract was awarded to Kenting Earth Sciences
International Limited (KESIL), a Canadian company, with the support of the Canadian International
Development Agency (CIDA) and the Geological Survey of Canada (GSC).

The objective of the survey was to establish a completely systematic geophysical database for
both the government and the private sector in mineral resources exploration and investment. Three
different types of surveys were designed:

1) Aeromagnetic Survey was flown by fixed wing aircraft using high resolution magnetometer
in survey area A at various altitudes ranging from 305 m (1000 ft) to 2286 m (7500 ft) with
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line spacing 1 km in north-south direction covering an area approximately 440 000 km2 (86%
of the country).

2) Airborne Radiometric Surveys were flown using high sensitivity gamma-ray spectrometer
system with a sodium iodine detector of 50 litres, magnetometer and VLF-EM in survey areas
B and C at 122 m (400 ft) mean terrain clearance with line spacing of 1,2,5 km in east-west
direction (Fig. 1). The difference between survey areas B and C was the type of aircraft being
used, survey area B was flown by twin-engine fixed wing aircraft over low relief terrain while
survey area C was flown by helicopter over rugged terrain covering an area approximately
430 000 km2 (35 and 50% respectively).

3) Airborne Electromagnetic Survey was flown by helicopter using EM and magnetometer in
follow-up survey at 60 m mean terrain clearance with line spacing 400 m in the direction
perpendicular to the geological trend covering area approximately 18 000 km2 (3.5%).

PROCESSING OF RADIOMETRIC DATA

The processing methods were designed for airborne radiometric survey data by Data Plotting
Services International Limited in co-operation with the GSC.

The energy windows used to monitor gamma rays are tabulated in Table I.

TABLE I. SPECTRAL WINDOWS USED TO MEASURE GAMMA RAYS

Element Isotope Used Energy Window (Mev)

Potassium *K 1.36-1.56

Uranium 2 1 4Bi 1.66-1.86

Thorium ^ T l 2.42-2.82

Total count 0.40-2.82

Calibration of airborne and ground spectrometers was necessary to obtain accurate ground
concentration from the survey. To deal with the problems of calibration, large radioactive calibration
pads were constructed, under the guidance of R.L. Grasty, at U-Tapao Airport, Rayong province,
eastern Thailand and airborne test range was established at Lam Takhong reservoir, 200 km northeast
of Bangkok.

Data collected by airborne gamma ray spectrometry have been processed and presented as five
different maps: potassium (K), equivalent uranium (eU), equivalent thorium (eTh) concentrations,
uranium to thorium (eU/eTh) or thorium to potassium (eTh/K) ratio and total count.

In order to relate the airborne count rate from the three windows to radioelement
concentrations of the ground, the data processing are necessary. These are :

1) removal of background radiation;
2) spectral stripping procedure;
3) altitude correction ; and
4) conversion of the corrected count rate data to ground concentration.
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ad 1) Removal of Background Radiation

There are three sources of background radiation; the radioactivity of the aircraft and it
equipment, cosmic radiation, and radioactivity in the air arising from daughter products of
radon gas in the uranium decay series. The technique used to remove the effect of these three
sources of background radioactivity has been traditionally applied by measuring total
radioactivity contribution over water. In the areas where no water is available, high level
background is accepted for background observation. An alternate method of determining
background is a test line measurement.

Since cosmic background is well controlled and the aircraft background is small and constant,
background errors are due to improper estimates of the radon component. Variation caused
by radon emanating from the ground in the north of Thailand is strong therefore de-
corrugation filtering is approved.

ad 2) Spectral Stripping Procedure

Due to the characteristic of the airborne gamma ray spectrum measured by sodium iodine
detectors, gamma rays originating from one particular radioelement may be detected in any
of the three windows. To correct for this interference, a spectral stripping procedure must be
carry out. This is achieved by determining the gamma ray spectra of the respective
radioactive concrete calibration pads. The stripping procedure used to derive the corrected
counts in each window that originate from the respective radioelement has been described by
Grasty [2].

ad 3) Altitude Correction

In the range of altitudes normally encountered in airborne survey operations the stripped and
background-corrected count rate in each window is found to be related to the aircraft altitude
by a simple exponential expression of the form :

N = Ae1*

where attenuation coefficient (A) and attenuation rate (ji) are determined experimentally over
the calibration range [1]. This exponential curve is used to correct the count rates in each
window for deviations from the planned survey altitude.

ad 4) Conversion of corrected count rate data to ground concentration

After the window count rates are normalized to a standard condition of measurement, they
are simply converted to equivalent ground concentrations by application of the sensitivities
of the airborne gamma ray spectrometer. The sensitivity factors are determined over
calibration range of known radioelement concentration as shown in Table II.

TABLE n. SENSITIVITY FACTORS USED TO CONVERT GROUND CONCENTRATION

Element Normal Sensitivity

Total count 174 cps/ur

Potassium 100 cps/%

Uranium 10.9 cps/ppm

Thorium 6.8 cps/ppm
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PRODUCTION OF BACKGROUND RADIATION MAP

In 1989, KESIL delivered radiometric maps, stacked profiles and digital data on tapes. Map
products include radioactivity colour pixel map of Thailand at the scale of 1:1 000 000 and
radiometric contour maps at the scale of 1:250 000. These maps are presented as total
count,potassium (K), equivalent uranium (eU), equivalent thorium (eTh) and either uranium to
thorium or thorium to potassium ratio.

The airborne radiometric digital data of 301 162 line km stored on nine-track tapes were
transferred to backup tapes using Computer Centre facility within the Department. The productions
of Background Radiation Map and Ternary Radioactivity Map of Thailand were assigned to IAEA
selected sub-contract, Urquhart Dvorak Limited of Canada in 1993.

All the data were compiled and reprocessed to produce Background Radiation Map of
Thailand at the scale of 1:1 000 000 and presented in exposure rate unit of micro roentgens per hour
(uR/h) (Fig. 2).

The relationship between radioelement concentration and exposure has been calculated by
Beck et al and Lovborg and Kirkegaad. Grasty et al [3] derived the contribution of potassium,
uranium and thorium to the exposure from those experiments and assigned the value as shown in
Table HI.

TABLE HI. CALCULATE CONTRIBUTION OF POTASSIUM, URANIUM AND THORIUM TO
THE EXPOSURE 1 M ABOVE THE GROUND

Exposure Rate (uR/h)

Assigned Value

1% K 1.505

1 ppm U 0.625

l p p m T h 0.310

E = 1.505 K + 0.625 eU + 0.310 ETH

CONCLUSION

Ground level exposure rates can be determined by airborne gamma ray spectrometry. A total
of 301 162 line km of airborne radiometric data were compiled and reprocessed to produce
Background Radiation Map of Thailand. This map shows a very good correlation with geological
features. In situ gamma ray measurement confirms that the areas of high radioactivity are generally
related to granitic rocks. The lowest radioactive areas are found to be associated with sandstone.

The Background Radiation Map of Thailand will be a particularly effective tool for
environmental study in the country. Furthermore, it is expected that this map will also contribute to
the production of Natural Radioactivity Map of the World.
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Fig. 1. Map of Thailand showing airborne radiometric survey areas B and C.
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Fig. 2. Background Radiation Map of Thailand at 1:1 000 000 (reduced to fit page ) .
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