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Abstract - A carborne survey of natural terrestrial y-ray dose rates along the main
roads of the western part of Brunei Darussalam was carried out using two portable
type 1.5"<j)x4" Nal(Tl) and I"<j>x2" NaI(Tl) scintillation counters. A series of semi-
continuous countrates measurements were performed inside a moving vehicle. This
yielded equal-distance data which were analysed statistically to obtain the spatial
variation of the natural terrestrial y-ray dose rates .The equal-distance data of dose
rates were obtained by correcting for shielding effect of the car. The thickness of the
pavement and the contribution from the pavement material were estimated from a
correlation curve between the dose rates measured on pavements and on the nearby
soils. A spectral analysis of the equal-distance data enabled us to clarify the structure
of the spatial variation in dose rates. The data could be reasonably smoothened by
removing the random noise components in a higher wave number region.

1. Introduction
No environmental radiation surveys have so far been carried out in the Borneo

Island. The authors plan to complete a detailed terrestrial gamma-ray map of Negara
Brunei Darussalam in order to eventually study the factors influening the distribution
pattern of terrestrial gamma-rays in Brunei by comparing the observed dose rate
levels with a geological map. Brunei is a country situated on the north-west coast of
the island of Borneo, between longitude 114° 23' and north latitude 4° and 5° 5'. It has
a coastline of about 161 km and is bounded on the north by the South China Sea. On
all other sides it is bounded by the Malaysian state of Sarawak, which also divides
Brunei into two parts. The eastern part is the Temburong district while the larger
western portion consists of the Brunei/Muara, Tutong and Belait districts. The present
survey covered only the western part of the country.

The land surface is developed on bedrock of tertiary age, comprising sandstones,
shales and clay. The terrain in the western part of the country is hilly lowland which
rises in the hinterland to about three meters. Brunei has a tropical climate,
characterized by a uniform temperature, high humidity and copious rainfall. To
obtain an outline of the radiation level due to the terrestrial gamma-ray, a carbome



survey along the main roads in the western part of Brunei was made. As it is unlikely
that there are artificial radioisotopes in the environment in Brunei, the count rates
from the scintillation counters can be safely converted into the dose rates with
reasonably accuracy by assuming that the natural environmental gamma-rays are
emitted mainly by *°K and the decay products of " 'U and 232Th present in soils and
atmospheric air.

Carbome radiation surveys are convenient when one wants to examine efficiently a
wide area in a short time. However it is important that one needs to correct the data
obtained inside the car for some effect to estimate the equivalent outdoor dose rates.
In a previous paper0, one of the authors has reported the correction techniques. We
applied these techniques to the actual survey to obtain the outline of the natural
terrestrial gamma-ray dose rates in Brunei. There have been very few wide area
measurements carried out in South-East Asian countries2', thus this paper would serve
as a very useful source of information and guide to similar kind of studies to be
carried out in the future in the region.

2. Calibration of the Instruments
Two scintillation counters were used in the survey. Both counters are battery-

operated digital counters. The 1.5"<J)x4" Nal(Tl) detector ( SLIM ) was used as the
main counter throughout the survey while the 1"<|>X2" Nal(Tl) detector ( SS-y) acted
as a supplemental dectector to calculate the shielding effect of the car and the
conversion relation between the pavement dose rates and the soil dose rates.

The calibration between count rates and absorbed dose rates in air was made
through simultaneous measurements with a 3"<}>x3" Nal(Tl) scintillation spectrometer.
The dose rates were determined by the response matrix method3). The conversion
factors for SLIM and SS-y counters were 0.00424 nGy/h per cpm and 0.0153 nGy/h
per cpm respectively ( Figures la and lb ).
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Fig. la Calibration for count rates from
a 1.5" x 4" Nal(Tl) measured in
the natural environment.

Fig.lb Calibration for count rates
from al"x2"NaI(Tl)
measured in the natural
environment



Table 1. Absorbed dose rates in air at 1 meter above ground and Monte Carlo
calculated count rates from Nal(Tl) scintillation counters for natural radionuclides in
the soil.

Dose rate (nGy/h)
Count rate(cpm)

1" x 2"
1.5" x 4"

1ppm U
5.4

534
1665

1ppmTh
2.7

230
723

1%K
13

821
2608

Table 1 gives the Monte Carlo calculation of count rates at the ground surface for unit
terrestrial radionuclide concentrations in the soil. The dose rate values are from the
work of Beck4). The conversion factor from count rate into dose rate for the terrestrial
radionuclides is governed by the concentration ratios of uranium, thorium and
potassium. These ratios depend on the geology of the site to be measured. Under the
assumption that there are no artificial radiations at the measuring sites, the difference
in the ratio of the uranium, thorium and potassium concentrations in the soil due to the
difference in geology is the main cause of error for the conversion factors. To
minimize the effect due to geological variation, 1000 sets of data of uranium, thorium
and potassium concentrations collected from different part of the world were used in
the calculation of the conversion factor.The resulting conversion factors have a
coefficient of variation around 4% only.

3. Influences of the Environment
The car used for the carbome survey was a Mitsubishi Pajero. The following

experiment was done to estimate a shielding correction factor of the car. A one-
minute measurements using the SS-y counter were carried out both inside and outside
the car at various sites in Brunei. Outside measurements were made walking round the
car twice. Fig. 2 shows the result obtained. The shielding correction factor of 1.77 was
obtained from the least square's fit passing through the origin point.
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Fig. 2 Shielding correction for car.

If there are influencing factors like cliff,tunnels and bridges along the survey
routes, corrections must be made since the geometry of the natural radiation source is
different from that of the flat ground. However such corrections were not necessary in
the present studies as there were no site where these factors exist continuosly.

To estimate the dose rates on bare ground from the carbome survey data, we need
to examine the influence of pavements. We measured dose rates both on pavements
and the nearby soils at various sites in Brunei using the SS-y counter. The detector
was placed directly on the surface . Figure 3 shows the result obtained from plotting
these data.Using this figure , we can estimate the bare ground equivalent dose rates
from the carborne survey data at the correlation coefficient of 0.72. The conversion
from pavement dose rate (P) to soil dose rate (S) is S = 0.838P +4.6nGy/h
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Fig. 3 Correlation of the dose rate measured on soil to that on pavemen

Examination of the thickness of pavement and the radioactivity of the pavement
material is important in checking the validity of the measured result and
understanding the radiation environment. Denoting the dose rate on pavement by Y,
the dose rate at the nearby soil by X, the thickness of pavement by t, the effective
attenuation coefficient for natural environmental gamma-ray by k (= 0.0736 cm2/g),
the mean equivalent dose rate on the pavement material having a semi-infinite
thickness by Z. Then, the relation among them can be expressed as
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Figure 4 is the re-plot of the data in Figure 3. Comparing the above equation with the
regression formula shown in Figure 4, we obtain t = 6.6 g/cm2 and Z = 22.5 nGy/h.
The actual thickness and radioactivity of the pavements were not measured in the
present experiment. However, the estimated value oft is reasonable,since a similar
value was obtained in the surveys performed inGifu prefecture0.
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Fig. 4 Correlation of the dose rate measured on pavement to that on soil.

4. Measurements
The measurements were carried out along paved roads on June 25, 1996 using the

SLIM detector. The survey route is shown in Figure 5.

Fig. 5 Map showing the survey course

The total distance covered was 282 km.There was no rainfall during the survey. The
one-minute measurements were made every 2 km according to the distance-meter of
the car. Outdoor equivalent dose rates on the paved roads were calculated by



multiplying the measured count rates with the shielding correction factor of 1.77
obtained in Figure 2. The corrected measured count rates were converted to dose rate
by multiplying with the conversion factor of 0.00424 nGy/h per cpm. The result is
shown by the fine curve in Figure 6. The bold curve in the same figure is smoothened
by a method to be describe din the next sectionuA spectral analysis was performed to
describe the fine structure of the spatial variation in the dose rates. Names of major
districts are written on the upper part of the figure. The numbers in front of each
district names correspond to the same numbers shown in Figure.5. The mean
pavement dose rate ±standard deviation calculated is 25.0 ±5.2 nGy/h. On the other
hand, the mean soil dose rate estimated from Figure 3 is 25.5 ± 4.4 nGy/h. Conversion
from pavement dose rate to soil dose rate was carried out using the relationship
obtained from Figure 3. The two dose rates obtained are very close to one another.
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Fig. 6 Observed dose rate variation with distance.
The bold line represents the one smoothened using a low-pass filter.

5. Spectral Analysis
The result shown in Figure 6 reflects the variation in geology and distribution of

soil types and radioactivities in paved materials. It also consists possibly of small
amount of noise components due to topography changes, variability of the thickness
and width of pavement materials and carborne changes.To compare the data with
surface geology of the survey route, it may be necessary to smoothen the data.

From the data series measured in equal interval, we derive a power spectral density
(PSD) with respect to wave number k from the data with respect to distance through
the Fourier transform6*. This analysis is useful for speculating the origin of the
existing distribution of the radioelements. Figure 7 shows a power spectral density
for an input signal given in Figure 6. The transform from the dose rate data was
performed by the maximum entropy method6) in a range from about 10'2 to 10° cycles
per km (c/km).
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Fig.7 Power spectral density of the dose rate variation shown in Fig. 6

It is found from the figure that the power decreases gradually up to the wave
number marked with an arrow and reveals almost a white noise in the higher range.
The bold line in Figure 6 is the one smoothened by using a low-pass filter for the
components of wave numbers less than that indicated by the arrow. It provides
information of the spatial variation of terrestrial gamma-ray dose rates in the western
coastal region of Brunei. The curve shows that the oil and liquefied natural gas
abundant stretch from Anduki to Kuala Belait has the lowest dose rate. The geology
of this region is of alluvium.pleistocene terrace clay and sand. The pure brilliant white
silica sand stretch between Tutong and Anduki also shows relatively low dose rate
(25-30 nGy/h).This is probably due to the silica (SiOj) mineral being highly
unreactive and consequently, the soils have poor ability to retain solutes by absorption
or exchange, so that soluble uranium and thorium compounds are easily leached after
weathering. In general,the result shows that in Brunei, natural radiation is the main
source of exposure.
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