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Abstract 

A number of important applications of isotopes in hydrology and the 
environment undertaken in Malaysia are presented i.e. Environmental 
isotope (Isotope hydrology study of Kelantan Basin); Artificial 
isotope studies (Detection of leakage in Pedu Dam; Flowrate measure
ment at selected streams in Ulu Langat area; Residence times and 
dispersion behavior of oxydation pond, Klang Hospital). 

INTRODUCTION 

The application of tracing method in hydrology and the environment 
has been realised a long time ago where dye and chemicals are 
commonly used as tracers. However, isotope tracing in hydrology is 
still a relatively recent field of scientific investigation. In the 
last 30 years or so a number of important results have been achieved 
in several types of hydrological problems using isotope technique. 
The interest in this field of studies is continously growing as 
indicated by the increasing number of laboratories and scientists in 
isotope hydrology all over the world. For instance, in Malaysia the 
efforts to expand and accelerate its usage are initiated by the 
Nuclear Energy Unit under the Prime Minister's Department. 

This paper describes a number of important applications of isotopes 
in hydrology and the environment undertaken in Malaysia. Some of 
the tracer experiments carried out by the Nuclear Energy Unit through 
the use of artificial and environmental isotopes in surface as well 
as groundwater investigations are as follows (see also Figure 1): 

Environmental Isotope Studies 

i. Environmental isotope hydrology studies in Kelantan Bssin, 
Kedah/Perlis Basin, Sungai Muar Basin, Langkawi Island and 
Kuala Rompin. 
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Artificial Isotope Studies 

i. Detection of leakage in Pedu Dam, Kedah 

ii. Flowcate measurement: Irrigation canals of the Kemubu 

Agricultural Development Authority (KADA), Kelantan; selected 
streams in Hulu Langat area. 

iii. Residence times and dispersion behavior of oxydation pond, 
Klang Hospital. 

ENVIRONMENTAL ISOTOPE STUDIES 

Kelantan Basin 

ft study of groundwater hydrology with environmental isotope of the 
Lower Kelantan Basin was undertaken from 1980 to 1983. The hydro-
logical problems of major interest here are to study the origin and 
mechanism of recharge, inter-relation among the aquifers and 
relation of river water with the wells located near the Kelantan 
River. 

The results show that the stable isotopes content of the groundwater 
in the area vary within a narrow range while tritium data confirm 
that water from the lower aquifer zone comprises of old water 
component and most samples from the upper aquifer zone are young 
water, see Figure 2. The isotopic data also demonstrates that the 
first aquifer is replenished by local recharge through direct pre
cipitation while the more depleted isotopic values observed in deep 
well is indicative of recharge at a high elevation which percolate 
through the Quarternary sediments, see Figure 3. As a whole, there 
are two aquifer zones exist in the study area which was evidently 
shown by their isotppic variation. 

ARTIFICIAL ISOTOPE STUDIES 

2 
Detection of Leakage in Pedu Dam, Kedah 

A radiotracer study to detect and locate the area of seepage in the 
face of Pedu Dam, a 61 m high rock-filled dam with an upstream 
asphalt/bitumen membrane. The dam is operated by the Muda Agricul
tural Development Authority (MADA) and is principally_aised for 
irrigation of padi fields in the states of Kedah and Perlis. 
Leakage rates which have been as large as 0.4m /s were controlled a 
few years ago when diving teams were used to locate and plug holes 
in the-bitumen curtain that covers the rock face of the dam. 
However, leakage rates of the same order were observed again recently, 
and the location of which is essential to be determined. 
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In order to ascertain whether there is seepage path from the area 
adjacent to the bitumen curtain of the dam, two radioisotope tracers 
were used in the experiment. The first is triated water (200 GBq), 
which directly monitors seepage path and indicates the time of 
transit (see Fig. 4). The second tracer used in the experiment is 
gold-198 (2GBq) adsorbed onto a fine powder with a particle size 
selected to control the rate of sedimentation in water to lm/h. 
A few spots of seepage were located in the face of the dam (see Pig.5). 
Subsequent brine testing by the authority confirmed the presence of 
all except one of the seepage areas by identified 198 A U. 

3 
Flowrate Measurement at Selected Streams in Hulu Langat Area 

Measuring the flowrate of water course is one of the basic operations 
in hydrology, being of general relevance to water problems and of 
particular importance in the planning of water control schemes. The 
techniques commonly used in stream flow gauging are either by current 
meter or a tracer dilution method. 

A radiotracer techniques using Tc to measure flows of small rivers 
was undertaken in the Hulu Langat area. Three rivers are chosen for 
a comparative study on flowrate determination by conventional and 
radioisotope methods. The results measured by radioisotope method 
are compared to the Drainage and Irrigation Department's (DID) 
discharge curve data collected from 1980 to 1982 which is calibrated 
using a current meter. The results are comparable and fall within 
the range obtained by conventional method.(see Figure 6). 

Retention Times and Dispersion Behavior of Oxydation Pond, Klang 
Hospital, Selangorfl 

A good understanding of the behavior of the waste treatment pond is 
essential for proper waste management. In most practice, examina
tion of the pond characteristics involve looking at the internal 
symptom such as retention time distribution and the dispersion 
behavior. 

In this study, both a short-lived tracer, technetium-99m, and a 
long-lived tracer, tritium (as tritiated water) were used. The 
former was used to permit in-situ observation of the dispersion of 
tracer as it flows through individual ponds, whilst the latter was 
used to follow the concentration in the pond discharge over the full 
period of tracer residence in the system..; Technicium-99m is a gamma-
ray emitter with a half-life of 6 hours. Its concentration can be 
monitored directly in the pond using submersible radiation monitors. 
While Tritium has a half-life of 12.25 years and, as tritiated water, 
is an ideal tracer for water. 

The plant comprises of two ponds, having the same volume (V) of 5.3 
Ml (Megalitres) with an average flow rate (g) of 0.504 Ml/day. The 
pond system is shown in Fig. 7, both are approximately 1.5m deep. 
Pond #1 provides a primary treatment and #2 for secondary treat
ment and finally discharged into the Klang River. 
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Tritiated water in a glass ampoule with an activity of ici was 
instantaneously injected into the inlet stream of pond #1 using a 
specially constructed bottle breaker. Samples from the discharge 
stream of each ponds were distilled with activated charcoal before 
assaying by the liquid scintillation counting (LSC). Time intervals 
between sampling (using automatic discrete water sampler) are ' 
increased from 1 hour during the day of injection to 4 to 5 hours, 
half a day, 1 day and 2 days as the test progressed. 

Aliqout of Tc-99m for detailed monitoring of tracer dispersion in 
individual pond was injected by pumping into the inlets at a constant 
flow rate using a peristaltic pump over a period of 1 hour (see Fig. 
8). For each pond, 100 mCi of Tc-99m was diluted to 20 litres of 
water in a 25 -litre plastic container and then pumped out into the 
inlet. After the 20 litre of solution was pumped out, an additional 
10 litre of water was pumped through to flush out the remaining 
tracer. 

The residence time distribution (RTD) curves for both ponds are 
shown in Figs. 9(a) and 9(b). From these curves, the mean residence 
time (tm) (the time coordinate of the centroid) are determined, 
hence the pond efficiency can be estimated. As calculated, the tm 
of pond #1 and a combination of pond #1 and #2 are 4.1 days and 9.75 
days respectively» Based on plant flowrate, pond volume (V) and tm, 
the effective volume (efficiency) of the pond can be determined 
(i.e. 39% for pond #1 and 46% for both ponds). 

The distribution of Tc-99cm in the pond was followed at 8 transects. 
Transect ropes were stretched across the ponds and each transect 
consists of 12 sections. Activity levels were measured using a Nal 
detector suspended from a flat bottomed boat manouvered carefully 
along the transect lines. Measurements were taken at 10 cm depth 
increment at 12 equally spaced grid points along each transect. 
Water: temperature was also recorded to study the occurrence of 
thermal stratification and streaming phenomena existing in the pond. 

A typical tracer dispersion in the cross-section o.£ ;a.:transect 
is shown in Fig. 1Q:. The plan view of tracer distribution • 
(isoactivity countour) for both ponds are shown in Fig. 11 and 
12. Thus the presence of dead volumes and flow characteristic 
the pond system could be determined. 

CONCLUSION 

The use of tracer techniques in hydrology brings .many promises and 
in Malaysia these benefits have only just been realised. However, 
the maximum benefit can only be reaped by ready acceptance and 
willingness of the water concerned authorities to use it through 
closer collaboration with the Nuclear Energy Unit under the Prime 
Minister's Department. 
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FIG. 1: LOCATION OF STUDY SITES, MALAYSIA 
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