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ABSTRACT

The filtration velocity of the groundwater was determine by introducing
1mCi Br-82 into a borehole. Br-82 was in the form of potassium bromide.
The result showed that the filtration velocity varies from 2.3 to 4.5 cm/day
depending on the soil matrix with the clayey layer posting more resistance
to flow. Au-198 in the form of aurium chloride was introduce into two
other boreholes to determine the direction of flow. The general trend of
flow was in the direction between N140E and N160E.
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INTRODUCTION

The linkage between man and the environment has always been closely associated
with human activities physically and culturally through the demand of water supply.
The development of such activities on land has created, in some cases serious
environmental impact to groundwater such as ground subsidence, salt water intrusion
and groundwater pollution. In handling such scenario, Lankhorst Environmental
Services has engaged Malaysian Institute For Nuclear Technology Research to carry
out part of it's EIA study on groundwater flow pattern within a sludge farm in Port
Dickson, Negeri Sembilan.

The experimental site is mainly reclaimed by laterite, which is, in a way may limit
the migration of contaminants to the groundwater system. There are three boreholes
(Nos. 1, 2 and 3) situated around the sludge farm currently used to monitor the
fluctuation of groundwater table. The area is diagramatically presented in Fig.1. The
profile of boreholes Nol and No.3 is indicated in Fig.2.
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PRINCIPLE OF STUDY

The velocity of groundwater flow can be estimated by the use of hydraulic
principle. According to Darcy [l], the flow in water-bearing soil varies directly to
the slope of the hydraulic gradient. By applying this law, with an appropriate test
inside the boreholes, one can established point dilution method using a tracer.

The horizontal Darcy or filtration of the groundwater flow can be measured with the
above method. The dilution of tracer inside this volume (V) takes place to the

following differential equation,
gg - Ccdv

= 3.1
dt V, dt G-D
where;
C = concentration
t = time
V = filtration velocity
4ozl
C, =C exp| - 3.2
P[ = J (3.2)

where
d = borehole diameter
a = coefficient accounting for the hydrodynamic disturbance

If ¢, 1s the time needed for a concentration decrease to 10 times, i.e. C/Cy = 10,
the following equation can be derived:

_ _1.81(!

v (3.3)

R

1710

With the assumption that there is no vertical flow, a method based on the labelling of
the water column in the borehole with tracer can be used to obtain the filtration
velocity.

The direction of groundwater flow can be determined by rotating a collimated probe
360 degrees. The orientation of the probe can be ascertained by magnetic compass.
The tracer concentration is recorded as a polar diagram. The flow direction is
indicated by higher tracer concentration.
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EXPERIMENTAL APPROACH

Measurement of filtration velocity

Borehole No. 2 with 7.6 cm internal diameter was chosen to determine the filtration
velocity of groundwater. Radioactive Bromine-82 was used as tracer to label the total
water column. The profiles of tracer concentration were measured using a watertight
scintillation probe.

The water column in borehole No. 2 was labelled with Bromine-82 (ImCi). Time series
tracer concentrations of the water column were monitored to determine the rate of
dilution. The wvariation of dilution were plotted against elapsed time to obtain the
value of 1,,,, (Eq. 3). The filtration velocities were then calculated with respect to the soil
profile.

Measurement of Groundwater Flow Direction

Boreholes Nos. 1 and 3 were chosen to investigate the groundwater direction. The
profiles of tracer concentration were measured by using a collimated watertight
scintillation probe.

Gold-198 solution (20 pCi/ml) was dripped into the boreholes and lef‘t‘. overnight. to
allow the tracer to flow freely and adsorped onto the borehole screen. The probe was
inserted into the borehole at every 0.5 meter depth interval. It was rotated at every 20
degree in clockwise direction with respect to O degree North. The tracer concentrations at
each interval were recorded and plotted in a radial graph mode and from the curves, the
direction of groundwater can be deduced.

RESULTS AND DISCUSSIONS

During the experiment the weather condition was predominantly dry. The ambient
temperature was almost consistent within 30 - 35°C. The water level of Borehole Nos. 1,
2 and 3 are 1.65 m, 0.70 m and 2.80 m below the surface respectively. The area is
generally sloping towards South-East. Borehole No. 3 is located in the reclaimed area.

Figure 3a shows the variation of tracer concentration at different depth and elapsed time
(time after injection of tracer) of Borehole No. 2. From the observation, it is clearly
shown that there are three separate dilution segment which coincide with the three soil
layer namely laterite, sandy clay and silty clay as shown in Fig. 2 in borehole profile.

Figure 3b shows the dilution of tracer at different elapsed time at Borehole No. 2, based

on the three soil profiles, from which z,,, are determined. The filtration velocities are
calculated using Eq. 3.3. They are summarized in Table 1.
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TABLE 1: The variation of filtration velocity at different soil profile.

Soil profile Elapsed time for C /C=10 Filtration velocity
(£1/10» hours) (cm/day)
Laterite 74 4.5
Sandy clay 76 4.3
Silty clay 145 23

The results of flow direction for Borehole Nos. 1 and 3 are shown in Figs. 4a and 4b
respectively. The general direction of the flow is between N140E - N160E.

CONCLUSIONS
Based on this study, the following conclusions can be derived:

1 The main pattern of the groundwater in sludge farm area is flowing toward N140E
- N160E direction.

2. The filtration velocities in the area showed some variation depending upon the
characteristics of the soil. The value ranged between 2.3 to 4.5cm/day.

3. The flow in silty clay is found to be slower than that of sand and laterite.
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Fig. 4.a : Groundwater direction plot for borehole No. 1
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Fig. 4.b . Groundwater direction plot for borehole No. 3
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