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ABSTRACT

In this study, an attempt is made to identify some of the factors that affect deep
" groundwater quality and extractable quantity. The potential areas for future deep
groundwater development for drinking purposes of the rural community in Beliatta
area were demarcated. GIS and remote sensing techniques were used as the principal
tools for data processing.

Using GIS application software packages, overlay operations were performed on
available data to identify the attributes of lineaments, fractures, axial traces of folds,
lithology and water bodies that will influence the yield of deep tube wells. The maps
showing the distribution of electrical conductivity, fluoride, pH, hardness, total iron,
calcium and total alkalinity of deep ground water were prepared. The effect of the
presence of fractures, faults, folds and geology on water quality was analyzed
manually. A simplified map showing the distribution of quality of deep groundwater
in the area was compiled.

It has been established that deep groundwater development potential in most parts of
the area is high or moderate. Deep groundwater with or without treatment can be used
for medium and small scale pipe-borne water supply schemes covering around 50-200

households.
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INTRODUCTION

Water, being one of the basic needs for living, plays
a vital role in the life of people. Rural village
community of Beliatta area has a duty to perform
every day in the dry season- that is to collect water
for drinking. As the dry season approaches, the hand-
dug wells in the area gradually go dry and people
have to walk several kilometres to the nearest tube
well to satisfy their water requirements. Drinking
water supply facility in the area is poor due to three
main reasons viz, localized confinement of surface
water, drying up of hand dug wells in the overburden
soil and undesirable taste of shallow groundwater due
to iron and chloride concentration.

Groundwater studies of Sri Lanka in the past have
been focused mainly on the sedimentary terrains.
Although nine-tenths of the country are underlain by
hard crystalline metamorphic rocks, fewer studies
have been done to.identify the nature of deep

fractured aquifers. Deep groundwater is extracted
from fractures found in the hard crystalline rocks
which are massive without intergranular primary
porosity. A secondary porosity has been created by
the process of weathering and fracturing. The process
of fracturing in rocks depends mainly on tectonics
that causes deformation. It is a common practice to
identify geological structures that have resulted from
deformation, when selecting suitable locations for
extraction of deep groundwater.

Identification of factors that affect the yield of deep
tube wells was done using remote sensing methods,
namely, aerial photography and satellite imagery
interpretation. These factors were determined at a
reconnaissance level prior to ground surveys.
Building of models has not been of interest to many
field hydrogeologists in the past as handling spatial
data manually was a time-consuming and difficult
task. However, with the introduction of GIS tools, the
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Figure 1: Climatic zones of Hambantota District. The dotted lines indicate the boundary between ‘different zones.

spatial modelling has become more effective. GIS
modeling is defined as the use of GIS in the process
of building models with spatial data. The basic
requirement in modeling is the modeler’s interest and
knowledge of the system to be modeled. This is why
many models are discipline-specific models. GIS can
assist the modeling process in several ways. First,
GIS is a tool that can integrate different data sources
including maps, Digital Elevation Models (DEM),
GPS data, images and tables. These data sources can
be displayed together and dynamically finked. GIS is
therefore useful for modeling related tasks such as
exploratory data analysis, data visualization and
database management.

The study area is located in the south western part of
Hambantota District in the coastal peneplain of Sri
Lanka with the elevation ranging between 50m and
120m above MSL. Most of the area consists of gentle
slopes. The northern part of the area is hilly and has a
higher elevation while the southern part slopes gently
towards the coast.

There are two streams in the study area. The main
stream is Kirama Oya and has a catchment area of
225 square kilometres. The upper catchment of
Kirama Oya is located outside the study area and
very few perennial tributaries contribute to its flow
within the study area. The stream Seenimodara Ara
has a catchment area of 65 square kilometres and the
entire catchment is found within the study area. An
interesting feature of this basin is the occurrence of
several perennial springs which emerge at the
surface, feeding this stream throughout its course
(Kodippili, 1988). The drainage pattern is mainly
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dendritic .and is greatly influenced by the geological
structure of the area. The path of Kirama Oya follows
the regional thrust fault and the Seenimodara Ara i1s
found to be associated with a shear zone. Several
small tanks are located in the topographic lows of the
area and almost all of them are drying up during dry
season.

Three main climatic zones are recognized in the
Hambantota District based on average annual rainfall.
The area where the average annual rainfall is greater
than 1905mm is named wet zone; intermediate zone
has an average annual rainfall between 1905mm and
1270mm, whereas the dry zone has an average annual
rainfall less than 1270 mm. This dry zone has an arid
zone where the average annual rainfall is between
889mm and 1016mm. The study area of Beliatta lies
in both wet and intermediate zones. However, a
greater part of the area lies within the intermediate
zone (Figure 1). No rain gauge stations are located in
the area and therefore, the average annual rainfall of
the nearest gauging station which is at Tangalle is
assumed to be applicable to the area. The average
annual rainfall recorded in Tangalle area has been
1181mm for the last 20 years. The average daily
temperature is recorded as 26.9 °C. During the
months of June and July the maximum temperature
of 309 °C is recorded while the minimum
temperature of 22.7 °C is recorded during the month
of December.

The study area was selected in such a way that
rainfall and topography do not show much
variation. Geological structure, lithology and the
presence of surface water are considered as
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factors that affect the quantity and quality of
deep groundwater of the area.

GEOLOGY AND STRUCTURE

Geology

The study area which lies within the Highland
Complex is made up mainly of garnet sillimanite
biotite gneiss and chamockite (Figure 2).
Gamet sillimanite biotite gneisses, formally
called "Khondalites”, contain up to 30% large
red gamet grains. Chamockites are coarse
grained with characteristic green, (greasy
appearance and they often form ridges.
Quartzofeldspathic gneisses are found in the
southwest quarter of the study area.
Chamockitic gneisses interbanded with
chamockitic biotite gneisses are observed in the
northern part of the study area. Hornblende
biotite gneisses and granitic gneisses are also
found in the northern part. (Figure 2).

The rocks generally trend east-west and show
15° to 40° southward dips. Higher dips between
45 ° to 70 0 south are found only in the north-

west side of the study area characterized by
topographic highs.

Structure
The structural pattern in the area is dominated

by a series of large east west trending overturned
synforms and antiforms, and crosscutting shear
zones. A major thrust fault trending east west
dissects the area into two blocks (Geological
Survey and Mines Bureau, 2001). The major
shear zones that run either sub-parallel or
oblique to the regional strike dissect the study
area into three blocks. Getamanna overturned
antiform plunges east while the Denagama-
Bedigama Antiform is double plunging east and
west. Denagama-Bedigama Antiform separates
the study area into two parts in the northern side
while the overturned Galagama Synform which
plunges west separates the study area into two
parts in the south.
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Figure 2 Regional geology of the study area (Source: Geological Survey and Mines Bureau, 2001, Provincial Map Series)

49



Amela C. K. Ekanayake, Jagath Gunatilake and H.A. Dharmagunawardana / Groundwater Development in Hard Rocks....

YIELD OF DEEP TUBE WELLS - EFFECTS OF
DIFFERENT FACTORS

Fracture Density

Yields of deep tube wells were plotted against the
fracture density and a linear trend line is drawn to
identify the relationship between yield and the
fracture density (Figure 3). The best fit linear trend
line has the equation

y=287.847x - 123.72

Where y is the yield of the deep tube well and x is the
fracture density and R? value of the equation is
0.1572. R* which is the coefficient of determination
is a measure of the proportion of variation that is
explained by the independent vanable x in the linear
regression model.

The results show that the yield of the deep tube well
increases with the fracture density. However, only
15% of the vanation in the yield of the deep tube
wells can be explained by the variability in the
fracture density.
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Figure 3: Fracture density vs. yield of deep tube
wells

Shear Zones

Yields of only 16 wells located within 600m distance
from the shear zones follow a linear pattern which
gives the equation;

y=-2.6416x+1417.9

Where y is the yield of deep tube well and the x is the
distance from the shear zones, and has the R® =
0.2177 (Figure 4). The results show that the general
trend of the effect is decrement to the distance from
shear zones. Only 21.7% of the vanation in the yield
of the dcep tube wells can be explained by the
variability in the distance from the shear zones.
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Figure 4: The distance from the shear zones vs. yield of
deep tube well

Fault

Yields of 6 wells located within 1,400m distance
from the fault seem to follow a linear pattern which
gives the equation y = -0.4705x + 618.45 (Figure 5)
where v is the yield of deep tube wells and the x is
the distance from the fault. The linear regression
model has the R? = 0.498 showing that about 49.8%
of the vanation in the yield of the deep tube wells can
be explained by the variability in the distance from
the fault.
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Figure 5: The distance from the fault vs. yield of deep
tube wells. Distinct negative relationship of yield with the
distance from the fault is indicated by the graph.

Thrust Faulr
Yields of twwenty deep tube wells located within
2.000m from the thrust fault to the North seem to
follow a linear pattern which gives the regression
equation:

y =-0.0401x + 87.96
and the linear regression model has R? = 0.2087
(Figure 6). Yields of 16 wells located within 2,000m
from the thrust fault to the South seem to follow a
linear pattern which gives the equation:

y =-0.4487x + 779.03
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and has R* = 0.2682. In both equations, y is the yield
of deep tube wells and x is the distance from the
thrust fault.

About 20.8% of the variation in the yield of the deep
tube wells in the North of the thrust fault can be
explained by the variability in the distance from the
thrust fault whereas the southern side shows a
slightly higher percentage which is 26.8%.
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Figure 6: The distance from the thrust fault vs. yield of
deep tube wells. Yields of deep tube wells located on either
side of the thrust fault show negative trend with the
distance from the thrust fault though the correlation
coefficient is low.

Overturned Synform

Yields of 11 deep tube wells located within 600m
from the axial trace of the Galagama Synform to the
north, follow a linear pattern having the equation:

y =0.4348x + 81.855

Where y is the yield of the deep tube wells and x is
the distance from the axial trace of the synform to the
north (Figure 7). The linear regression model has R’
= 0.0803. The increment effect of the yield with the
distance from the axial trace is probably due to
reaching of the area under the influence of
Getamanna Antiform.

Yields of 11 deep tube wells located within 766m
from the axial trace of the Galagama synform to the
south follow a linear pattern which gives the
equation;

y = 1.3245x - 14] .81

and R? = 0.1122 where y is the yield of the deep tube
wells and x is the distance from the axial trace of the
synform to the south,
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Figure 7: The distance from the axial trace of the
Galagama overturned synform vs. yield of the deep tube
wells.

Yields of another 5 wells located between 766m and
2,000m on the same side follow a different linear
pattern having the equation:
y =-0.5768x + 976.33

and R? = 0.5456. The low yields of deep tube wells
located closer to the axial trace may be due to the
weathering and eroding away of the fracture zone
associated with the axial trace of the synform.

Denagama —Bedigama Antiform

A total of 15 wells are located within 1,500m from
the axial trace of the Denagama-Bedigama Antiform
to the south. They follow a linear pattern which gives
the linear regression equation:

y =-0.0535x + 71.88

and R* = 0.2455 where y is the yield of the deep tube
wells and x is the distance from the axial trace of the
antiform to the South (Figure 8).

A total of 6 wells located within 1,204m from the
axial trace of the Denagama-Bedigama Antiform to
the North, seem to follow a linear pattern which gives
the equation y = 0.0615x - 4.6607 and R*> = 0.2177
where y is the yield of the deep tube wells and x is
the distance from the axial trace of the antiform to the
North. A limiting distance for the effect of the
antiform on well yield to the north of the axial trace
cannot be identified due to lack of data. The increase_
in the well yield may be due to reaching another
geological structure beyond the study area.
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Figure 8: The distance from the axial trace of the
Denagama - Bedigama Antiform vs. yield of deep tube
wells.

Getamanna Overturned Antiform
Yields of 15 wells located within 1500m from the
axial trace of the Getamanna antiform to the north,
follow a linear pattern giving the linear regression
equation:

y =-0.0254x +49.219
and has the R* = 0.0968 where y is the yield of the
deep tube wells and the x is the distance from the
axial trace of the antiform to the North (Figure 9).
Total of 12 wells located within 700m from the axial
trace of the Getamanna antiform to the South, seem
to follow a linear regression model which has the
equation:

y=29733x-16.512
and R’ = 0.3404. Yields of another 3 wells located
between 700m and 1500m on the same side seem to
follow a different linear pattern which gives the
equation:

y=-1.1725x + 1518.2

and R? = 0.8901. In both cases, y is the yield of the
deep tube wells and the x is the distance from the
axial trace of the antiform to the South.

Presence of surface water
Yields of only 21 deep tube wells located within
300m distance from the surface water body seem to
follow a linear pattern which gives the linear
regression equation:

y =-2.6749x + 797.56
and R? = 0.0725 (Figure 10). However, only 7.25%
of the vanation in the yield of the deep tube wells can
be explained by the variability in the distance from
the surface water body.
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Figure 9: The distance from the axial trace of the
Getamanna antiform vs. yield of deep tube wells.

Rock type

None of the specific lithological types is confined to
either low yields or high yields except for garnet
biotite gneiss where only two wells were drilied and
both were low yielding. However, yields of two wells
is not sufficient to reach a conclusion.

The analysis is based on the surface lithology only.
As wells are drilled deeper, they can encounter
different lithological units from the surface lithology.
Most of the data found in the data bases are
incomplete and do not indicate changes in rock type
at depths. From this analysis, it can be interpreted
that surface lithology data alone cannot be used to
identify a direct relationship with the yield of deep
tube wells in the area.

Yield of Deep Tube Wells - Combined Effect of
Identified Factors

The identified effects of fracture density, faults, shear
zones, thrust fault, overturned antiform, overturned
synform, antiform and the presence of the surface
water as well as the interpolated yield of existing
wells were used for the analysis. Surface lithology
was not taken for the analysis as a linear relationship
between lithology and well yield cannot be
established.

Weights based on the R? value of the trend lines were
assigned to all the maps showing the tidentified
effects. Weighted sum operation was performed on
the maps and resulting raster grid was reclassified.
The resultant map shows the distribution of deep
groundwater in Beliatta area (Figure 11). It shows a
clear low yield zone (<50 I/min) between the north of
the thrust fault and the axis of Denagama-Bedigama
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Antiform. Another main low yield zone is located at
the south eastern corner of the study area. High yield
zones (>500 I/min) are found to be associated in the
south of the trust fault, south of Getamanna Antiform
and shear zone. Another high yield zone is found in
the northern part of the study area associated with the
mechanical fault. When compared with the ground
truth the accuracy of the model is 70%.

Quality of Deep Groundwater - Effect of Different
Factors

Geological Structures

Level of electrical conductivity and total hardness in
deep groundwater do not show any significant
relationship with major structures. Low pH zones are
found to be associated with the thrust fault,
overtumed antiform and overtumed synform.
However, no specific pattern can be identified.

High iron concentrations can be associated with
Getamanna antiform, Galagama synform and the
shear zone. Yet, a specific pattern could not be
established. High calcium (>200mg/l) in deep

groundwater can be assoctated with Getamanna

overturned antiform and its plunging direction. High
alkalinity (>400mg/l) in deep groundwater can be
associated with -Denagama-Bedigama antiform and
the shear. These areas occur as isolated patches and a
definite pattern cannot be established.

High fluorides (>1.5 mg/l) in deep groundwater can
be associated with overturned antiform and the thrust
fault. However, a significant relationship of the
occurrence of high fluoride with the major geological
structures cannot be identified.

Periodic/ seasonal sampling has not been done in the
area. Even though seasonal water quality changes
have not been reported, it may well happen without
changing the taste, odour or colour so that the change
may remain undetected by the users. Samples
collected at dry periods may show higher
concentration of ions and could be the reason for
having isolated areas of poor water quality.
Furthermore, most of these patches with poor water
quality occur in the areas with low fracture densities
where the recharging and dilution of ions are limited
due to the lack of interconnecting fractures. As a
result, higher concentration of undesirable ions may
occur in the deep groundwater of these areas.

Surface Lithology

Deep groundwater found in quartzites preserves the
maximum desirable drinking water standards of all
the analyzed chemical parameters except for iron.
Quality of deep groundwater found in

quartzofeldspathic gneiss and garnet biotite gneiss
falls within the maximum permissible limit of the
analyzed parameters except for iron.

For other lithological units, amount of iron and
fluoride can be present in a large range, within the
maximum permissible limit as well as above that
limit,

As such, a definite pattern cannot be identified.
Occurrence of high iron may be due to the
weathering of red garnet which is present in most of
the rock types found in the area, especially garnet
sillimanite biotite gneiss.

Total hardness, calcium and total alkalinity amounts
present in deep groundwater found in biotite
hornblende gneiss and massive granite gneiss is
within the maximum permissible limits. Chemical
quality of deep groundwater found in charnockites,
varies in a wide range, below and above maximum
permissible levels. A significant correlation of
quality of deep groundwater with chamockite cannot
be established.

Reclassification of Quality of Deep Groundwater
Seven maps depicting deep groundwater quality
(showing the distribution of electrical conductivity,
fluoride, pH, total hardness, total iron, calcium and
total alkalinity of deep ground water) were combined
using the combine tool. Attribute table of the
combined map contains the limits of all the analyzed
parameters relevant to each land area. Using the
attribute table, the resulting map was reclassified into
three main groups namely, good, modcrate and poor
water quality based on the levels of all the analyzed
chemical parameters. The classification criteria are
given in Table 1.

The map showing the quality of deep groundwater in
Beliatta area is given in Figure 12. Zones with poor
water quality do not show any significant relationship
to the major structures. However, two patches of such
areas are found on the south of both Denagama-
Bedigama antiform and Getamanna overturned
antiform. Greater part of the area comes under the
moderate quality of deep groundwater category.

Occurrence of deep groundwater having analyzed
parameters within the SLS drinking water standards
is limited to two major zones at the south west corner
and the castern part of the study area. lIsolated
patches scattered all over the area.
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Table 1: Classification of deep groundwater quality

Deep
Groundw ater

Quality’

Class

Description

All the analyzed chemical
parameters are within the SLS
drinking water standards
permissible level

1 Good

At least one chemical
parameter or all the chemical
parameters are within the
treatable range

At least one chemical
parameter is within the
untreatable range

Moderate

3  Poor

DEMARCATION OF POTENTIAL

Areasfor Deep Groundwater Development

Maps showing the occurrence of deep groundwater
and the distribution of quality of deep groundwater
were overlaid and analyzed using the intersection
tool. Resultant map was reclassified into five types of
development potential areas: namely, very high, high,
moderate, poor and very poor. Deep groundwater
development potential was categorized into above
five groups considering the service capacity (180
liters per capita demand per day) which depends on
the extractable quantity of deep groundwater in the
area and the quality of it The classification is given
in Table 2. The reclassified map (model) showing the
deep groundwater development potential in Beliatta
area is given in Figure 13. Table 3 Shows the total
land area coming under each category of deep
groundwater development potential.

LEGEND

Table 2: Classification of deep groundwater
development potential

Development
Potential

Very High

High

Moderate

Poor

Very Poor

Table 3:

Service Capacity'

Deep groundwater can be used for large
scale pipe borne water supply schemes
covering more than 200 households with
or without treatment

Deep groundwater can be used for medium
scale pipe borne water supply schemes
covering around 100-200 households with
or without treatment

Deep groundwater can be used for Small
scale pipe borne water supply schemes
covering around 50-100 households or
pumping wells for individual households
with or without treatment

Deep groundwater can be used for hand
pump tube wells serving as point sources
Deep groundwater cannot be wused for
drinking purpose due to poor quality and/or
low yield

Land area coming under each category

of deep groundw'ater develo tment potential.

Deep Groundw ater

Il and Area (km 2)

Development Potential

Very High
High
Moderate
Poor
Very Poor

DEEP CROUNDWATER
DEVELOPMENT POTENTIAL

U1l

Wty High
High
Moderate
Poor

Wry Poor

12.8
28.2
58.9
334
2.3

Figure 13: Deep groundwater
development potential in Beliatta area
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CONCLUSIONS

Of all the geological structures present in the area,
fracture density together with the Getamanna
Antiform exerts the highest positive impact on the
yield of deep tube wells. Statistical analysis shows
that the correlation with the real factors and the
productivity of the deep tube well is not significant.
This is because, in hard rock terrains, the influence of
the selected factors can be complex, sometimes
interconnected, individual or retarding. Electrical
conductivity, total iron, fluoride, total hardness,
calcium, pH, and alkalinity in deep groundwater are
influenced by the geological structures and
lithological type in the area. Overall quality of deep
groundwater in most parts of Beliatta area can be
considered as moderate. 1.e. Water can be made
potable by treatment.

The model prepared by the combination of all the
identified effects of geological structures and

surface water bodies has the accuracy of 70%.
Eventhough the individual contribution of
influencing factors are less significant, weighted
overlaying can compensate for the results and

increase the accuracy of the model. Deep.

groundwater can be used to cater the drinking water
demand of the rural community of the Beliatta area.
Deep groundwater development potential in most of
the area is high or moderate.

The study reveals that remote sensing surveys using
satellite imagery and aenal photographs and
application of GIS on compilation of hydrogeological
maps, from which approximations of the deep
groundwater occurrence can be made. ,

Remote sensing techniques and application of GIS
software are very effective tools in hydrogeological
investigations and modeling which can drastically
reduce the cost of groundwater development
programmes in the hard rock areas of Sri Lanka.

RECOMMENDATIONS

It is recommended to conduct detailed field
hydrogeological surveys in more promising areas and
field test the model to validate. It is economical to
identify high potential areas using GIS and remote
sensing techniques prior to the field surveys.

Further improvements to the model incorporating the
depth and elevation data are recommended.

The understanding of hydrogeological characteristics
of any hard rock terrain is not a simple task. The task
becomes impossible when the relevant data is not
compiled properly and the access to the data is
restricted. It is recommended to implement a national
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level deep tube well data compilation programme
from which free access to data is permitted.
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