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Summary

It is now clearly recognized that the groundwater present in the hard rock region of the dry zone of
Sri Lanka is made up of the shallow ‘Regolith Aquifer’ and the deeper fracture zone aquifer.
However, up to now no study had been carried out or reported in this country on the dynamic
nature of this shallow regolith aquifer. This is the very first study carried out and reported in this
regard.

The Malala Oya Basin is located within IWMI’s study area of the Ruhuna Basin, and it is
made up of 17 individual sub-watersheds or cascades. The study area included four of these cascades
which are located within the upper segment of the Malala Oya Basin. The recently constructed
trans-basin feeder canal cuts across two of these cascades as shown in Figure 6 of this report.

The chief objectives of this study were to a) characterize the mode of occurrence of the regolith
aquifer within the study area, b) monitor and quantify the pattern of depletion as well as the pattern
of replenishment of the aquifer through the wet and dry seasons, and c) understand the nature of
changes in the chemical quality in the aquifer through the dry and wet seasons. As part of the study,
it also evaluated the present impact of the Mau Ara trans-basin canal on the groundwater conditions
below the area of influence of this trans-basin feeder canal.

The presently functioning open dug wells that are present within the study area were chosen
for monitoring the water table of the regolith aquifer. A total of 25 such dug wells were selected
for this study and their location is shown in figures 9 and 21. As seen in figures 9 and 21, these
dug wells are located within the area bordering the main axis of the natural drainage of landscape
and are situated just below the seepage zone of the small village tank. As explained in Figure 5,
the regolith aquifer is situated within the low-lying aspect of these inland valleys that drain this
landscape.

The field studies included (a) weekly monitoring of the depth of the water table of the 25 dug
wells, and (b) monthly sampling of the 25 dug wells for measurement of electrical conductivity
(EC), and chemical analysis was carried out in the laboratory for Na, K, Ca, Mg, F, Cl, SO4 and
hardness. Water releases to the trans-basin canal were also monitored from June to December 2004.

Results show that the main depletion of groundwater levels takes place from May onwards, as
shown in Annex 1. The depletion of the groundwater ranges between 3.0 and 6.0 meters below
ground level (m.b.g.l.) and takes place over a 23-week period up to October. The depth to depletion
increases with the macro-elevation of the landscape, with the wells located in the higher aspects
having a depth to depletion of between 6 to 8 meters (m) as compared with 3 to 4 m in the lower
aspects. The groundwater levels in the dug wells located below the trans-basin feeder canal were
maintained at an acceptable level because of the intermittent flows that took place in the trans-
basin feeder canal during July to September. The important implication of this latter result has
been discussed.

With reference to the mode of replenishment, it was shown that by the end of November a
majority of the dug wells had reached their maximum groundwater level except for four wells which
showed a slower rate of replenishment and reached this maximum level only by the last week of
December. These latter four wells are situated further away from the main drainage valley, and are
located in the upper aspects of the landscape. It is also observed that a cumulative rainfall of 170
millimeters (mm) is needed to saturate the soil profile, and that a response from groundwater
commences only after this amount of rainfall has been received. In sum, it is observed that the
mode of replenishment is very similar in relation to the macro-topography and relief, but that slight
variations can be observed in relation to differences in the micro-topography of the relief.
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Three broad categories of electrical conductivity (EC) of low, medium and high were recognized
on the basis of the monitored values for EC. A very small rise in the value of EC is observed
following the initial Maha rains, which is attributed to the leaching of salts accumulated within the
soil profile during the dry season. Despite a decline in groundwater levels through the dry season
(May to September) no corresponding change in EC could be observed. It is therefore argued that
the underlying regolith aquifer which feeds these wells has adequate capacity to recover and this
would enable the maintenance of the quality of water in dug wells over the six-month dry period. It
is also clearly evident that all wells located along the natural drainage ways have a low EC value
because there is sufficient flushing out of soluble salts which drain into these free-draining situations.
Wells that show a high EC value are located at the break of a slope in the landscape, and also
where there is an underlying sub-surface obstruction.

Wells that have a low fluoride content are found to be located in positions of the landscape
where drainage, and also the flushing out of groundwater under natural conditions, is very good.
Wells that have a moderate fluoride content are found to be located in positions that are close to
the axis of the main drainage system where there is moderate sufficiency of drainage and flushing
out. Wells that have a high fluoride content are all located at inter-flow sites in the landscape where
there is insufficient flushing out of the water table.

Both the chloride contents as well as the seasonal trends in chloride contents follow the same
pattern as the fluoride values described above.

Based on the results of the variation in sulphate content over the study period, it is suggested
that the sulphate content in well water could be used as a reliable indicator of the quality of well
water. Matching the World Health Organization (WHO) guidelines for the sodium content of drinking
water, all wells except the well numbers 3, 21, 27, 37 and 39 could be considered to fall within the
suitable category.

With reference to the impact of the trans-basin feeder canal on the groundwater conditions below
the canal, it is clearly shown that the intermittent flows in the trans-basin feeder canal have helped
to sustain a minimal water table of between 4 to 5 m.b.g.l. during most of the dry period up to
September-October. This condition of a reliable availability of groundwater during the very dry
months of July-September in locations below the trans-basin feeder canal would ensure a more
productive settlement activity in this area of influence.
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INTRODUCTION AND GENERAL BACKGROUND

For several years the British Geological Survey had been investigating the nature of the aquifer
that occurs within the regolith of the hard rock regions in tropical Africa and South Asia, a larger
part of which is underlain by crystalline basement rocks such as granites, gneisses, schists and
quartzites. These investigations have shown that the groundwater in these areas, which are underlain
by crystalline basement rocks, normally occur in two main forms: (1) the shallow regolith aquifer,
and (2) the deeper fracture zone aquifer. The term ‘regolith aquifer’ has come into use mainly
over the last 15 years.

In the course of the studies carried out on aspects of the hydrogeology of the shallow –
weathered zone of the hard rock areas in Sri Lanka over the five year period from1983–1988 by
the British Geological Survey in collaboration with the Water Resources Board of Sri Lanka, the
key findings as reported by Herbert et al. (1988) are that (a) there is a water table at the regolith-
hard rock interface over most of the dry zone, and (b) the more permeable zone of the regolith is
in the top of the interface, namely in the Sap Rock.

In general, the uppermost section of the basement rocks have been altered by the tropical
weathering processes to form a distinct horizon of varying depth termed the regolith. This regolith
is made up of the upper ‘saprolite’ or highly weathered rock, and the underlying ‘saprock’, which
is a slightly weathered rock. Most dug wells penetrate only to the top of the saprock horizon as
digging becomes more difficult once this saprock is reached. The water table is mostly found within
the saprolite, which provides a substantial storage for extraction. The thickness of the saprolite
and saprock zones can vary greatly in proportion and scale from site to site.

Based on the experience of the British Geological Survey in the basement hard rock regions
of tropical Africa, Wright and Burgess (1992) conclude that “Basement aquifers are of particular
importance in the tropical regions because of their widespread extent and accessibility, and also
because there is often no readily available alternative source of water supply for the widely scattered
rural communities.” This holds true for most of the dry and semi-arid parts of the dry zone of Sri
Lanka where there are many scattered village settlements.

In these regions the traditional hand-dug wells have been abstracting water from this basement
regolith aquifer for their village domestic requirements over a period of at least two millennia. Despite
their relatively low yields and seasonal water level fluctuations, these hand-dug wells have provided
the basic domestic water needs that make human settlement possible in these dry environments.

Development of the regolith aquifer component is normally carried out by digging wells (dug
wells), whereas development of the fractured bedrock component is typically carried out by drilling
deeper boreholes as shown on Figure 1.

EVOLUTION OF OUR UNDERSTANDING OF THE REGOLITH AQUIFER IN
SRI LANKA

The earliest studies of groundwater in the hard rock region of this country were by Sirimanne
(1952), in which he had pointed out that the un-weathered crystalline rocks, by their very nature,
are relatively impervious and non-porous, and what circulation takes place is mainly along joints
and fissures and also along planes of foliation and cleavage. As summarized by Cooray (1988),
“there is, therefore, no continuous body of groundwater with a single water-table in crystalline
rocks, but rather separate pockets of groundwater, each with a distinct water table.” A sketch
diagram showing the occurrence of groundwater in such pockets in crystalline rocks according to
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Sirimanne (1952) is shown in Figure 2. This figure shows that the utilization of such water pockets
depends on their exact location in the underlying weathered rock topography, and therefore
haphazard well sinking in areas of crystalline rock often leads to failure.

Figure 1. Shallow dug well and deep bore well.
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The first systematic study of groundwater table behavior in the dry zone was reported by
Panabokke (1959). Based on this study, the highest and the lowest positions of the wet season
water table recorded over a period of 8 years, as well as typical dry season positions of the water
table, is shown in Figure 3. As shown in Figure 3, the landscape position within which groundwater
could be tapped during the dry season is that lower depth in the valley, within which the Yala season
water table is present.

Figure 3. Groundwater behavior Maha Illuppallama (1950-1960).

Figure 2. Sketch showing occurrence of groundwater in pockets of crystalline rock.

With the rapid increase in agro-well development that had taken place in the late eighties, a
very large number of both successful and unsuccessful agro-wells had been constructed all over
the Anuradhapura District. It was initially observed that most of these agro-wells were distributed
around the small tanks and also in close proximity to the village settlements along the tanks. Instead
of using any scientific means of groundwater exploration, the indigenous knowledge of the villagers
was used in the siting of these early agro-wells.

It was only around the mid-1990s when the International Irrigation Management Institute (IIMI)
had completed a study of the small tank cascade systems in the Anuradhapura District under the
International Fund for Agricultural Development (IFAD) supported Participatory Rural Development
Project (PRDP) investigations, that a clear picture began to emerge on the relationships between
the location of the small tank cascade systems and the underlying regolith aquifer. It is in that
study that the hydrology of the small tank cascade systems were subjected to a critical analysis,
which brought out the position and dynamics of the groundwater regime within these small tank
cascade systems as reported by Sakthivadivel and Panabokke (1996) and Senaratne (1996).
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It is now clearly recognized that the large number (more than 15,000) of small tanks that are
distributed across the hard rock undulating landscape of the dry zone are not randomly located
and distributed as commonly perceived; rather, they are found to occur in the form of distinct
cascades that are positioned within well-defined small watersheds or meso-catchment basins.

The shallow regolith groundwater within these cascades is mainly confined to a narrow belt
along the main valley of each cascade, and to a smaller extent along the side valleys which are
shown in Figure 4. It could thus be seen that this shallow groundwater is restricted to a definite
landscape position within a cascade of small tanks and is not ubiquitous as commonly perceived.
The depth of this shallow groundwater is usually between 5 to 10 m, and as shown in Figure 5, it
is this shallow groundwater in the lower part of the valley that is being tapped by the agro-wells.

Figure 4. Schematic representation of groundwater area within a cascade.
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Figure 5. Shallow regolith aquifer in lower part of valley in the landscape.

OBJECTIVES OF THE STUDY

The five main objectives of this study were as follows:

1. Characterize the mode of occurrence of the regolith aquifer within the respective cascades
(sub-watersheds) that were selected for this study.

2. Monitor and study the physical nature of seasonal changes that take place in the regolith
aquifer, namely,

a. the pattern of depletion of the regolith aquifer through the dry season, and

b. the pattern of replenishment of the regolith aquifer through the wet season.

3. Establish the relationships of the above pattern of recharge and replenishment of the regolith
aquifer with reference to both the macro- and micro-topographical aspects of the landscape.

4. Monitor and study the chemical nature of the seasonal changes that take place in the
regolith aquifer, namely the pattern of variation in the chemical quality of the groundwater
of the dug wells through the dry and wet seasons, respectively.

5. Examine the possible causes for the variation in chemical quality of the groundwater over
the wet and dry seasons, especially the changes that take place immediately after
commencement of the wet season.

In addition, the following two sub-objectives were also to be addressed:

1. Evaluate the impact of the Mau Ara trans-basin canal on the groundwater conditions below
the area of influence of the trans-basin feeder canals.

2. When conditions permit, conduct pumping tests in selected locations in order to establish
the transmissivity of the regolith aquifer at strategic locations.
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STUDY AREA AND STUDIES CARRIED OUT

The study area was the upper segment of the Malala Oya Basin, across which the recently
constructed trans-basin canal traverses. A map of the whole Malala Oya Basin together with the
location of the trans-basin canal is shown in Figure 6. As also shown in Figure 6, the Malala Oya
Basin, which is 405 square kilometers (km2) in extent, is made up of 17 individual cascades or
sub-watersheds. The proper study area included the four cascade numbers 5, 6, 8 and 9 as shown
in Figure 6. The trans-basin canal crosses cascade number 12 on the right bank, and cascade
numbers 6 and 5 on the left bank of the Malala Oya Basin.

Figure 6. The Malala Oya Basin and location of trans-basin feedìs/cmer canal.
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The areal extent of each of the sub-watersheds and the locations of the dug wells that were
included in this study are shown in Figure 7.

Malala Oya Basin
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Figure 7. The areal extent of each of the sub-watersheds and the locations of the dug wells.

The Malala Oya Basin is a highly water-short basin as reflected in the overall water balance
for this agroecological region where the mean annual rainfall is around 1,000 mm while the mean
annual evaporation is around 1,550 mm. At present there are a total of 371 small tanks within this
basin, of which only 29 tanks are currently functioning, and that too only during a single wet season
Maha crop of paddy in a good season. This gives a measure of the hydrological stress that occurs
within this basin.

In order to ameliorate this adverse water deficit, the Department of Irrigation (DI) had
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second (cumec) capacity, which commences from the Mau Ara Reservoir (41 million cubic meters
(MCM)) and proceeds along the landscape contour, as shown in Figure 8, into the Malala Oya
Basin in its upper reaches. As shown in Figure 6 it traverses cascade number 12, Meegahajandura,
on the right bank of the main Malala Oya, and after having crossed the main Malala Oya River by
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an underpass it traverses the two cascades numbered 6, Ranmudu Ara, and 5, Gatakubuka Ara,
which are located in the left bank of Malala Oya and formed the area of this study. As shown in
this figure, this trans-basin feeder canal presently augments the minor tanks of Meegahajandura
and Indiwewa on the right bank; and the Ranmudu Wewa and Maha Aluthgam Ara Wewa on the
left bank before ending up at the Pallemattala Wewa.

Figure 8. Traverse pathway of the trans-basin feeder canal.

The presently existing and functioning open dug wells within the study area were chosen for
monitoring of the water table of the regolith aquifer. These open dug wells range in size from 0.9
m to 2.7 m in diameter and from 3.9 m to 9.0 m in depth, and have been in continuous use by the
village settlers in this region for more than 75 years. A total of 25 dug wells were selected for this
study, and their location and number is shown in Figure 9. As shown in Figure 9, 20 dug wells
numbered 9, 13, 16, 18, 21, 22, 26, 27, 29, 30, 31, 32, 34, 36, 37, 38, 39, 40, 41 and 42 are located
above the trans-basin feeder canal, and five dug wells numbered 1, 3, 4, 5 and 35 are located
below the trans-basin feeder canal.

From this figure it is also to be noted that all these domestic dug wells are located within the
area bordering the main axis of the natural drainage of the landscape, or is just below the seepage
zone of the small village tank. As previously shown and explained in Figure 5 the regolith aquifer
is situated within this lower-lying aspect of this undulating landscape.
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Figure 9. Well locations and trans-basin feeder canal.

With reference to the studies that took place over the 12-month period from January to
December 2004, the main field studies and laboratory studies carried out were as follows:

• Measurement of daily rainfall at two locations within the study area as shown in Figure
10.

• Weekly monitoring and measuring the depth of the water table of the 20 dug wells located
above the trans-basin feeder canal, as well as the 5 dug wells located below the trans-
basin feeder canal as shown in Figure 9.

• Computing and plotting the change in depth of the water level below ground level (b.g.l.)
on a weekly basis.

• Monthly sampling of all 25 dug wells for measurement of Electrical Conductivity (EC),
and for chemical analysis of nine chemical properties (EC, TH, F, Cl, SO4, Na, Ca, Mg
and K).

• Laboratory analysis of foregoing water samples, and computing and plotting of results.

In addition, the tank storage of Gal Amuna Reservoir and releases to the trans-basin feeder
canal were also monitored from June to December 2004.
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Figure 10. Rain gauging locations within study area.

RESULTS

Physical Change – Nature of Seasonal Changes in Groundwater Levels of the Regolith
Aquifer

Patterns of Depletion of Groundwater Levels through the Dry Season

The locations of the 25 dug wells that were monitored in this study are shown in figure 9. As
shown in this location map, six wells, numbered 37, 38, 39, 40, 41 and 42, are situated in the upper
aspects of the Malala Oya Basin, and 14 wells, numbered 9, 13, 16, 18, 21, 22, 26, 27, 29, 30, 31,
32, 34 and 36, are situated in the middle aspects of the basin. The five wells, numbered 1, 3, 4, 5
and 35, are all situated below the trans-basin diversion canal.

It can also be observed from this same figure that these dug wells are mostly located within
the drainage axis of the second or third order drainage ways that make up the natural drainage
network of the respective cascades.
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The weekly rainfall data for the period January to December 2004 for the two rain guage
stations, Bodagama in the upper part of the basin and Ranmudu Wewa in the middle aspect of the
basin, are shown in Figure 11. The monthly rainfall data for the period January to December 2004
for these same two stations are shown in Figure 12. The trans-basin feeder canal flow for the
period 24 June to end December 2004 is shown in Figure 13.

Figure 11. Weekly rainfall pattern for January to December 2004.

Figure 12. Monthly rainfall for Bodagama and Ranmudu Wewa - January to December 2004.
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Figure 13. Trans-basin feeder canal flow - June to end December.

The pattern of change in the groundwater levels in each of the 25 monitored dug wells over
the period commencing the first week of January through to the last week of December in 2004
is shown in Annex 1. These figures show the weekly measured values of the water table below
ground level (b.g.l.) for each of the 25 dug wells that were monitored.

The foregoing data for the 20 dug wells located above the trans-basin feeder canal was then
pooled into a single trend curve, and compared with the pooled trend curve for the five dug wells
located below the trans-basin feeder canal. The two curves are shown in Figure 14.

Figure 14. Seasonal trends of changes in groundwater level – January to December 2004.
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This figure gives an overall generalized picture of the seasonal trends of changes in the
groundwater level throughout the study period of twelve months from January to December 2004.
As shown in Figure 14, the main decline in the groundwater level takes place from mid-May
onwards. With reference to the dug wells located above the trans-basin feeder canal, a real decline
in the groundwater level from a value of 3.3 to 5.5 m.b.g.l. takes place over a period of 23 weeks
from the second week of May to the second week of October.

With reference to the dug wells located below the trans-basin feeder canal, the main decline
in the groundwater level from 3.0 to 5.0 m.b.g.l. takes place from the first week of August, which
coincides with the curtailing of flows in the trans-basin feeder canal as shown in Figure 13.

It can also be observed from the depletion pattern shown in Annex 1, in all of the 25 dug
wells, that all the wells have reached their lowest groundwater level by the first week of October,
namely the end of the dry season. Taken together with Figure 14 it can also be observed that the
rate of decline or depletion of the groundwater level in all of the 20 dug wells, located above the
trans-basin feeder canal during the period from the first week of July to the first week of October,
is higher when compared with the five dug wells located below the trans-basin feeder canal.

The foregoing observation would indicate that the intermittent flows that have taken place in
the trans-basin feeder canal, as shown in Figure 13, have helped to sustain a minimal level in the
water table between 4 to 5 m.b.g.l. during the most stressful dry period of September to October
when most dug wells in this environment face serious problems of depletion of water supply to
their domestic wells.

This observation would also imply that the trans-basin feeder canal flows, although small and
intermittent, have helped to augment and hold up a minimum depth of the water table, below the
trans-basin feeder canal, that could be exploited for domestic use during this most stressful dry
period of September to October.

It can also be observed in Annex 1 that the sequential pattern of depletion over the period
April to October is not uniform in all the 20 dug wells located above the trans-basin feeder canal.
Well numbers 9, 18, 22, 30, 32 and 34 show a more rapid rate of decline than well numbers 21, 26,
27, 29, 37, 39, 40, 41 and 42, which show a more gradual rate of decline.

A grouping based on the depth of depletion shows that well numbers 40, 41 and 42 show a
depth of depletion value of 8.0 m.b.g.l.

Well numbers 37, 38 and 39 show a depth of depletion value of 5.5 m.b.g.l.
Well numbers 9, 16, and 18 show a depth of depletion value of 5.0 m.b.g.l.
Well numbers 22, 34, 36, 21, 26, 27, 13, 29 and 31 show a depth of depletion value of 4.0 m.b.g.l.
At this stage, it would be too premature to attempt to assign any reasons for this difference in

sequential behavior between the groupings made for the wells monitored. However, it is very evident
that the six wells numbered 37, 38, 39, 40, 41 and 42 are located in the higher aspects of the study
area and should, therefore, show a higher depth of depletion, namely 8.0 m.b.g.l. by the end of the
dry season.

Patterns of Replenishment of the Groundwater Level in the Regolith Aquifer over the
Rainy Season

It can be observed from both Figure 14 and Annex 1 that it is only after a cumulative rainfall of
around 100 mm has been received by the third week of October that the groundwater levels begin
to show a significant difference. It is further clearly brought out in all 25 wells shown in Annex 1
that a rise in the levels of the water table begins to take place in all wells only by the first week
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of November, when a cumulative rainfall of around 170 mm has been received. This implies that
a rainfall of around 170 mm is needed to saturate the soil overburden before any groundwater
recharge takes place.

From the figures shown for all 25 monitored wells (as shown in Annex 1), it can be observed
that by the end of November, or by the first week of December, a majority of the wells have
reached their maximum groundwater level.

Understandably, it can be seen that the maximum groundwater level is reached two weeks
later by mid-December in all of the six wells numbered  37, 38, 39, 40, 41 and 42, which are located
in the upper aspects of the Malala Oya Basin.

It can also be observed from Annex 1 that the rate of replenishment or recharge is very similar
in all the wells except in that of well numbers 13, 21, 29 and 36, which all show a slower rate of
replenishment levels than the other wells. While the other wells have reached their maximum
replenishment levels by the first week of December, these four wells reach their maximum water
level only by the last week of December. As shown in Figure 9, all these four wells are located
away from the main central drainage systems and would, therefore, take a longer time to get
completely replenished.

CHEMICAL CHANGES

Seasonal Changes in Electrical Conductivity (EC)

Based on the values of Electrical Conductivity (EC), obtained from all 25 wells over the twelve-
month monitoring period (Annex 2, Table B1), the following groupings were made:

Group 1. Wells with low EC; 0-750 micro-Siemens per centimeter (μs/cm)

Group 2. Wells with moderate EC; 751-1,500 (μs/cm)

Group 3. Wells with high EC; 1,501-3,000 (μs/cm)

The seasonal change in EC values over the twelve-month period January to December 2004
for all three groupings is shown in Figures 15, 16 and 17.

As shown in these three figures, the wells in Group 1 show very little variation in EC values
up to September. A slight rise in EC values can be observed following the initial Maha rains in
October followed by a slight decline in December.

In Groups 2 and 3, a significant decline is observed up to September/October, followed by a
rise in EC values between November and December.

Surprisingly, no clear relationship can be observed between the general trend in the decline of
groundwater levels in the dug wells through the dry season and the changes in the EC values of
groundwater over the same period. Although one would have expected some degree of increase
in the EC values to take place as a consequence of the decline in water tables, no such trend
could be picked up from the foregoing figures 15, 16 and 17.
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Figure 15. Seasonal changes in electrical conductivity from January to December 2004 –
wells with low electrical conductivity.

Figure 16. Seasonal changes in electrical conductivity from January to December 2004 –
wells with moderate electrical conductivity.
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Figure 17. Seasonal changes in electrical conductivity from January to December 2004 –
wells with high electrical conductivity.
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For the wells located below the trans-basin feeder canal, namely wells numbered 1 and 5 as
shown in Figure 15, a significant increase in the EC values could be observed after August as a
consequence of the stopping of water issues from the trans-basin feeder canal. This could be
considered normal, because the dilution effects caused by seepage from the trans-basin feeder
canal would have ceased, following the stoppage of water issues in the trans-basin feeder canal.

Well number 21 as shown in Figure 17, which had a high value of EC 9,760 μs/cm in October
dropped to a value of 7,320 μs/cm by November, but then recovered to a value of 11,320 μs/cm
by December.

Similarly, well number 27, which had a high value of 12,370 μs/cm in October dropped to a
value of 10,580 μs/cm in November, but then recovered to a value of 17,920 μs/cm by December
as shown in Figure 17.

This behavior can be explained by the fact that both these wells numbered 21 and 27 are
located very much above the natural drainage system in this landscape, and they also have an
inherently high EC value. With the 145 mm of rainfall that was received in early November, a
temporary dilution of soluble salts would have taken place, after which the water in the wells
recovered to their original high EC status.

A similar phenomenon is also be observed in well number 39 which had an initial EC value of
6,200 μs/cm in October, which declined to a value of 3,070 μs/cm in November and recovered in
December.

The moderate rise in the EC values of well number 9 during the period August to December
could be attributed to the decline and drying up of the water level in the Bodagama tank, which
provides the seepage to this well.

The overall picture of the range in EC values of the 25 monitored dug wells is shown in Figure 18.
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Figure 18. Range of EC values of the 25 monitored wells.

As shown in Figure 18, the wells which have a low EC value less than 750 μs/cm are all
located in the lower aspects of the landscape almost bordering the natural drainage way. In this
location there is sufficient flushing and draining out of any soluble salts.

Similarly, wells which have a moderate EC value between 751 and 1,500 μs/cm are also located
in positions where there is good landscape drainage.

In the case of the wells which have a high EC value, these are located in positions where
there is either interflow from the adjacent upland, as is the case with wells numbered 21 and 27;
while well number 39 is located at the confluence of two drainage valleys where soluble salts tend
to accumulate.

Seasonal Change in Total Hardness of Well Waters

Detailed results are shown in Annex 2, Table B2.
The results of the analysis of the total hardness (TH) show that 15 wells numbered 1, 4, 5, 9,

16, 22, 26, 29, 30, 31, 32, 34, 35, 38 and 41 have an average value of total hardness of less than
250 milligrams per liter (mg/l) and a maximum value of less than 400 milligrams per liter in the
studied period. These wells showed a slight decline in the values of hardness following the October-
November rainfall.

Well number 3, located below the trans-basin feeder canal showed a rise in the value of
hardness value after August as a consequence of the interruption of flows in the trans-basin feeder
canal, but a decline in the value of hardness was evident following the November rainfall.
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The three wells numbered 21, 27 and 39, which had a value of hardness of more than 1,500
mg/l, showed a significant decline in values following the October-November rainfall.

Well numbers 21 and 27 showed only a temporary decline and reverted to their higher values
by December, whereas well number 39 showed a continuing decline up to December. This
difference in behavior between these wells could again be explained by their relative positions in
the landscape.

Figure 19 shows the range of average values in hardness for the 25 monitored wells.

Figure 19. Range in hardness values of the 25 monitored wells.

Seasonal Change in Fluoride and Chloride Contents of Well Waters

Details of the seasonal changes in fluoride content in the well water are given in Annex 2, Table B3.
Out of the 25 wells that were sampled every month and analyzed for fluoride content, eight

wells numbered 1, 5, 9, 22, 26, 31, 32 and 41 had an average fluoride content less than 0.6 mg/l,
which is considered a low level.

Six wells numbered 3, 4, 16, 18, 34 and 42 had an average fluoride content between 0.6 and
1.8 mg/l, which is considered a moderate level.

Eleven wells numbered 13, 21, 27, 29, 30, 35, 36, 37, 38, 39 and 40 had an average fluoride
content higher than 1.8 mg/l, which is considered a high level.

The distribution pattern of the location of these three categories of well water is shown in
Figure 20. As shown in this figure, wells numbered 13, 21 and 27 are located at interflow sites in
the landscape where there is inadequate flushing out of the water table; and hence the high value
of fluoride content. It is surprising that well number 35, though located below the trans-basin feeder
canal, shows a high value of fluoride content. This, together with wells numbered 37 and 39 appear
to have a high fluoride content that is related to the underlying parent rock material of the regolith,
namely the biotite gneisse, which are known to cause high fluoride levels in groundwater.

Hardness (CaCO
3 
content - mg/l)

0 - 250
251 - 600
over 600

Malala Oya Basin

Tank (working)

Tank (abandoned)

Trans-basin feeder canal

Malala Oya



19

Figure 20. Good, average and bad wells ranked according to the average fluoride content.

Due to the seasonal variation in fluoride content of the 25 wells that were monitored, a very
distinctive pattern was observed. Between 26 March and 14 May 2004, over an eight-week period,
a total of 203 mm of rainfall was received at Bodagama, and 184 mm at Ranmudu Wewa.

Wells that had a low fluoride content showed a marked decline in fluoride values during this
eight-week period; while wells with a medium fluoride content showed a moderate decline in fluoride
values.

In sharp contrast, wells that had a high fluoride content showed a marked rise rather than a
decline during this same period. This differential behavior between wells of low fluoride and high
fluoride content needs further study.

At this stage of the study, it would not be possible to adduce acceptable reasons for the low
fluoride content of the eight wells, as well as the moderate level of the six wells; and also the
differential behavior between low fluoride and high fluoride wells.

With reference to the chloride content of the 25 wells that were monitored (Annex 2, Table
B4) and the monthly analysis of the well water that was carried out, the results are as follows.

Eighteen wells numbered 1, 4, 5, 9, 16, 18, 22, 26, 29, 30, 31, 32, 34, 35, 36, 38, 41 and 42 had
a chloride content of less than 200 mg/l, which is considered a low level.

Four wells numbered 3, 13, 37 and 40 had a chloride content between 200 and 1,200 mg/l,
which is considered a moderate level.

Three wells numbered 21, 27 and 39 had a chloride content higher than 2,000 mg/l, which is
considered a high level.

With reference to the seasonal variation in chloride content, all categories of wells showed a
similar pattern to those wells of low and medium fluoride categories.
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Seasonal Change in Sulphate (SO4
—) Content of Well Waters

Results of the analysis of the sulphate content in the sampled well waters were available for the
period March to December 2004 (detailed results are shown in Annex 2, Table B5).

There was only a very low variation in the sulphate content in all the wells during the period
March to September. It was only after September that appreciable variations were observed.

Well numbers 21, 27 and 37 had their higher sulphate values in September; these were 566,
1401 and 281 mg/l, respectively. The same wells had their lowest SO4 values in November; these
values were 348, 1,100 and 189 mg/l, respectively.

Well numbers 3, 13 and 39 had their higher sulphate values in September; these values were
98, 141 and 158mg/l, respectively. These same wells had their lower SO4 value in November; these
were 76, 141 and 98 mg/l, respectively.

All other wells had an SO4 value of less than 80 mg/l, and they showed very little seasonal
variation.

Seasonal Variation in Cations (Na+, Ca++, Mg++ and K+) Contents of Well Waters

Results of the analysis of all four cations were available for the period January to December 2004
(detailed results are shown in Annex 2, Tables B6, B7, B8 and B9).

Sodium (Na+)

Adopting the WHO guideline limit of 200 mg/l for sodium in drinking water, all sampled wells,
except wells numbered 3, 21, 27, 37 and 39 showed average values less than 200 mg/l. As a
consequence of the October-November rainfall of around 189 mm, all these five wells showed a
sharp decline in sodium values by November, but started recovering in December.

Well numbers 3 and 13 showed values between 180 and 200 mg/l between August and October.

Calcium (Ca++) and Magnesium (Mg++)

All wells, except well numbers 21, 27 and 39 showed calcium and magnesium values that were
within the acceptable limits of less than 150 mg/l; and they also showed little seasonal variation.

The above three wells showed values in excess of 150 mg/l for calcium, and values in excess
of 250 mg/l for magnesium by the month of November.

The Sodium Absorption Rate (SAR) values were calculated for each of the well waters by
making use of the mean values of Ca++, Mg++ and Na+. The results are shown in Table 1.

As shown in Table 1, only well number 37 has a high SAR value of 4.16. It also shows that
well numbers 3, 27 and 39 have SAR values in excess of 1.75, which is within the acceptable
level (SAR less than 9) of a very small hazard for irrigation quality of water. All other wells have
water of a highly acceptable quality for irrigation purposes.
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Table 1. Sodium Absorption Ratio (SAR) values for selected wells.

Well No. SAR Value Well No. SAR Value
1 0.23 29 0.85

3 2.08 30 0.27
4 0.19 31 0.15
5 0.28 32 0.14
9 0.22 34 0.21

13 0.81 35 0.49
16 0.29 36 0.15
18 0.12 37 4.16
21 0.43 38 0.43

22 0.29 39 1.79
26 0.20 40 0.51
27 1.80 41 0.11

42 0.42

Table 2. Results of pumping tests.

Well No. Well diameter Water level Pumping rate Transmissivity
(m) before pumping (m)  (l/min)  m3/day m

1 2.0 2.0 260 1.31
3 2.5 1.4 260 1.45

18 1.5 1.1 260 2.31
27 1.3 3.5 260 2.36
30 1.65 1.5 390 0.84
38 1.0 1.4 150 1.72

40 1.0 4.3 160 1.42

RESULTS OF PUMPING TESTS

As a part of the study to understand the basic parameters of the aquifer, seven pumping tests
were carried out within the study area. These are constant discharge tests. Although the pumping
rate should be controlled depending on the properties of the well, the pump that was used in this
field study could not be adjusted to the necessary rate. A summary of the results of the pumping
tests is given below (Table 2):

The wide range in the values obtained, reflects the non-uniformity of the regolith aquifer in
this study area. It also shows that because of the low hydraulic conductivity of the underlying
weathered rock material, it is not possible to abstract groundwater continuously at a higher rate of
pumping.
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ANALYSIS OF RESULTS AND CONCLUSIONS

Mode of Occurrence and Depletion of Regolith Aquifer

As shown in Figure 21 the dug wells were mostly located within the drainage axis of the second
or third order drainage ways that made up the drainage network of each cascade or sub-watershed.
A map that was prepared earlier in1993 (October-December, unpublished) by Stephan Pfister, while
serving an internship with IWMI, shows all existing dug wells present within the study area. That
map shows that all presently existing dug wells are located within the lower aspect of each drainage
valley.

Figure 21. Location of dug wells along drainage map

The foregoing observations confirm the fact that the regolith aquifer in this hard rock terrain
of the Malala Oya Basin is mainly situated within the narrow inland valleys that dissect this
landscape. Its mode of occurrence is in the form of a shallow phreatic water table which gets
steadily depleted to some degree during the dry season from May to September, and then gets
quickly recharged with the ensuing rains of the wet Maha season. Its degree of depletion is related
to the duration and intensity of dryness during the period May to September. A smaller decline can
be observed during the intervening short dry season of February to March.

Long time settlers of this area report that in some years the dry season could be longer and
more protracted, and in such years the regolith aquifer gets depleted to a greater depth than recorded
during the year 2004, which according to them was a “better than normal” year, where more than
150 mm of rainfall was received during the March-April-May period.
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As shown in the results, the main depletion in groundwater levels takes place from mid-May
onwards, and a depletion of groundwater between a range of 3.0 m.b.g.l. to 6.0 m.b.g.l. takes
place over a 23-week period up to October.

It was also shown that the groundwater levels in the dug wells located below the trans-basin
feeder canal were maintained at an acceptable level because of the intermittent flows that take
place in the trans-basin feeder canal during the dry months of July, August and September.

This observation has important implications with regard to the contribution of the trans-basin
feeder canal in recharging the regolith aquifer over the normal dry season. Because of the trans-
basin feeder canal flows, the groundwater in the seepage zone of the canal could be held at a
minimum threshold level, which would enable a higher density of human settlement taking place in
areas benefiting from this seepage zone. This is especially significant for this arid climatic
environment, which has a very low human carrying capacity at present.

It was also shown that the sequential pattern of depletion was not uniform over the period
April to October in the 20 dug wells located above the trans-basin feeder canal. This could be
related to the nature of the underlying regolith which has a low but highly variable hydraulic
conductivity.

It was also shown that the depth to depletion increases with the macro-elevation of the
landscape. The six wells numbered 37, 38, 39, 40, 41 and 42, which were located in the higher
elevations of this study area, on the upper portions of the main watershed of the Malala Oya, had
a depth to depletion between 6 to 8 m as compared with 3 to 4 m in the lower elevation.

Mode of Replenishment of the Regolith Aquifer

It was observed that it was only after a cumulative rainfall of 100 mm had been received that the
groundwater levels begin to show an initial response; and that it was only after a rainfall of 170
mm had been received that a rise in groundwater levels takes place.

The fact that a rainfall of around 170 mm is needed to saturate the soil overburden is in accord
with the value of the available moisture holding capacity of the soil profile, which is around 100
mm per 1.0 meter depth of soil for the reddish brown earth soils of this area.

It was also observed that by the end of November, or by the first week of December, a majority
of the wells had reached this maximum groundwater level, except well numbers 13, 21, 29 and 36,
which show a slower rate of replenishment and reach their maximum level only by the last week
of December. This is due to the fact that all these four wells are situated away from the main
drainage way and are also closer to the upper aspect of the micro-catchment in which they are
located; and it therefore takes a longer duration of time to complete their recharge.

In sum, it could be stated that the mode of replenishment is very similar in relation to the
macrotopography and relief, but that slight variations can be observed in relation to the difference
in the micro-topography of the relief.

Nature of Seasonal Changes in Electrical Conductivity

Three broad categories or groupings of electrical conductivity (EC) were identified, namely 0-750
μs/cm, 751-1,500 μs/cm, and 1,501-3,000 μs/cm; and two wells 21 and 27 which had an EC value
in excess of 8,000 μs/cm.
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The change in EC value is very small in the wells in the first group, but there is a trend for
this to increase with the initial Maha rains. The reason seems to be that the salts concentrated in
the soil profile during the dry season get dissolved with the early rains and lead down to the water
table, and this causes the initial small rise in the EC value. With the subsequent heavy rainfall of
November-December, dilution takes place and the EC values are reduced.

Surprisingly, despite a decline in groundwater levels through the dry season (May-September),
no corresponding change in the EC value could be observed. Although one would have expected
some degree of increase in EC values with the decline in the levels of the water table, no such
trend was observed. It could, therefore, be inferred that the underlying regolith aquifer, which feeds
these wells, has adequate capacity to recover in order to maintain the quality of the water in the
dug well over the six-month dry period.

Although well number 3 is located below the trans-basin feeder canal, together with well numbers
1, 4 and 5, it has an average EC value of 1,745 (Annex 2, Table B1) compared with average
values less than 600 for well numbers 1, 4 and 5. This well number 3 has an underlying pan under
the surface and salts have got accumulated over the last hundreds of years. This is now getting
gradually flushed out with the seepage coming from the trans-basin feeder canal.

The reason for the high average EC value of 8,362 ìs/cm for well number 21 is due to the fact
that it is located along the break of slope in the landscape, which means that salt accumulation
takes place slowly over the years.

Well number 27 has the highest average EC value of around 12,300 ìs/cm. It is located besides
a rocky hill in this area and gets its groundwater from the weathered fresh rock which has a lot
of soluble salts.

As mentioned earlier, all wells located along the natural drainage ways have a low EC value
because there is sufficient flushing out taking place of any soluble salts draining into the lower
aspects of the landscape.

Nature of Seasonal Changes in Fluoride and Chloride Content

All eight wells numbered 1, 5, 9, 22, 26, 31, 32 and 41, which have a low fluoride content of less
than 0.6 mg/l, are found to be located in special positions in the landscape where the drainage is
very good and also the flushing out of the groundwater is good.

Well numbers 13, 21 and 27, which have a very high fluoride content of more than 5.0 mg/l,
are all located at interflow sites in the landscape where there is inadequate flushing out of the
water table.

The six well numbers 3, 4, 16, 18, 34 and 42, which have a moderate fluoride content between
0.6 and 1.8 mg/l, are all located in positions which are close to the axis of the main drainage system,
where there is a moderate sufficiency of drainage and flushing out.

During the eight-week period between 26 March and 14 May 2004 when a total of 200 mm
of rainfall was experienced, the wells with a low to moderate content of fluoride showed a significant
decline in response to the rainfall, whereas the wells with a high content of fluoride showed a rise
rather than a decline. At this stage, it is not possible to explain this phenomenon.

Both the chloride content as well as the seasonal trends in the chloride content of the 25 wells
follow the same pattern as that of the fluoride values. Three well numbers 21, 27 and 29 had a
chloride content higher than 2,000 mg/l.
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Nature of Seasonal Changes in Sulphate and Cation Content of Well Waters

Sulphate

As expected, well numbers 21, 27 and 37 showed the highest sulphate values, followed by well
numbers 3, 13 and 39, which were slightly lower in value. As seen earlier, all these six wells are
in locations where there is inadequate flushing out of the groundwater.

All other wells had a SO4 value less than 80 mg/l and also a very low seasonal variation. It is
therefore suggested that the sulphate value of well water be used as a robust and reliable indicator
to characterize the quality of well water.

Cation Contents

Since the sodium content of water could be used as a comparatively sensitive index of water quality,
and by adopting the WHO guidelines in this instance, all wells except well numbers 3, 21, 27, 37
and 39 could be considered to fall within the suitable category for drinking water.

With reference to the calcium and magnesium content, all wells except well numbers 21, 27
and 39 fall within the acceptable limits.
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Annex 1. Water table behavior of sample wells.
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Annex 1. Continued.

Water Level - Well No: 35
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Annex 1. Continued.

Water Level - Well No: 38
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