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Hydrogeological and geomorphological parameters have
been quantitatively correlated with groundwater
availability. Weathered rock thickness has the highest
control on availability of groundwater followed by
lineament density whereas drainage density is seen to
have minimum influence. A poor correlation is noticed
between borewell depth and yield. The amplitude of
seasonal variations in groundwater levels is noted to
be higher in the low lying plains compared to the hilly
regions. The groundwater potential zonation map,
prepared using data merging techniques and assigning
weightages based on the quantitative analyses of para-
meters on a GIS platform shows that more than 45%
of borewells falling in the area under the category of
excellent water availability are high-yielding.

Keywords: Geomorphology, groundwater potential zona
tion maps, hard rock hydrogeology, quantitative analysis.

QUANTITATIVE availability and chemical quality of
groundwater is influenced by various natural environ-
ments such as geology, topography and geomorphology
apart from anthropogenic factors. Rock type, rock struc-
ture, presence and density of fractures, joints and linea-
ments, degree and extent of weathering, landforms types,
drainage density, soil type and land cover are some of the
generally used parameters in deciding the suitability of an
area for groundwater development®. In most groundwater
development projects, these parameters are considered
and groundwater potential zonation maps prepared by
assigning weightages and merging them on a geographic
information system (GIS) platform?™. However, the indi-
vidual weightages of each of the parameters (themes) are
assigned based on general perceptions rather than a quan-
titative analysis of these parameters. Subba Rao” has used
guantitative methods of characterizing hydrogeomor-
phological parameters to identify recharge sites in hard
rock areas. The present study is an attempt to understand
the extent of geological and geomorphic controls on the
availability of groundwater, in an area underlain by hard
crystalline rock formations.

The upper Swetha watershed, forming part of the
Vellar river basin is located partly in the Namakkal and
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Figurel. Geological map of the study area showing location of monitoring wells.

Tablel. Landform classification of the study area
Structural  Residual Shallow buried Deep buried
Geomorphic unit hill hill Inselberg  Pediment pediment pediment Valley fill
Areacovered (sq. km) 170 15.5 15 86 18 75 2
% area covered 46.2 4.0 0.45 234 4.9 20.5 0.55

partly in Salem district of Tamil Nadu (11°19'25”N to
11°30°45”N and 78°17'30"E to 78°36'15”E). The study
area forms a compact groundwater basin, in that it is
bounded by topographic highs along most of its boundary
(Figure 1). The Kollimalai hills (housing the famed hill
resort), a part of the Eastern Ghat hills, occupies about
31% of the study area, which is about 368 sg. km in
extent.

The upper Swetha watershed is topographically arugged
terrain, with nearly one half (187 sg. km) of the area
occupied by hills. The central and eastern parts of the
area (181 sg. km) are mainly low-lying plains. The Swetha
river is the principal drainage and is an ephemeral stream
with flows during October—January period. The geomor-
phological mapping of the area was done with the help of
satellite imageries (IRS 1B LISS II, April 1992) and
aerial photographs and also limited field checks, using the
integrated mission for sustainable development (IMSD)
guidelines®. The area consists of landforms such as struc-
tural and residual hills, pediments and valley fills along
with afew water bodies. Table 1 details the results of the
landform analysis carried out as stated here. The drainage
pattern is mostly dendritic to sub-parallel with radial and
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trellis pattern dominant in the hilly regions. The drainage
density varies from 4.8 km/sg. km in the hills to 0.2 km/
sg. km in the plains. Annua rainfal is 844 mm with
about 50 rainy days (70-year average). The area enjoys a
sub-tropical climate with moderate humidity (49-68%)
and temperature (min: 11°C; max: 42°C).

Charnockitic rocks, occupying majority of the hills
mostly (66%) underlie the area (Figure 1). The foliation
trend varies from place to place due to complex structural
pattern observed here. Hornblende—biotite gneiss under-
lies about 29% of the area, mostly in the plains. Banded
iron formations occur as narrow linear bands, striking east
west to ENE-WSW, with steep dips in severa places. A
few bands of pyroxene granulites are also found in the
northeastern areas. Dykes (dolerite) and veins (quartz,
pegmatite) also occur sporadically in many places. Most
of the sub-basin, except for the hilly terrains is covered
by weathered rock of varying thickness.

Well-developed joints are noticed in the area, which
can be broadly divided into four sets, viz. N-S, E-W, NE-
SW and NW-SE based on their trend. Structurally the
entire area falls in the Attur valley, which is part of the
Bhavani—Athur mega-lineament. Lineaments are consi-
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dered important in the occurrence and movement of
groundwater, particularly in areas underlain by crystalline
rocks”®. In the study area, lineament mapping was carried
out from the satellite imageries and aerial photographs
using the methodology proposed by Mabee et al.® which
consists of three steps, viz. collection of lineament data
using multiple observers and multiple data; reproduci-
bility tests and domain overlap analysis. A total of 78
lineaments were identified, of which five are more than
5 km long (Figure 1). The lineament density (cumulative
length of lineaments per unit area) varies from 0.5 to
2.52 km/sq. km.

The area has afairly high density of water wells, parti-
cularly in the plains. Both dug wells and borewells are
popular in the area. Rectangular dug wells are the most
common irrigation-water abstraction structures, with a
depth range of 15-35 m. The density of dug wells varies
from 12 to 25 per sg. km in the plains. Ninety-six irrigation
and 357 drinking water borewells were also inventoried
in the area for this study. The depth of these borewells
varies from 50 to 170 m (Figure 2). The average depth of
the borewells has been increasing over the years from 62 m
in 1976 to 140 m in 2000. The yield of these borewells
varies from very low to a maximum of 400 litres per min
(Ipm), with the average of 25Ilpm for the borewells
drilled during the period 1970-80 to 70 Ipm for those
drilled during the period 1996-2000. However, there
is no relationship between well depth and yield in
these borewells as indicated by an insignificantly low-
correlation coefficient of only 0.02, though if borewells
drilled in any particular year are considered, the correla-
tion coefficient is found to be in the range of —0.57-1.0.
This wide variation is probably due to the fact that most
of the water is obtained from fracture aquifers which may
or may not be encountered in borewells uniformly.
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Figure 2. Progressive changes in groundwater development in the
study area.
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A network of 55 dug wells, all tapping the weathered
rock zone, was set up in the area (Figure 1) for monitor-
ing the groundwater levels twice a year, in the months of
July and January (pre- and post-recharge) during the
period July 1997 to January 2000. In addition, monthly
groundwater levels were also monitored in 20 selected
wells during January 1999 and January 2000 to study sea-
sonal fluctuations. Figure 3 shows the groundwater levels
prevailing in the area during July 1999 and January 2000.
Two prominent groundwater troughs, in the central part
of the area can be seen along with two groundwater
mounds reflecting the state of groundwater development
in the area.

Groundwater level fluctuation is comparatively morein
the area of the troughs (69 m) as compared to other
places (4-5 m). The hydraulic gradient generally follows
the topography and is steeper on the western side (slope =
0.133) as compared to the eastern parts (slope = 0.042).
The monthly water levels show that September is the
period in which the groundwater levels reach their lowest
while in January they are at their shallowest. This is the
result of adequate recharge following rains during October—
December months. Figure 4 shows the average ground-
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Figure3. Groundwater levelsin the study area.
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Figure 4. Seasonal rainfall and groundwater level fluctuation in the
study area.
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Table2. Quantitative analysis of borewell yields and geomorphic and geological parameters

Percentage of borewellsyielding (Ipm)

Number of Average

Parameters borewells  yield (Ipm) <10 10-50 >50
Landform

Pediment 107 47 25 52 22

Shallow buried pediment 68 61 15 62 23

Deep buried pediment 179 83 13 55 32
Land use

Dry crop 202 54 24 52 24

Wet crop 91 95 15 44 41
Ground slope

<1% 162 77 8 64 28

1-3% 133 62 25 45 30

>3% 44 36 30 52 18
Lithology

Biotite gneiss 178 78 17 49 34

Charnockite 141 54 17 62 21
Thickness of weathered rock

<5m 68 47 29 59 12

5-10m 182 63 16 55 29

>10m 82 83 10 49 41
Proximity to lineaments

Borewells on or close 70 89 17 43 40

to lineament

<250 m from lineaments 92 60 14 59 26

250-500 m 77 61 22 52 26

>500 m from lineaments 114 63 16 62 22
Lineament density (km/sg. km)

<0.5 95 59 19 61 20

0.5-1.5 200 64 20 53 27

>1.5 33 110 10 45 45

water levels (of al the 20 wells) during the period Janu-
ary 1999-January 2000, along with monthly rainfall in
the area. It is seen that the declining trend of the ground-
water level is reversed only from September, when it
starts to rise, continuing this trend till January. The rate
of decline in the water levels from January onwards is not
uniform, the slope being gentlest during July—September
period, which reflects the recharge-discharge conditions
prevailing at the time. Though August received substan-
tial rainfall, there was no rise in water levelstill October,
due to the time taken for the infiltrating waters to reach
the water table and/or heavy withdrawal of groundwater
for irrigation during the period.

A quantitative analysis was carried out taking into
account various parameters and the yield of borewells in
the area. The results are given in Table 2. For the purpose
of convenience, the borewells were grouped into three
categories: those yielding less than 10 Ipm; 11-50 Ipm
and more than 50 Ipm. This has brought out several inter-
esting features in relation to the well yields and the geo-
hydrological parameters.

Rock type as well as extent of weathering is an impor-
tant consideration in availability of groundwater. Borewells
located in areas underlain by gneissic rocks have signifi-
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cantly higher yield as compared to charnockites; the per-
centage of high-yielding wells also is more in areas
underlain by gneissic rocks. The thickness of weathering
appears to have considerable influence on groundwater
availability since the average yield of borewells in areas
with thicker weathered rock is nearly double that of zones
with less than 5 m of weathered rock thickness. The per-
centage of high-yielding wells also follows the same
trend. However, it is to be noted that most of the ground-
water yield in the borewells is from the deep seated frac-
tures in the bedrock rather than the weathered rock zone
itself.

Lineaments are generally associated with zones of
higher weathering/fracturing and thus considered to be
potential sites for locating high-yielding wells"®°. Super-
position of the borewells on the lineament map of the
study area (Figure 5) however shows that thisis not really
the case in this area in that borewells along any given
lineament are of all yield ranges from low-yielding to
high-yielding. Also, there are severa high-yielding wells
in areas without any lineaments. An analysis shows that
while 40% of borewells located on or very close to the
lineaments are high-yielding (>50 Ipm), 17% of borewells
in the same zone are low-yielding. Also, 22% of borewells
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located 500 m or more away from lineaments are high-
yielding. If lineament density (cumulative length of
lineaments in unit area) is considered, 45% of borewells
are high-yielding in zones having a density of more than
1.5 km™, though a significant 20% of wells located in
low density areas are also high-yielding.

Geomorphological analysis shows that deep buried
pediments (with thick regolith cover) have relatively bet-
ter groundwater potential with an average well yield of
83 Ipm per borewell as compared to pediments wherein
the average yield is only 47 Ipm. The borewells in wet
crop areas yield significantly more than those in dry crop
areas. Areas with flat topography are also seen to be having
better groundwater potential compared to undulating
topography.

The individual hydrogeological and geomorphic para-
meters can be merged to get a single groundwater poten-
tial map of the area after assigning appropriate weightages
to individual parameters. From Table 2, the ratios of the
highest average yield to the lowest average yield as well
as percentage of high-yielding wells in different catego-
ries are considered and their average is taken as the con-
tribution of the parameter to well yield. For example, in
the case of landform, the ratio of average yield of deep
buried pediment (83 Ipm) to pediment (47 Ipm) is 1.8 and
that of percentage of high-yielding wells is 1.5 (32/22).
The average of these two valuesis 1.65, which is taken as
the significance of this particular parameter. Thus the ra-
tios obtained for other parameters are: ground slope—
1.85; lithology — 1.5; land use— 1.75; weathered thick-
ness — 2.6; proximity to lineament — 1.65; lineament den-
sity — 2.1 and drainage density — 1.05. The minimum and
maximum values thus are 1.05 and 2.6, which are then
reclassified into five categories (Table 3). Weathered rock
thickness has the maximum ratio of 2.6 and thus gets the
highest maximum weightage of 5 whereas drainage density
has the lowest ratio of 1.05 so its maximum weightage is 1.
The weightages for different classes within one parameter

Borewells yielding (Ipm)

[S] <10lpm
10 to 50 Ipm

[— Lineament [a]
¥ 50Ipm

£777 Hilly area

Figure5. Yielding pattern of borewells and lineaments.
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are distributed depending on the number of classes and its
range of weightages. Thus, in deep buried pediment area
having weathered rock thickness of more than 20 m,
ground slope of less than 0.011, underlain by granitic
gneisses, having wet crop, located very close to a linea
ment and with highest lineament density will score the
maximum cumulative weight, of 2+5+3+2+3+
2 +4=21. Drainage density is ignored as it apparently
does not have any significance in this area. The weight-
ages thus arrived at are given in Table 4. The result of
such a data merging exercise, carried out on GIS platform
is shown in Figure 6, wherein the entire area has been
divided into five categories (poor, moderate, good, very
good and excellent yielding zones with cumulative
weightages of <5, 5.1-9, 9.1-13, 13.1-17 and >17) from
the viewpoint of groundwater potential. This zonation
map is then validated by superimposing the existing
borewells (as various yield classes) on it and checking for
their correspondence. From an analysis of the results of
this exercise, it is seen that only 12% of borewells located
in the zone earmarked as ‘moderate’ are high-yielding
while 41% of the wells are high-yielding in the area cate-
gorized as ‘excellent’. Similarly, 60% of wells are poor-
yielding in the area marked as ‘poor’ while only 15% of
borewells in this zone are high-yielding (Table 5). The
results can be further refined by calibrating the model so
as to get the best comparison between the actual field
results in the various potential zones by slight modifica-
tion of the weightages assigned to individual parameters.
The study reveals that geomorphic and geological
factors control the availability of groundwater to a signi-
ficant extent. Fluctuations in groundwater levels have
greater amplitudes in deep buried pediments than in shal-
low pediments which is probably due to the fact that the
thickness of productive aguifer zone is much more in
deep pediments, leading to construction of deeper wells,
resulting in a larger quantity of groundwater being
abstracted and consequently greater lowering in water
levels. Borewells located in the deep buried pediments
are seen to be more successful than in pediment zones.
Considering the fact that almost the entire yield in a
borewell comes from deep fracture aquifers present in the
unweathered bedrock, it is inferred that a thicker regolith
develops in an area where the rocks are highly fractured
and jointed and which extend to much deeper levels, thus
creating conditions favourable for accumulation of

Table 3. Range of ratios and weightages for the five zones

Weightage Ratio range Classification
1 1.05-1.36 Poor

2 1.361-1.67 Moderate

3 1.671-1.98 Good

4 1.981-2.29 Very good

5 2.291-2.6 Excellent
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Table4. Assignment of weightages for various themes and classes

Parameter Ratio (high/low) Weightage range Category Weightage

Landform 1.65 1to2 Hills, inselbergs 1.0
Pediment 1.33
Shallow pediment 1.66
Deep pediment and valley fills 2.0

[En

Weathering 2.6 1to5 <5m
5-10m
10.1-15m
15.1-20 m
>20m

Land use 1.65 1to2 Dry crop
Wet crop

Ground slope 1.85 1to3 <0.011
0.012-0.033
>0.033

Lithology 15 lto2 Charnockite
Biotite gneiss

Proximity to 1.65 2 Close to lineament
lineament <250 m
251-500 m
>500 m

(4]

Lineament density 2.1 4 <0.5 km™
0.51-1.50 km™
>1.51 km™

ANR RPRREN NP PN WL OM®WON

78° 20’ 78° 25' 787 30' 78 [35'
5km

Groundwater potential zones
Yield range % Low

> <10 Ipm —— Moderate

Good
K388 Veery good

A 10-50 Ipm
+ >50 Ipm

Figure6. Groundwater zonation map of the study area.
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Table5. Result of analysis of data after merging all parameters

Percentage of borewells yielding (Ipm)

Groundwater potential

zones <10 10-50 >50
Poor 60 40 0
Moderate 32 56 12
Good 17 52 21
Very good 15 53 32
Excellent 15 44 41

these parameters will be effective in identifying areas
with maximum possibility of higher well yields. The
zonation map generated using field verified weightages
will then form a base map for planning further ground-
water development in an area.

groundwater. This is possibly the reason why a larger
percentage of borewells located in the plains are high-
yielding than those which are located in areas with steeper
ground slopes. The higher average yield in gneissic rocks
is mainly due to the fact that they are comparatively more
brittle and hence develop higher degree of fracturing and
jointing — an essential condition for creation of the secon-
dary porosity and permeability. This is further supported
by the fact that wells located in areas with the thicker
weathering are more likely to give higher yields, since
greater degree of jointing promotes deeper weathering in
rocks. Lineaments have been closely identified with
water-yielding capacity in hard rocks despite some not-so
very encouraging results of in-depth studies with regard
to lineaments and groundwater yields®™. In the study
area, analysis shows that proximity to and density of
lineaments do have some influence on groundwater avail-
ability, though not a definitive one. The percentage of
high-yielding borewells located close to identified linea-
ments is nearly double that of wells located far away
from them; similar is the result with respect to lineament
density as well. However, like in most other geological/
geomorphic parameters, there is a significant percentage
of high-yielding borewells away from the lineaments as
well as low-yielding borewells close to lineaments.

This study demonstrates the importance of quantifying
the significance of various geomorphic and geohydrologi-
cal parameters in groundwater potential assessment inves-
tigations. As these parameters individually influence the
groundwater availability in an area, a combination of
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