Effects of geological structures on groundwater flow
and quality in hardrock regions of northern
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Geological and structural influences on groundwater flow and quality were evaluated in the present
study in the hardrock regions of Tirunelveli District, southern India. Groundwater is a major source
of freshwater in this region to cater to the requirements of domestic and agricultural activity, as there
are no surface water resources. Geologically, the area is characterized by charnockites and garnetiferous
biotite gneiss. Groundwater in this region is found to occur in the weathered portion under unconfined
condition and in fractured/fissured portions under unconfined to semi-confined condition. Existence of
deep-seated fractures are minimal. Lineaments/dykes play a major role in the occurrence and movement
of groundwater in the region. Lineaments/dykes of the study area can be broadly divided into two types:
north—south and west—east oriented structures. Analysis and field observations revealed that the north—
south dykes act as a barrier of groundwater while the west—east oriented structures behave as a carrier
of groundwater. Both quality and quantity of groundwater is different on the upstream and downstream
sides of the dyke. Hence, it is conclusive that the west—east oriented dykes in this region are highly

potential and act as a conduit for groundwater movement from recharge areas to the discharge area.

1. Introduction

Groundwater is the major source of freshwater
that caters to the domestic water demand aris-
ing due to escalating population and modern agri-
cultural practices in many developing countries.
Groundwater is generated through a large num-
ber of borewells, tube wells and dug wells, which
are spread in the agricultural fields, residential
areas, and industrial areas. The heavy withdrawal
of groundwater has resulted in lowering of ground-
water levels, which in turn has caused deterioration
in groundwater quality. The continuing ground-
water exploitation has not only resulted in lowe-
ring of groundwater levels but also increased the
wide variation in the zone of fluctuation. The

withdrawal has led to several quality-related prob-
lems. The geological structures play a major role in
the groundwater flow and quality-related problems.
The geologic structures like dykes, lineaments, and
fractures act as both carriers as well as barriers for
groundwater flow. There have been many studies/
technical reports showing the role of dykes in con-
trolling the groundwater flow in an area (Nilsen
et al. 2003; Al-Taj 2008; Perrin et al. 2011). Seve-
ral researchers have used spatial distribution of
geology, geomorphology, landuse, drainage, and
lineaments to identify groundwater potential zones
(Srinivasa and Jugran 2003; Nag 2005; Mondal
et al. 2007; Vasanthavigar et al. 2011). Many
researchers have also reported that dykes that
behave as barriers have quality-related problems in
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the upstream side (Srinivasa and Jugran 2003; Nag
2005; Mondal et al. 2007). One such study was car-
ried out in the northern part of Tirunelveli district,
south India where groundwater flow and quality
is mainly controlled by the geological structures.
Few hydrogeological studies have been carried out
by researchers of Central Ground Water Board
from time to time to appraise the groundwater sce-
nario of the area (Vardaraj 1984; Kunhambu 1990;
Sampath Kumar 1994; Senthilkumar 2010). The
present study was carried out to investigate the
effects of geological structures on groundwater
movement and quality.

2. Methodology

Detailed hydrogeological survey was carried out
during May 2010. In order to understand the
hydrogeological setting of the region, the available
geological maps and existing reports were studied.
As there were some data gaps, an intensive geo-
logical investigation was carried out in the study
area, to study the nature of the rock, topographical
expressions, intensity and depth of weathering,
and demarcation of lithological contacts on a
larger scale than the presently available maps. The
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thickness and intensity of weathering were studied
from borehole lithologs, information from river
cuttings, and well section/walls. Thickness of the
cement casing rings/walls in the dug wells was
very useful for determining the thickness of the
weathered formation/overburden. Further, village-
wise well inventory study was carried out and 183
wells were inventoried. Groundwater level, electri-
cal conductivity and GPS locations were recorded
during the inventory field survey. Spatial analy-
sis of the inventoried wells was carried out and
point anomaly values were discarded and 120
wells were identified as representative wells for the
study (figure 1). Groundwater level and EC values
were monitored from these 120 representative wells
during pre-monsoon period (May 2010), further
during September 2010 and during post-monsoon
period January 2011.

3. Study area

The study area covers 3203 km? and lies in the
northern part of the Tirunelveli district, southern
India. The area is bounded by north latitude of
08°34/35” and 09°1920” and east longitude of
77°08'15" and 77°48'30” forming parts of the Survey
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Figure 1. Administrative set-up of the study area.
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of India toposheets of 58 H/1, 5, 9, 58 G/7, 8,
11, 15, and 16. The study area is bounded in
the north by the Virudunagar district, in the east
by Tuticorin district and in the south by Manur
and Tirunelveli blocks of Tirunelveli district. In
the western side, it is bound by the Western
Ghats/Kerala State. Survey was carried out over
an area of 3203 km? comprising of 6 talukas
and 11 blocks namely Sankarankoil, Tenkasi,
Alangulam, Kadayam, Vasudevanallur, Melaneel-
ithanallur, Kurivikulam, Pappakudi, Shencottai,
Kadayanallur, and Keelapavour blocks (figure 1).
The study area experiences an average annual rain-
fall of 1100 mm (average of 30 years 1971-2000).
This is mainly contributed by the NE monsoon
(58%), SW monsoon about 28%, and remaining
by summer rains. The major part of the study
area is covered by deep red soil and it occupies
about 56% of the study area. The second major
soil type is the black cotton soil, it is found in
the eastern part of the study area and it covers
about 32% of the total area. Another soil type
found in the study area is the red sandy soil. River
Chittar is the major river within the study area.
There are few cascades and water falls in the study
area, of which the Koutralum and five falls are
prominent.

407
3.1 Hydrogeological settings

The crystalline rocks of Achaean age consisting of
charnockites, gneisses and basic and acidic intru-
sive underlie the study area. Generalised geolog-
ical map of the study area is given in figure 2.
Based on field survey, it is observed that crystalline
rocks of Achaean age cover a major portion of
the study area. Groundwater in the study area is
found to occur in the weathered portion, fissured,
and fractured zones in these crystalline rocks.
The occurrence and movement of groundwater is
controlled by various factors like physiography,
climate, geology and structural features like linea-
ment and dykes. Groundwater is found to occur
under unconfined conditions in the weathered por-
tion and unconfined to semi-confined nature in
the fissured and fractured crystalline rocks. Poten-
tial zones have been identified in the colluvial
deposits of Sivagiri-Chintamani belt (figure 1) and
it extends up to Puliyangudi area (Senthilkumar
2010). Kadayanallur—Valasai area is potential due
to the presence of W-E oriented lineament. Wells
in these areas have the yield of about 5-6 Ips for 8-
10 hrs with a drawdown of about 1-2 m. Potential
pockets are also seen in Karisalkulam—Sembakulam
region on the eastern side of the study area
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(figure 1). Falling in the quadrant of Survey of
India toposheet 58G12-C2-C3 covering an area of
22-25 km?, the area has high groundwater poten-
tial. Depth of the wells in this belt ranges from
14 to 21 m below ground level (bgl) and ground-
water levels range from 11 to 15 m bgl (pre-
monsoon). Wells in these regions have the yield of
about 56 lps for 810 hrs with a drawdown of
about 1-2 m. Among the crystalline rocks, gneisses
have appreciable thickness of weathered mantle
and have numerous open joint planes. Charnock-
ites in the area, on the other hand, have generally
low water-yielding capacity due to their resis-
tance to weathering and widely spaced tight joints,
except in contact zones and structurally weak
zones. The prominent lineaments trend is north
north-east—south south-west, north-west—south-
east directions. Yield of the phreatic aquifer com-
prising charnockites is moderate but the quality
is potable, while the phreatic aquifer comprising
of gneisses with tectonic disturbance have good
yield but poor quality. Exploratory drilling acti-
vity carried out by Central Ground Water Board
has revealed the absence of deep seated fractures in
Kurivikulam, Melaneelithanallur and Sankarankoil
blocks. Potential fractures have been encountered
up to depth of 62 m bgl with discharge of 1.2-3.3
Ips in parts of Sivagiri-Chintamani belt. Regions
between the Chintamani and Sivagiri are of high
potential. Depth of weathering in this area is about
09-15 mbgl and pre-monsoon groundwater level
ranges between 11 and 15 m bgl. Groundwater in
this region can be further developed by lowering
the groundwater level by 5 m. As the region is
located near the foothills, immediate recharge shall
take place after the monsoon (induced recharge).
Downstream of Ramanadi and Gatana reservoirs,
groundwater levels are very shallow and almost
prone to water logging conditions. Groundwater of
these regions can be pumped to other water scarce
areas. The quality of groundwater is highly fresh.
EC values range from 25 to 300 uS/cm. There are
springs present in the study area. These are natu-
ral discharges of groundwater. During the survey, a
spring was monitored near the Gatana Reservior.
The EC value was 35 puS/cm with a discharge of
<1 lps (Senthilkumar 2010).

3.2 Well and aquifer parameters

Large diameter pumping tests were carried out in
12 representative wells in the study area during
the pre- and post-monsoon periods. Specific capac-
ity, transmissivity, and specific yield were calcu-
lated based on the methodology of Ramsahoy and
Delang. Aquifer parameters computed during the
study period are tabulated in table 1.

Table 1. Details of large diameter pumping tests carried out during the study.

Pumping

Static
water level

Sp. yield

Specific capacity Transmissivity

(Slitcher) (Ipm/m)

Discharge —

water level

Size/dia

Remarks/geology

(%)

(m?/d)

(m bgl) (m bgl) Q (Ipm)

(m)
42 x5

Location

Sl no.

Hornblende biotite gneiss/

60

5.

150 89

6.27 300

65

4.

Arunachalapuram

adjacent to dyke

Charnockite

4.90
2.50

0.

65.3

85.21

240
200
120
180
300
240

9.81 11.27

6.0
9.

7.6 X 5.7
5 x5

Tenkasi

Charnockite

29.1
10.12

51.24
43.16

8.80
11.86

Sankarankoil

Hornblende biotite gneiss

Charnockite

90

08

5 %X 6.8
4 x 7.3
8.50

6

Nelkattumseval
Deverkulam

0.80
2.60

3.

9.62
28.92

18.22

9.10
7.06
12.00

7.1

Colluvium/charnockite

58.70
87.4

6.0

Sivagiri

20 Fractured. Hornblende

46

.0

Kulasekharakottai

biotite gneiss

Charnockite

3.20
11.50
0.90

7.

28.16

55.2
316.25

400
580
200
600

10.80

6.0

0.6
8.0

6.0
6.0

5 x5

Sankarankoil

Colluvium/charnockite

Charnockite

203.3

1.68
10.00

X

Chintamani

9
10
11
12

10.6

19.7

X
6.0

7.0

Deverkulam

20 Colluvium/charnockite

264
268

552
372

7.27
7.05

Subramaniyapuram

Near the river bank

4.80

250

Doraiswamipuram
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Table 2(a). Range of groundwater level during May, September 2010 and January 2011.

No. of key wells falling in the

No. of key wells falling in the

No. of key wells falling in the

DTW range range during May 2010 range during September 2010 range during January 2011
(m bgl) No. of wells % No. of wells % No. of wells %

0-3 07 05 Nil 00 2 01

36 18 15 03 02 18 15

6-9 27 22.5 19 15 33 27.5
9-12 29 24.1 34 28.3 30 25
12-15 31 25.8 45 37.5 29 24.1
15-18 10 08 19 15 08 06

Table 2(b). Relationship between groundwater level and electrical conductivity.

Area occupied (km?)

Average ground water

Month of measurement EC values < 1500 puS/cm

EC values >1500 puS/cm level (m bgl)

May 2010 2025.42
September 2010 2336.86
February 2011 2032.37

1174.58 10.07
863.14 12.70
1167.63 9.35

Table 2(c). Range of chemical constituents in the ground-
water of the study area.

Parameters Min Max Mean
pH 7.5 8.2 7.9804762
EC (uS/cm) 426 4380 1547.6667
TH (mg/1) 140 1720 468.92857
Ca (mg/1) 4 416 80.285714
Mg (mg/1) 9.7216 204.1536 60.962533
Na (mg/1) 18.4 506 150.08048
K (mg/1) 0.782 31.28 10.221857
CO3 (mg/1) 0 0 0
HCO3 (mg/1) 73.224 616.302 178.9920
Cl (mg/1) 24.815 1155.67 313.39488
SO4 (mg/1) 6.0851613 710.4 138.66359
NO3 (mg/1) 10.743871 367.77097 62.210161
F (mg/l) 0.3427308 1.907131 1.1071626

A perusal of table 1 clearly indicates the abrupt
variation in the aquifer parameters from place to
place. This is mainly because of the heterogeneity
resulting from the degree of weathering and struc-
tures influencing the groundwater flow. Specific
capacity ranges from 19.7 to 552 lpm/m. Transmis-
sivity ranges between 9.62 and 268 m?/day. Wells
located in the colluvial deposit has very high trans-
missivity values. Area adjacent to the Chintamani—
Sivagiri belt has very high transmissivity values
ranging from 28 to 264 m?/day. Specific yield
values ranged between 0.90 and 11.5%. Aquifer
characteristic computed based on the pumping
test and air test carried out in the wells drilled
by CGWB in the study area is described below.
The transmissivity values ranged between 0.8 and
33.80 m?/day.

3.3 Depth to water level

The depth of occurrence of groundwater in the
phreatic aquifer of the study area depicted from
the 120 key wells during the pre-monsoon period
of May 2010 ranges from 2.25 to 22.10 m bgl. Shal-
lowest groundwater level is observed in Papakudi
village and deepest groundwater level of 22.10
m bgl is observed in Ariyanayarkuppam village. Dur-
ing September 2010, the groundwater level ranged
from 5.50 to 23.00 m bgl. The shallowest ground-
water level of 5.50 m bgl was observed in Papakudi
village and deepest groundwater level of 23.00
m bgl is observed in Ariyanayarkuppam village. Post-
monsoon period, the groundwater level ranged
from 1.60 to 16.70 m bgl. The shallowest ground-
water level is observed in Kalurinkulam and deepest
groundwater level is observed in Periyaswami-
puram village. Range of the groundwater level mea-
sured during these periods is given in table 2(a).

3.4 Spatial distribution of groundwater level

Spatial distribution of the depth to groundwater
level map for the period September 2010 and
February 2011 is given in figure 3. Groundwater
level was monitored during May 2010. A study of
the May 2010 data reveals that deep water levels
greater than 12 m bgl are observed in the central,
northern and north-western sides. About 34% of
the area fall under deeper water levels (>12 m bgl).
Shallow water levels are observed in the southern
parts, which are also a reflection of the dam, canal
areas, and reservoirs, etc. These regions occupy
about 20% of the total area. About 5% of the
area is prone to water logging having ground-
water level < 3 m bgl. Average groundwater level
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Figure 3. Depth to groundwater level during pre- and post-monsoon period.

of the 120 keywells is 10.07 m. A perusal of the
September 2010 (figure 3) depth to water level
map reveals that the depth to groundwater level
has lowered further down. An increase in the per-
centage of deeper groundwater levels is observed.
The depth to groundwater levels greater than
12 m bgl is observed in 53% of the total wells.

These areas are observed in the northern and cen-
tral portions of the study area. Shallow groundwa-
ter levels and areas prone for water logging during
the May 2010 measurements have declined gradu-
ally. Shallowest groundwater level recorded is 5.5
m bgl. Average groundwater level during Septem-
ber 2010 of the 120 keywells is 12.70 m. Spatial
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distribution of the post-monsoon (January 2011)
depth to groundwater level map (figure 3) reveals
that the deeper groundwater levels are observed
in the central portion of the study area. Only
30% of the areas have groundwater levels deeper
than 12 m bgl. A major part of the study area
has groundwater level in the range of 6-12 m bgl
(53%). Shallow groundwater levels are observed
in the southern, south-western, and north-eastern
portions of the study area. About 16% of the
wells have groundwater level <6 m bgl. Average
groundwater level during post-monsoon period is
9.35 m bgl.

3.5 Groundwater table

In order to ascertain and know the pattern of
groundwater flow in the phreatic aquifer of the
surveyed area, groundwater table map was pre-
pared from the key wells. Reduced level values of
these key wells were obtained from Survey of India
toposheets. Groundwater table map of the study
area is given in figure 4. A study of the groundwater
table map reveals that the groundwater flows from
the western side towards the south-eastern side.
The gradient decreases from the west towards the
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south-eastern side. Steep gradients are observed in
the central portion of the study area. Ground-
water table of the study area ranges from >190 to
50 m amsl.

3.6 Lineament/dyke analysis

The study area is occupied by crystalline rocks,
which have been subjected to polyphase of tec-
tonic activity resulting in high degree of meta-
morphism, migmatisation, and mutli-generation of
faulting and folding. The dykes are generally con-
sidered as impermeable and hence they are likely
to function as barriers for groundwater flow, but
in few cases, they function as carriers. In order
to study the role of dykes on groundwater con-
ditions, dyke/lineament mapping was carried out.
The major lineaments in the study area have been
demarcated from the satellite imagery and are pre-
sented in figure 5. Northwest—southeast (II), north—
south (V), west—east (I) and northeast—southwest
(III) oriented structures are prominent in the
study area. The study of satellite imagery revealed
the presence of a number of minor and major
lineaments and trending mostly in NNE-SSW and
NW-SE directions.

WATER TABLE ELEVATION MAP
MAY 2010

Legend
. Hills

Water Table Elevation in m amsl

50 -70 m amsl
70 -90 m amsl
90 -110 m amsl
110 - 130 m amsl
130 - 150 m amsl
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0 10 q20
..................
kilometres

N

Figure 4. Groundwater table map showing flow direction.
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Figure 5. Hydrogeology and structural map of the study area.

3.7 Hydrogeochemistry

To understand the hydrogeochemistry and chemi-
cal parameters controlling the groundwater in the
study area, 120 representative wells were selected
and 42 groundwater samples collected during pre-
monsoon period (May 2011). The electrical con-
ductivity values range from 426 to 4380 uS/cm
with an average value of 1548 puS/cm (table 2b). Of
the 42 samples, 16 groundwater samples have EC
values higher than permissible limit of 1500 puS/cm.
Detailed analysis of electrical conductivity in the
groundwater of the study area is discussed in detail
in the below paragraph.

The pH of groundwater samples vary from 7.5
to 8.2 with a mean value of 7.98. pH of the
groundwater samples of the study area is neu-
tral. The order of dominance of the cations of the
study area is Na>Ca>Mg>K and of the anions
is Cl<HCO3<CO3<S0O4. Sodium is the major
and dominant cation. Sodium concentration of the
study area varies from 10 to 138 mg/l. Calcium
ranges from 04 to 416 mg/l with an average of
80 mg/l. Four groundwater samples of the 42 sam-
ples have calcium values more than the permissi-
ble limit (IST 1983). Magnesium ranges from 10 to

204 mg/l with an average of 61 mg/l. The potas-
sium values range from 1 to 31 mg/l with an aver-
age value of 10 mg/l. Chloride is the dominant
anion, which ranges from 23 to 591 mg/l and the
chloride content is in the range of 21-1156 mg/1
with an average of 313 mg/l. Ten groundwater
samples out of the 42 samples have chloride values
more than permissible limit (500 mg/1) (ISI 1983).
Chloride values more than 500 mg/l is observed
in the central and north-eastern portions of the
study area. Central and north-eastern portions of
the study area have high chloride concentration.
Sulphate concentration ranges from 6 to 710 mg/1
with an average of 138 mg/l. Bicarbonate concen-
tration of the study area ranges from 73 to 616
mg/l with an average 179 mg/l. Nine out of the
42 groundwater samples have sulphate values more
than the permissible limit (IST 1983). Fluoride con-
centration in the study area ranges 0.34-1.91 mg/1
with an average 1.106 mg/l. Fluoride concentra-
tion more than 1 mg/l was found in the north-
ern portion of the study area. Eight out of the
42 groundwater samples have fluoride concentra-
tion more than the permissible limit (ISI 1983).
Nitrate concentration in the study area ranges
10.7-367.8 mg/1 with an average of 62.2 mg/1. The
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major portion of the study area has nitrate con-
centration within the permissible limit (IST 1983).
Sixteen groundwater samples of the 42 samples
have nitrate concentration more than 45 mg/l.
north-eastern portion of the study area has high
nitrate concentration. During this period of May—
September 2010, the EC values have decreased
with increase in groundwater level. Table 2(c)
clearly indicates the increase in the area occu-
pied by potable water (EC values less than 1500
uS/cm). The average groundwater level in the 120
key wells during May 2010 is 10.07 m bgl while in
September, the average groundwater level lowers
to 12.7 m bgl. The groundwater level during the
month of May 2010 ranges within the weathered
zone, i.e., 10.07 m (average GWL), while in
September 2010, the groundwater level declines
and reaches the massive formations with mini-
mal fractures. Time series analysis comparing the
groundwater level and EC values also shows the
pattern observed in the study area. EC values
decrease with increase in groundwater level from
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May to September 2010 and EC values increase
with decrease in groundwater level. Hence, shal-
lower the groundwater level, higher is the EC value
in the study area. Groundwater flow direction in
the study area is from the north-western/western
side towards the south-eastern/eastern direction.
The presence of dykes oriented in the N20°E and
north—south direction hinder the groundwater to
flow towards the eastern side. These dykes here act
as barrier stopping the groundwater to flow fur-
ther. This causes stagnation effect near the bar-
rier, which also helps in increase of residence time
of groundwater in a particular place near these
structures aiding to release/exchange of ions from
and between the formation and water (rock—water
interaction). To understand and identify the hydro-
geochemical processes that are taking place in
the study area, the Gibb’s (1970) plot (figure 6a)
was used to identify the mechanisms that
control the groundwater chemistry of the study
area. This plot shows the distribution of the data
points mostly in the rock dominance zone and a few
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of them in the evaporation zone, which indicates
that interaction between aquifer materials and
water is the major process controlling the ground-
water chemistry of this area. Perusal of the
figure shows that evaporation is not a dominant
process in the study area. This is again recon-
firmed from the plot between sodium to chloride
ratio and from sodium to chloride ratio ws. EC
(figure 6b and c). Concentration by evaporation
process assuming that no mineral species are pre-
cipitated, would leave the ratio of sodium/chloride
unchanged. Another plot of the sodium/chloride
ratio vs. EC would therefore produce a horizontal
line. The groundwater samples of the study
area show variation in the sodium/chloride
ratio (figure 6b). Sodium/chloride ratio wvs. EC
(figure 6¢) of the study area produces a slightly
inclined relationship, which indicates that evapo-
ration is not a dominant process in the study area.

4. Results and discussion

4.1 Structural control on groundwater

Three lineaments/dykes were selected and ground-
water conditions in the downstream and upstream
of the lineament/dyke were studied in detail.
Figure 7 shows the spatial distribution of the
lineament /dyke.

e Almost west-east oriented lineament/dyke
near village Valasai and surrounds have
very good potential and potable quality. Lin-
eament mapped is represented in figure as
lineament-1 (figure 7). About 200-250 m north
and south of the lineament has areas with high
potential groundwater sources. Details of these
well areas are given in table 3. A few wells in the
vicinity of the village Kambanaeri falling in this
zone have good discharge of 4-5 lps and can
operate for 810 hrs with 1-1.5 m drawdown.
Further, a few single wells in this zone irrigate
up to 10 acres of land. The groundwater qual-
ity is highly fresh. Electrical conductivity values
range from 800 to 1000 uS/cm. Here the linea-
ment acts as carrier and transmits fresh potable
water directly from the recharge area, i.e., the
bazada zone/foothills of the Western Ghats.
300 m on either direction, i.e., north and south
of the lineament, the scenario changes very dras-
tically. The quality of groundwater changes, elec-
trical conductivity value changes from less than
1000 pS/cm in the vicinity of the lineament area
to 1000-1800 wS/cm. Yield of the wells outside
the 200-250 m vicinity is very low. They yield
groundwater in the range of 2-3 Ips with only
1-2 hours of pumping and drawdown created is
in the range of 4-6 m, maximum available depth.

Table 3. Details of wells along the lineament.

Well no-2 & Well no-2a Well no-3 Well no-4 Well no-5
Ramespuram well Valasai 1T well

Well no-1
Kambanaeri Nadir well

Valasai

Kambanaeri 11 well

Well details

17.60 20.70 16.06 14.80

21.66

Depth (m bgl)

200 m N of lineament 200 m S of lineament 600 m NW of lineament 750 m NE of lineament 400 m N of lineament

Distance from the

structure (m)
SWL (m bgl)/month

12.60/Sept 2010 19.70/Sept 2010 14.06/Sept 2010 11.04/Sept 2010

15.85/Sept 2010

of measurement

5-6 0.5-1 1.5-2 1.5-2

5-6

Disharge (Ips)

1-1.5/10 hrs 3-4/0.5-1 hr 2-3/1-1.5 hrs 3-4/1 hrs

1-1.5/8-10 hrs

Drawdown (m)/hrs

of pumping (hrs)
EC (uS/cm)

864

925

560

1465

882
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Recharge area of the study area is from the
bazada zone/colluvial zones of the Western
Ghats. Catchment of many west—east orien-
ted lineamnets/ dykes is from these colluvial
deposits. Recharge structures like the percola-
tion pond/tank can be constructed in the bazada
zone, so that the W—E oriented dykes acting as
conduit transmits more water to the downstream
side and area of influence of beneficiary increases.

North—south (N40°W) oriented dyke near
village Andarkulam (east of Sendamaran)
have quality problems in the upstream
side. Dyke/lineament is represented in the
previous figure, labelled as II (figure 7).
EC value ranges from 3000 to 4000 uS/cm, while
wells in the downstream side have EC ranging
from 1300-1600 uS/cm. The groundwater flow
direction in the study area is from western/
northwestern towards the eastern/south-eastern
direction. The dyke here acts as a barrier
thereby hindering the normal groundwater
flow in the study area. This barrier action of
the dyke causes groundwater to stagnate for a
longer period of time, which results in changes
in groundwater quality. Rock—water interaction
is a primary process that could result with
increase in residence time, which is evident
from the EC values on the upstream as well as

the downstream side. Details of the wells falling
in the upstream and downstream of the dyke
are tabulated in table 4. The downstream side
has very low discharge and EC values change
drastically. The discharges in the wells on the
downstream side are very low. Wells yield 1.5-2
Ips for 30-60 mins/day only.

North—south (N20°E) oriented dyke near
village Marudappapuram have quality prob-
lems in the upstream side. The location of
the dyke is represented in figure 7. EC value
ranges from 3700 to 4600 uS/cm. Yield of these
wells ranges from less than 2 to 3.5 lps. The
wells located in the upstream side can run for
2-3 hours and they get dried. While in the
downstream side of the dyke, the groundwater
quality is drastically different. EC values are
lower and range from 1800 to 2200 pS/cm, but
the yield is very poor, ranging from 1 to 2 Ips and
wells sustain for less than an hour only. Details
of the wells in the upstream and downstream
sides of the Marudappapuram dyke are tabu-
lated in table 5. The dyke cuts across the Chittar
River near the village Arunachalapura—Nettur.
The groundwater near the vicinity of the river
is potable. The EC value ranges from 1000 to
1200 wS/cm. The dyke near the river Chittar acts
as a carrier to the vicinity of about 1 to 1.5 km

Special study details
part of Tirunelveli district

Legend
EEE Hils

+ monitoring wells
Lineament
— River

[ Region

In

10 20

kilometres

Figure 7. Map showing three lineaments.
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on both the sides. The wells in the downstream
side have very low yield.

The same trend is observed in many key wells
located in the upstream and downstream of the
Marudappapuram dyke. Eight key wells located in
the upstream side of Marudappapuram dyke and
seven key wells monitored on the downstream side
of the Marudappapuram dyke show quality and
quantity variation. Wells in the upstream side have
high EC with good to moderate discharge while
the wells in the downstream side have very poor
discharge with potable groundwater.

It is evident that the W-E oriented lineament/
dyke is highly potential. The dyke/lineaments
oriented in the N-W and NE-SW are associated
with quality problems because these dykes stop the
groundwater flow and cause stagnation of water,
which finally results in problems in quality.

In order to increase the groundwater potential
in the downstream side, the dyke can be excavated
up to 2 m bgl in the Chittar river section. Back-
filling can be done with sand and gravel to allow
flow and baseflow in the river. A check dam can be
constructed about 100-200 m in the downstream
side, which will increase the recharge from that
point.

5. Conclusion

Groundwater is widely used for irrigation and
domestic water needs of the study area. Ground-
water in the study area occurs in the weathered/
fractured/jointed charnockitic/gar.biotite gneissic
rocks. Groundwater is developed mainly by dugwells
and occurs under unconfined condition. The
aquifers of the study area have yield ranging
from <1 to 8 1/sec. Electrical conductance of
groundwater ranges from 193 to 4830 uS/cm.
Groundwater flow direction is from the west
to east/south-east direction. The groundwater
flow and its quality are fully controlled as
observed in the study area. Dykes and linea-
ments of the study area are of two types N-S
and W-E oriented structures. The N-S oriented
structures behave like a barrier while the W-E
oriented structure acts as a carrier. These struc-
tures carry groundwater like a conduit from the
recharge area, i.e., Western Ghats to the dis-
charge area. An east—west lineament near Valasai
having yield ranging from 56 lps can operate
for 810 hours with 1-1.5 m drawdown. The area
beneficial is only 200 m north-south of the linea-
ment. Groundwater can be lowered in this region
during summer by pumping and groundwater level
can be lowered to additional 7-8 m, which will
induce recharge subsequently during the rainfall.
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Further, with construction of artificial recharge
structures like percolation ponds in these bazada
zones, which are the recharge areas for these
W-E oriented lineaments, the beneficial area can
be increased. North—south oriented dykes N40°W
Ankarkulam and N20°E Marudappapuram show
quantity and quality variation on the upstream and
downstream side. The discharge decreases and EC
value lowers on the downstream side, while on the
upstream side, high EC and moderate to high dis-
charge is observed. Groundwater flow direction is
from the west to the east/south direction. Since
these dykes are cutting across the groundwater
flow the EC values increase due to stagnation.
Increase in residence time and rock—water interac-
tion lead to deterioration of groundwater quality.
Thus the geologic structures play a major role in
groundwater flow and quality in the study area.
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