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Percolation ponds have become very popular methods of managed aquifer recharge due to their low
cost, ease of construction and the participation and assistance of community. The objective of this study
is to assess the feasibility of a percolation pond in a saline aquifer, north of Chennai, Tamil Nadu,
India, to improve the storage and quality of groundwater. Electrical resistivity and ground penetrating
radar methods were used to understand the subsurface conditions of the area. From these investigations,
a suitable location was chosen and a percolation pond was constructed. The quality and quantity of
groundwater of the nearby area has improved due to the recharge from the pond. This study indicated
that a simple excavation without providing support for the slope and paving of the bunds helped to
improve the groundwater quality. This method can be easily adoptable by farmers who can have a
small pond within their farm to collect and store the rainwater. The cost of water recharged from this
pond works out to be about 0.225 Re/l. Cleaning the pond by scrapping the accumulated sediments
needs to be done once a year. Due to the small dimension and high saline groundwater, considerable
improvement in quality at greater depths could not be achieved. However, ponds of larger size with
recharge shafts can directly recharge the aquifer and help to improve the quality of water at greater
depths.

Keywords. Seawater intrusion; ground penetrating radar; electrical resistivity method; groundwater
quality; recharge well /shaft; Chennai.

1. Introduction

Depletion of groundwater resources has become a
major issue in several regions of the world over
the last few decades. Groundwater depletion has
been reported as a severe hydrogeologic threat
in major parts of North Africa, East, South and
Central Asia, North China, North America and
Australia as well as in several other parts of the
world (Konikow and Kendy 2005). Climate change
and large scale abstraction of groundwater for irri-
gation purposes has also accelerated the problem of

groundwater depletion (Hertig and Glesson 2012).
Large scale abstraction lead to groundwater deple-
tion which affects the sustainability of water sup-
plies (Schwartz and Ibaraki 2011), land subsidence,
reduction in surface water flows, spring discharges
and well yields, lose of wetlands (Bartolino and
Cunningham 2003; Konikow and Kendy 2005), rise
in pumping costs and sea water intrusion (Hunting-
ton 2008).

The large-scale implementation of managed
aquifer recharge (MAR) schemes at carefully
selected sites to enhance the groundwater storage
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will help to overcome the problem of ground-
water depletion. The efficiency of MAR schemes
depends a lot on the hydrogeological conditions
and the quality of water used for recharge. Selec-
tion of suitable sites for the implementation of
MAR structures needs to be carried out care-
fully with extensive hydrological, hydrogeological
and engineering investigations as the efficacy of
these structures depends on site-specific condi-
tions (Chowdhury et al. 2010; Russo et al. 2014).
MAR has been successfully implemented to mit-
igate seawater intrusion in many parts of the
world. A treated sewage recharge scheme in Salalah
coastal aquifer, Oman (Shammas and jacks 2008),
percolation pond in Korba coastal plain, Tunisia
(Paniconi et al. 2001), in Queensland, Australia
(Werner 2001) in Pondicherry, India (Sundaram
et al. 2008), check dams in Chennai, India (Pari-
mala and Elango 2013) were implemented. Ground-
water modelling was also used to understand the
effect of recharge structures by some researchers
(Mohammadi 2008; Rostami et al. 2010; Hashemi
et al. 2013).

According to CGWB (2005), about 14% of the
area of India is suitable for aquifer recharge. Con-
struction of check dams and percolation ponds
as MAR schemes as part of watershed manage-
ment projects has been widely practiced in India
with the support of the Indian Government as
well as other international agencies (Farrington
et al. 1995). Percolation ponds have become very
popular methods of MAR due to their low cost,
ease of construction and the participation and
assistance of community. The benefit of one such
percolation pond as a method of MAR, north
of Chennai was investigated as a part of this
study. The objective of this study is to assess
the feasibility of a percolation pond in a saline
aquifer, north of Chennai, Tamil Nadu, India,
to improve the storage and quality of ground-
water.

2. Methodology

2.1 Description of the study area

The study area forms a part of Arani river basin
located about 40 km north of Chennai, Tamil
Nadu, India (figure 1). The area lies nearly 3.8 km
west of Bay of Bengal and 0.15 km east of Arani
river, which joins the sea at about 4 km north
through Pulicat estuary. The atmospheric tem-
perature in this area varies from 22°C to 43°C.
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The average annual rainfall in the area is about
1200 mm. The Arani river is non-perennial and
flows for short periods during the north-east mon-
soon (October-December). However, during non-
monsoon periods, when the river is not flowing,
saline water from the estuary enters into the river
up to a distance of about 4 km. Buckingham Canal,
generally carrying saline water, runs parallel to the
coast near the eastern boundary. This canal always
contains water, as its base is at about —2.0 m msl
and is connected to the Bay of Bengal through the
rivers that cut across the canal.

Topographically, the study area is generally flat
and there is no considerable variation in eleva-
tion. The elevation of the study area is 3 m
msl. The important geomorphic units in the area
include alluvial and coastal plains. The seismic
refraction survey carried out at the Arani Korat-
talair river basin by Dwarakanath et al. (1968)
confirms different lithologic layers in the area.
The basement of this region comprises of gneis-
sic and charnockite rocks of Proterozoic era which
is overlain by Gondwana and Tertiary formations
(UNDP 1987). Quaternary formation, consisting of
clay, silt, sand and gravel and their admixtures
and also sandstone of about 45-60 m thickness
occupies the top of the sequence, which are under-
lined by carbonaceous shales of Upper Gondwana.
The thick alluvial sediments indicate that the
sedimentation in the area might have started some-
time during Holocene marine transgression. The
transgression must have naturally given rise to
changes in base levels of the rivers which resulted
in the accumulation of alluvial sediments along
river valleys, shifting of river courses, and devel-
opment of coastal plains. The Holocene marine
transgression with oscillations after last glacia-
tions carried the sea to its present level within
the range of radiocarbon dating (20,000 years)
(Bird 1969). The deposition of Quaternary sed-
iments in the alluvial plains of Arani river is
attributed to riverine and marine activities (Rao
1979). The very high salinity of groundwater along
the coastal region of this area is attributed to the
presence of marine deposits of Holocene age (Rao
1979). Excessive pumping of groundwater from the
site during the last few decades has also led to
seawater intrusion (Elango and Manickam 1987;
UNDP 1987; Elango and Ramachandran 1991;
Charalambous and Garratte 2011; Raicy et al.
2014; Rajaveni et al. 2015). The quaternary for-
mation functions as an unconfined aquifer. The
groundwater occurs at shallow depth. The depth
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Figure 1. Location of the study area showing major morphological characteristics.

to groundwater table varies from 2 to 3 m from
ground surface. The groundwater flow direction is
from west to east.

2.2 Field investigation methods

Extensive field investigations were carried out in
the study area by means of a resistivity meter
and a ground penetrating radar in order to select
suitable location for the construction of percola-
tion pond. Electrical resistivity survey was carried
out in the study area to understand the subsur-
face characteristics. This method is advantageous
as it can be carried out rapidly and is relatively
inexpensive (Choudhury et al. 2001; Calvache
et al. 2011). Electrical direct current is applied

between the two current electrodes rooted in the
ground and the electrical potential between two
other electrodes is measured in this method. The
qualitative comparison of observed responses of
apparent resistivity with standard theoretical resis-
tivity values helps to detect bodies of anomalous
materials beneath the surface of the earth. The
vertical variations in the geological formations of
the study area were understood from the electrical
signatures obtained by vertical electrical sound-
ing (VES) using a resistivity meter (ABEM SAS
1000). Schlumberger method of electrode arrange-
ment was adopted during the resistivity survey.
The maximum spacing between current electrodes
were from 66 to 86 m. VES was carried out at six
locations in and around the study site (figure 2).
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Figure 2. The locations of VES survey and GPR survey in the study area.

The thickness of subsurface layers at these sites was
determined by an inverse modeling method using
IX1D v2 (IX1D 2008) software. Inverse modelling
was carried out to match with the resistivity curve
obtained from the field survey with the theoritical
curves.

Ground penetrating radar (GPR), a high reso-
lution tool, is increasingly used to investigate the
nature of sediments and the environment of deposi-
tion of sediments (Deshraj et al. 2012). GPR (Pulse
EKKO PRO 100) with a 50 MHz bistatic antenna
having a resolution of 0.5 m was used to understand
the stratification beneath the surface. The basis
of interpretation of GPR records is the behaviour
of electromagnetic waves, which depends on the
magnetic permeability, dielectric constant and elec-
trical conductivity of the sedimentary units and
the GPR system-antenna characteristics (Daniels
et al. 1988). Radar energy is reflected at bound-
aries of electrically dissimilar materials where there
is a contrast in the dielectric properties. These
boundaries typically occur at stratigraphic discon-
tinuities, but may occur at the water table and
within stratigraphic units where changes in elec-
trical properties occur. When the GPR antenna
is pulled across the surface, a continuous profile
record is generated and displayed as a two-way
travel time vs. distance plot on a console for imme-
diate evaluation. Data were collected by line mode
and the depth of penetration of electromagnetic
radiations was about 20 m. In this method, as
the radar amplitudes or attenuations are influ-
enced by both dielectric constant and the electrical
conductivity of the medium, subsurface variations

can be investigated. This survey was carried out
over a profile of length of about 150 m. The
radargram was processed using EKKO_View V2
(EKKO_View 2008) software. Both electrical resis-
tivity and GPR survey helped to broadly under-
stand the subsurface lithology of the study region
and based on these investigations, a suitable loca-
tion was selected for the construction of percolation
pond.

2.3 Construction of percolation pond

A percolation pond was constructed at VES loca-
tion 6 during May 2012. An approximate slope of
45° was maintained for the sides of the pond. Since
the purpose of the study is to assess the feasibility
of a simple and low cost structure, which can be fol-
lowed by several farmers, the size of the pond was
chosen as 8 x 8 x 1.75 m. A wired fence was erected
at a distance of 2.5 m around the pond to pre-
vent unauthorized entry of people and to keep the
instruments safe. Three piezometers, namely, P,
Ps and P3 with diameter of 0.2 m each, distance of
separation of 0.5 m and respective depths of 2, 4
and 6 m were constructed during July 2012 by hand
augers near the eastern margin of the pond and
were cased with PVC pipes with their bottom slot-
ted for a length of 0.5 m. The slotted (3 x 75 mm)
portion of the casing in the piezometers were also
wrapped with plastic mesh to prevent the entry
of finer material and the annular space outside the
mesh was filled with coarse sand. The bottom of the
pipes was also covered with plastic mesh. Provision
was made to keep the boreholes closed with a lid at



J. Earth Syst. Sci. (2017) 126:66

Page 5 of 16 66

P, P> P3
PE—
J (—)j <> A
0Sm T 0.5 n 0.5m
I.m
Pond LTI
tm]| [
nanLLLLL 35m
—
0.2m
SSm
0.5m I SR
—
0.2m
05m I B
>
0.2m

Figure 3. Schematic design of the piezometers constructed near the percolation pond.

the top. A schematic diagram showing piezometers
is shown in figure 3.

2.4 Field and laboratory measurements

Rainfall in the area was monitored every 6 hrs by
means of an automatic weather station, installed
on the roof of a 5 m tall building at an approx-
imate distance of 100 m from the pond. Digital
automatic water level recorders (Solinst 3001) were
installed in piezometers and were set to monitor
the groundwater level every 3 min. The water level
and electrical conductivity of water measured in
an open well (figure 1) nearly 0.9 km away from
the percolation pond reported by Nair (2016) was
also used in this study. Water samples from the
pond and the three piezometers were collected in
clean, inert 500 ml plastic bottles every two weeks.
The alkalinity of water samples was measured by
titration (Merck 1.11109.0001) and the electrical
conductivity was measured using a conductivity
meter (Eutech Cyber scan 600) immediately after
the collection in the field itself. A default temper-
ature of 25°C and a linear temperature coefficient
of 2.1% per °C were selected in the conductivity

meter to directly measure temperature corrected
EC. The total dissolved solids (TDS) in water were
estimated by multiplying EC with 0.64 (epa.gov).
Samples were filtered with 0.22 pm filter paper and
were analysed after suitable dilution. The water
samples were brought to the laboratory immedi-
ately after collection and were analysed for the
concentration of major and minor ions by an ion
chromatograph (Metrohm Compact 861).

3. Results and discussion

3.1 Subsurface investigation
3.1.1 Vertical electrical sounding (VES)

VES data were interpreted by an automotive dete-
riorative process of interpretation in which the
computer code performs the necessary adjustment
to a layered model derived by an approximate
interpretation method in order to improve the
correspondence between observed and calculated
functions (Kearey et al. 2002). The true resistivity
values obtained by inverse modelling of the data
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Table 1. The VES model details of different layers in the study area.

Minimum Maximum
Site  Depth  resistivity  resistivity Type of Layer True resistivity
no. (m) (ohm-m) (ohm-m) curve thickness (m) (ohm-m)
1 41 2 160 Q 0-3 160-15
3-10 15-5
1041 5-2
2 44 0.3 1200 Q 0-3 12000-150
3-10 150-13
10-44 13-0.3
3 44 5 1100 Q 0-3 1100-180
3-10 180-80
10-44 80-5
4 40 5 1.3 x 104 Q 0-3 1.3 x 10* — 3 x 10®
3-10 3 x 10% — 250
10-40 250-5
5 44 3.5 300 H 0-9 300-10
9-44 1022
6 31 4 1100 H 0-1 >1100
14 1100-90
4-5.2 9025
5.2-31 25-22

obtained by VES are summarised in table 1. The
apparent resistivity curves obtained at different
locations are shown in figure 4. Two types of
resistivity curves were obtained from VES survey
carried out in the study area and they are ‘Q’ and
‘H’ types. Locations 1, 2, 3 and 4 correspond to ‘Q’
type of curves and locations 5 and 6 correspond to
‘H’ type of curves. Locations 1, 2, 3 and 4 gener-
ally displays smoothly sloping curves in the upper
reaches reflecting high resistivity values followed by
low resistivity values near the surface. The VES
curves at locations 5 and 6 are characterized by
a pronounced concave shape reflecting high resis-
tivity values at the shallow surface that decreases
with depth and then increases slightly.

Locations 1, 2, 3 and 4 have three layers each,
among which the top layer extends up to about
3 m, followed by second layer, which extends up
to nearly 10 m and the third layer continues after
that. Location 5 is characterized by a very low
resistivity and has two layers, in which top layer
extends up to a depth of approximately 9 m. Loca-
tion 6 is characterized by four layers, in which the
top two layers extend up to depths of 1.2 and 4 m
respectively, which is followed by a thin lens of
low resistivity layer of 1.2 m thickness. In general,
the resistivity values of these layers are com-
paratively low due to the presence of the saline
groundwater.

Two resistivity cross sections AA’ and BB’
were drawn connecting locations 5, 6, 2 and 4,
6, 1 respectively using the true resistivity values
obtained from inverse modelling (figure 5). The for-
mer is along west—east direction and the latter is
along north—south direction. The resistivity values
decrease from 11,000 to 13,000 ohm-m to below
10 ohm m with respect to depth in both the cross
sections. The resistivity values abruptly decrease
after a depth of about 2 m. The very low resistivity
below an approximate depth of 2 m is attributed to
the high salinity of groundwater. In cross section
AA’ and BB’ (figure 5), the resistivity increases
from west to east and south to north respectively.
This is probably attributed to increase in saline
water influx from the Arani river.

Out of the six locations, in which the VES was
carried out, at location 6, the resistivity values
increase beyond the electrode spacing of 20 m (fig-
ure 4). Even though the site is located not more
than 1 km from location 5, the resistivity values
increase probably due to the presence of coarser
materials at depth.

The interpreted lithology by inverse modelling
of the resistivity data of location 6 is shown in
figure 6. By comparing the range of true resistiv-
ity values of each layer with standard resistivity
values of different lithological units (Kaufman and
Hoekstra 2001), layers 1, 2, 3 and 4 are interpreted
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Figure 4. Apparent resistivity curves of locations 1, 2, 3, 4, 5 and 6 (AB = current electrode spacing).

as sandy silt, silty sand, silt and sand respectively
(figure 6). The top layer extends up to a depth of
1.2 m which is underlined by silty sand layer up to
a depth of 4 m. As the ground surface consists of
sandy silt up to a depth of about 1. 5 m, percola-
tion of rain water through this layer will be less.
However, this site was selected for the construc-
tion of percolation pond since this site is likely to
have coarser sediments beyond the depth of 10 m.
Hence, this site was chosen for the construction
of percolation pond of depth of 2 m, so that the
comparatively permeable silty sand is exposed at
the bottom of the pond. To investigate the litho-
logic variation at more fine resolution, just beneath

the proposed location of the pond, GPR technique
was also used.

3.1.2 Ground penetrating radar (GPR)

The radargrams obtained from the GPR survey
were processed and were interpreted to understand
the subsurface signatures in the area. A wiggle plot
was generated from the radargram (figure 7a) to
illustrate the variation in subsurface amplitude of
signals with respect to position and time. This plot
shows traces in overlapping vertical columns with
no deflection or deflection to the left or right, rep-
resenting zero, positive and negative amplitudes
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Figure 5. (a) The east-west and (b) north—south two dimensional cross sections of subsurface resistivity of the study area.
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respectively. The amplitude of GPR signatures in
the radargram varies over depth depending on the
soil texture and spatial variation in soil moisture
(Western et al. 1998). The processed radargram is
shown in figure 7(b) and the inferred subsurface
layers are shown in figure 7(c). As a result of high
velocity and high attenuation of radar energy, the
first to return are air waves which are followed by
ground waves. Thus, the top layer in figure 7(c) rep-
resents air waves and the next are due to ground

waves. In layers 1 and 2, shown in figure 7(c), the
wavelengths of electromagnetic signals are high up
to a depth of about 5.5 m. Horizontal and continu-
ous signatures occur up to a depth of nearly 4.5 m
in layers 1 and 2.

Highly saline groundwater in the saturated zone
causes a decrease in wavelength and an increase
in amplitude. Layer 3 is characterized by discon-
tinuous signals indicating saline water. However,
the reflection patterns obtained at this site are not
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Figure 7. (a) Vertical variation in amplitudes of GPR signatures in a wiggle trace plot,

(c) interpreted lithology.

unique and similar patterns could be arising from
sediments deposited in various environments. For
example, hummocky discontinuous reflections are
interpreted as accretionary spit beach sand and
gravel by Van et al. (1998) as vegetated sand dunes
by Bristow et al. (2000), as poorly resolved sets of
trough cross stratification by Bristow (2000) and as
beach ridge deposits by Neal and Roberts (2000).

The depth to groundwater table in the area was
measured as 3 m, while drilling of the piezometer,
which is in accordance with the inference made
from the GPR. The VES and GPR indicated that

(b) GPR radargram, and

the surface formations in the area are characterized
by less permeable layers. Fine sand is present at a
depth of about 1.2 m from the ground surface and
hence the depth of the pond was decided as 1.5 m.

3.2 Improvement in groundwater level

The percolation pond was constructed at the site
of VES location 6 during May 2012. The pond
started filling with run-off water during the middle
of September, after the commencement of north-
east monsoon. Water level in the pond rose to
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Figure 9. Temporal variation in rainfall and the water level in the pond and piezometers.

its maximum level by the end of September. The
water level in the piezometers rose with respect
to the rise in water level in the pond in such a
way that the depth to water level in piezometers
were increasing with the distance from the pond.
This indicates that the depth to water level was
very shallow in the piezometer (P;) located close

to the pond as compared to P, and P3, which
are 1 and 1.5 m respectively away from the pond.
Figure 8 shows the conceptual cross section along
west—east direction of the area with water level in
pond and piezometers. In this figure, the water
level on the right side of the pond is based on
the water level measurements in the piezometers,
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Figure 10. The 3-min interval water level response to pond water recharge in P2 and P3 during major rainfall event in 2012.

whereas that on the left side is conceptual due to
the absence of piezometers on the west. The tem-
poral variation in rainfall and water level in pond,
Py, Po and Pj3 for the period August 2012-May
2013 are shown in figure 9. The closer temporal
(3-min interval) water level response to the pond
water recharge in the deeper piezometers P, and P3
from September to October 2012 is shown in fig-
ure 10, which indicate that the groundwater level
in P, and P3 respond well with the pond water
level. The water level in the pond is shallow from
September 2012 to February 2013. As the rain-
fall was very low from November 2012 and the
water level has started to reduce from January
2013, the pond became empty by the end of May
2013. The groundwater recharge was also calcu-
lated from the temporal variation in the water level
in the pond and the regional pan evaporation data
collected from India Meteorological Department.

A total amount of 98 m?3 of water was recharged
from September 2012 to May 2013.

3.3 Improvement in groundwater quality

The range of EC of water in pond, Py, P> and P3
varies from 552 to 1778, 5552627, 33,290-41,212
and 58,313-73,640 nS/cm, respectively (figure 11).
This indicates that the quality of groundwater
becomes poor with respect to depth and at a
depth of 6 m, groundwater is supersaline. The
order of dominance of chemical ions in meq/l in
the pond water and groundwater in Py, Po, P3 are
as CI” > Na™ > Mg?" > SO3~ > Ca®" > HCOj3,
Cl™ > Mg*" > Nat > Ca’" > SO7~ > HCOj,
Nat > ClI” > Mg?" > SO7~ > Ca?" > HCO;
and CI- > Na™ > SO}~ > Mg?" > Ca’T >
HCOj3, respectively.
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Figure 11. Temporal variation in EC, concentrations of C1~ and Na™ of water from the pond and piezometers.

Schoeller diagram for the water samples collected
from ponds, Py, P5 and P3 before filling up during
rainfall and after drying up of the pond is shown in
figure 12. Even though the ionic concentration of
water in Po and P3 show decreasing trend after the
construction of the percolation pond, the concen-
tration of major ions in Py and P3 do not vary
significantly before, during and after rainfall, as
compared to pond P;. The reduction in concentra-
tion of major ions in water is due to the recharge
of relatively fresh rain water collected in the pond.
The comparatively slow rate of reduction in the
ionic concentration in P, and Ps is attributed to
the very high salinity of water at greater depths
in the study area. High concentration of major
ions in groundwater may be due to the presence of
marine sediments (UNDP 1987) and nearby saline
surface water bodies in the area. As the ground-
water in the area is brackish, the effect of dilution
due to recharge of fresh water from the pond is not

significant. The TDS in groundwater at P, and Pj
causes the fresh groundwater recharged from the
pond with relatively low density to stay at the top
of the saturated zone. The progressive increase in
the concentration of ions with depth also indicates
the effect of recharge from the pond.

As the top soil layers around the study area are
of less permeable silt and clay, the direct rainfall
recharge in the area will be very low. The very
high EC of groundwater in this region due to the
negligible rainfall recharge through the less per-
meable silt and clay surface layers was previously
reported by Raicy and Elango (2014). The effect of
recharge from the pond in improving the ground-
water level and quality of water in the nearby area
was also verified by comparing with the water level
and EC in an open well which is not in the zone of
influence of percolation pond. Considering that the
geology and the rainfall is the same at the location
of the percolation pond and the open well away
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Figure 12. Schoeller diagram for the water samples collected from the pond and piezometers (a) before filling up of the

pond, (b) during rainfall and (c) after drying up of the pond.

from the zone of influence of the pond, the rise in
groundwater level was almost 1 m more in the
piezometers located around the percolation pond
than the open well (figure 13). This confirms that
the rise in water level in piezometers close to
the percolation pond is attributed to the effect of
recharge of the pond. Also, the EC of groundwater
in Py which was 2627 wS/cm before filling of the
pond has not increased beyond 1713 uS/cm even
after the water level in the pond has lowered. Fur-
ther the groundwater level in the open well during
August 2012 and May 2013 were almost same, EC
of groundwater was more during May 2013 as com-
pared to that of August 2012 (figure 13). However,
the EC of water in the open well also follows sim-
ilar decreasing trend after rainfall recharge. This
means that the reduced EC in piezometers close to
pond even after drying up of the pond is attributed

to the recharge from the percolation pond. Though
the construction of pond could increase the volume
of recharge and relatively improve the groundwater
quality at shallow depth, no significant improve-
ment in quality was observed in greater depths.
This is attributed to very high salinity of ground-
water beyond 5 m and the quantum of recharge is
very less to dilute the water.

3.4 Feasibility assessment

It is important to assess the benefits of the con-
struction of percolation pond in the study area.
The total cost of construction and annual mainte-
nance of the pond works out to be about Rupees
15000.00 (225 USD) and 5000.00 (300 USD) respec-
tively and the volume of water recharged during the
period of study is 98 m?. Considering the total cost
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Figure 13. Comparison of groundwater level EC in observation well near the pond and away from the pond.

of construction and recurring expenditure for main-
tenance, the cost of water recharged from this pond
works out to be about 0.225 Re/l. Due to lower
cost and ease in adoptability, percolation ponds are
better option to improve the rainfall recharge in
this area. However, the recharge of water from the
pond could not bring considerable improvement in
groundwater quality as the size of the pond is very
small and the groundwater in the area is highly
saline. The volume of water recharged by this pond
is very low to significantly improve the ground-
water quality in the area, however, the quality of
groundwater could be improved if many such per-
colation ponds were constructed and maintained

properly.

3.5 Limitations and future considerations

Percolation ponds are one of the simple and cost
effective methods of MAR, which can also be
adopted by farmers. Though construction of per-
colation ponds using MAR improves groundwater
resources in overexploited aquifers, there are a
number of limitations, which also needs to be
emphasized. In order to get maximum benefit
out of the MAR structures, it is vital to have a
clear understanding of the aquifer characteristics
to decide about the size and the type of structure.

Systematic maintenance of MAR structures is
necessary to sustain their efficiency on a long term
basis. The rainfall runoff coming into the pond also
brings in considerable amount of sediments that
get deposited at the bottom. This results in clog-
ging of pores and thereby the rate of infiltration
gets reduced over time. In the present study too,
clogging of pores by finer sediments at the pond
bottom was a major problem. Sediment layer of
about 0.4 m thick was found deposited in the pond.
Before the onset of monsoon during the subsequent
year, this layer was manually scraped and exca-
vated in order to achieve maximum recharge in the
subsequent monsoon season. Hence, MAR struc-
tures need to be properly maintained by scrapping
the clogging layers at least once a year, prefer-
ably before the commencement of monsoonal rains.
Recharge shafts/wells, which are wells with slots
both at the bottom and at the top may also be con-
structed inside the pond in such a way that the well
is exposed above the bottom of the pond. In such
cases, water will get directly recharged into the
aquifer through the recharge well. Further the slot-
ted portion above the pond may be wrapped with
dhoti or saree to prevent the entry of suspended
particles. If several such structures are constructed,
the groundwater quality is expected to improve in
a regional scale and enabling the provision of hand
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pumps can benefit the local people to pump atleast
150-200 litres of water per day with reasonable
quality during the peak summer periods. Further,
numerical groundwater modeling can be employed
to simulate the impact of the recharge structure on
the aquifer behaviour.

4. Conclusions

Selection of an appropriate location for the proper
functioning of a MAR structure and the impact of
the structure was investigated in a region north of
Chennali, India. From the geophysical and lithologi-
cal investigations, a suitable location was identified
and study was carried out by constructing a pilot
scale percolation pond. Due to the construction of
a percolation pond, groundwater level has rised
by about 30 ¢m and the quality of groundwater
has improved. At the cost of about USD 225, a
quantity of approximately 98 m? of water could
be recharged. Even though the quantity of water
recharged from the pond is less, if several such
ponds are constructed, the quality of water in this
region is expected to improve in the upper part of
the aquifer. This will enable the provision of hand
pumps for the benefit of local community, who may
get at least 150-200 1/day of water with reasonable
quality during the peak summer period of March—
May. Percolation ponds are found to be simple and
economically feasible method for recharging the
aquifer. This study indicated that a simple exca-
vation without providing support for the slope and
paving of the bunds helped to improve the ground-
water level at the study site. This method can be
easily adopted by farmers who can have a small
pond within their farm to collect and store the
rainwater. Cleaning of the pond needs to be done
once a year by scrapping the accumulated sedi-
ments. As the dimension of the pond is small and
the groundwater in the area is highly saline, con-
siderable improvement in the groundwater quality
could not be achieved at greater depths. However,
ponds of larger size with several recharge shafts
may help to improve the quality of water at greater
depths.
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