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The deterioration of groundwater quality has become a serious problem for the safe drinking water supply
in many parts of the world. Along coastal aquifers, the saline water moves landward due to several reasons
even though significant rainfall is available. The objective of the present study is to investigate the impact
of a combined recharge structure including a percolation pond and a recharge shaft in improving the
groundwater quality of the surrounding area. The area chosen for this study is Andarmadam, Thiruvallur
district of Tamil Nadu. As a part of the study, a suitable site was selected for the construction of a
percolation pond based on preliminary Beld investigations in 2012. Three piezometers were also con-
structed near the percolation pond to investigate the impact of the structure on groundwater recharge.
Further, a recharge shaft was added to this structure in 2013 to overcome the clogging issues at the pond
bottom and to enhance the recharge. The impact of the percolation pond on groundwater was assessed by
comparing the periodical groundwater level Cuctuations with rainfall in the area. The Cuctuations in
groundwater level near the percolation pond show variations before and after the construction of recharge
shaft. The amount of water recharged through the percolation pond during the water year 2012–2013 was
estimated as 250–300 m3. The volume of recharge was calculated to be increased more than twice after the
construction of recharge shaft inside the percolation pond, on the assumption that recharge through the
pond surface remained almost same as before. The dilution of ionic concentration in water was three times
higher after the construction of recharge shaft. The long-term groundwater quality in the surrounding area
of the pond improves gradually with time. The total dissolved solids (TDS) decrease considerably with
time due to the dilution of dissolved solids in water with the fresh water recharging into the aquifer. The
Wilcox diagram of most of the water samples after the construction of the recharge structure fall in the
excellent to good category, indicating improvement in irrigation water quality.
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1. Introduction

The deterioration of fresh water resources by saline
intrusion (Schroter et al. 2005; Werner et al. 2013)
has become a global issue which aAects the coastal
water quality and threatens the sustainable water

supply to the coastal communities (Cassardo and
Jones 2011; Gain et al. 2012). Even though several
expensive technological solutions are available to
deal with reduced freshwater availability along
coastal aquifers (Shahid et al. 2000), the manage-
ment of coastal water resources by natural or
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artiBcial recharge has been widely promoted all
over the world (Shahid et al. 2000; Sener et al.
2005). Even though precipitation is the dominant
source of natural recharge to aquifer systems, other
possible sources such as surface water bodies, irri-
gation and induced recharge also attribute to sub-
surface recharge (Anbazhagan et al. 2005; Parimala
and Elango 2013; Zuurbier and Stuyfzand 2016;
Raicy and Elango 2014). The type of recharge
process depends on the nature and source of water
used for the aquifer recharge (Balke and Zhu 2008).
The enhanced fresh water recovery (Maliva et al.
2005; Ward et al. 2007; Parimala and Elango 2013)
and improved groundwater quality (Bakker 2010;
Zuurbier et al. 2014) upon aquifer recharge has
been reported all over the world. Different tech-
niques of aquifer recharge such as aquifer storage
and recovery, aquifer storage transfer and recov-
ery, bank Bltration, dune Bltration, inBltration
ponds, percolation tanks, rain water harvesting,
soil aquifer treatment, sand dams, underground
dams and recharge releases have been successfully
used for groundwater storage for water-resource
management in the USA, Europe, South Africa,
India, China and Middle East (Shahid et al. 2000;
Martin et al. 2002; Sener et al. 2005; Dillon et al.
2009; Zuurbier et al. 2015).
In India, the beneBt of managed aquifer recharge

is being exploited since the last few decades
(Anbazhagan et al. 2005). Considering India’s
present groundwater situation, aquifer recharge
can be adopted further in about 14% of the area
(CGWB 2005). Percolation ponds are one among
the most economically feasible methods of aquifer
recharge and have been implemented widely in
India by the support of both Central government
and international agencies (Farrington et al. 1999).
A few examples are in Agrahara Valavanthi micro-
watershed, Namakkal District (TWAD 1998),
Nedardi (VIKSAT 2004) at Moti Rayan and
Bhujpur area in Mandvi Kutch District (CGWB
2000).
Aquifer recharge through inverted shafts when

water is available gain attention in recent years.
These aquifer storages transfer and recovery
(ASTR) methods involve several steps such as
capture of water sources such as storm water,
percolation of water into the underground aquifer,
temporary storage of water in the aquifer and
extraction of water for later use. The aquifer sys-
tem can be managed in a better way by these
combined recharge techniques to function in a
much eAective manner. Many countries and several

US states such as Florida, Arizona, and California
practice ASTR methods (Martin et al. 2002).
The eDcacy of aquifer recharge structures in

improving the groundwater quality in the nearby
areas has not been explored much as compared to
groundwater recharge. Hence, the present study
was carried out to assess the feasibility of a per-
colation pond and a recharge shaft in improving
the quality of groundwater in a saline aquifer,
north of Chennai (Bgure 1). Seawater intrusion due
to overpumping of groundwater during the last few
decades along with marine deposits of Holocene age
(Rao 1979) have led to very high salinity of
groundwater in this area (Elango and Manickam
1987; UNDP 1987; Elango and Ramachandran
1991; Charalambous and Garratt 2009; Raicy et al.
2014; Rajaveni et al. 2015). The groundwater is
saline also due to the recharge of saline water from
the Buckingham canal and the backwaters from
Pulicat estuary. The non-availability of usable
water for the local community both for agriculture
and for domestic use urge the immense need to
convert the excess rainfall runoA into recharge.
Hence, an economically feasible and easily practi-
cable recharge structure was constructed in the
area to investigate its eAect in coping with saline
water intrusion. Hence the objective of the present
study is to assess the impact of a combined
recharge structure including a percolation pond
and a recharge shaft in improving the groundwater
recharge and quality.

2. Methodology

2.1 Study area

The study area forms a part of Arani river basin,
which is located at about 40 km north of Chennai,
Tamil Nadu, India (Bgure 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 Arani river is
non-perennial and Cows for short periods during
the northeast monsoon (October–December). The
average annual rainfall in the area is about
1200 mm. The average elevation of the area is 3 m
msl. The area is mainly characterized by alluvial
and coastal plains. The basement of this region
comprises of gneissic and charnockite rocks of
Proterozoic era which is overlain by Gondwana
and Tertiary formations. Quaternary formation of
about 45–60 m thickness, consisting of clay, silt,
sand, gravel, their admixtures and sandstone,
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occupies the top of the sequence, which are
underlined by Carbonaceous shales of Upper
Gondwana. The quaternary formation functions as
unconBned aquifer. The groundwater occurs at
shallow depths. The depth to groundwater
table varies from 2 to 3 m from ground surface.
The groundwater Cow direction is from west to
east.

2.2 Field investigation

As a part of the study, Beld investigations were
carried out to select suitable locations for recharge
structures to achieve maximum performance. A
percolation pond and three piezometers P1, P2 and
P3 with depths 2, 4, and 6 m, respectively, were
constructed at 0.5 m apart during May 2012. The
bottom of the piezometers was perforated for a
length of 0.5 m and were wrapped with wire mesh.
The design of these structures are detailed in Raicy
and Elango (2017). Even though this structure
could collect maximum surface runoA water and
could recharge the aquifer, its impact in improving
the groundwater quality in the nearby area was less
due to its small size and clogging of suspended
particle at the pond bottom which reduced the
recharge (Raicy et al. 2014). Hence, to directly
recharge the aquifer, a recharge shaft was con-
structed at the center of the percolation pond by
the method of hand auguring during August 2013.
The schematic sketch of the combined recharge
structure is shown in Bgure 2. The shaft includes
two polyvinyl chloride (PVC) slotted pipes of 0.15
and 0.25 m diameter, in which the former is kept
inside the latter. The space in between outer and

inner pipes was packed with gravels. The bottom of
recharge shaft was kept at maximum reachable
depth where the formation is sandy. The length of
the vertical recharge shaft is 9.5 m, beyond which
hand auguring was difBcult. The direct vertical
entry of pond water into the gravel pack and sub-
sequent clogging of suspended particles in the pore
spaces inside the gravel pack were restricted by a
concrete base made at the pond bottom surround-
ing the inner pipe. The same setup was also
arranged as a continuation of the shaft above pond
bottom. The outer pipe was coated by a dhoti cloth
to Blter the water containing suspended particles
before entering the gravel pack. The inner pipe is
sealed by a PVC cap at the top to restrict the
direct entry of suspended pond water into the
aquifer. When the pond is Blled with water, it
enters the outer pipe, wherein the dhoti cloth and
gravels act as Bltering mediums. The Bltered water,
entering the inner pipe, spread both horizontally
and vertically due to the hydrostatic pressure
inside the pipe. The horizontal movement of water
is also aided by the secondary Bltration through the
gravel packing surrounding the inner pipe. The
groundwater level and quality of the nearby area
were monitored periodically to assess the impact of
the induced recharge.
Rainfall in the area was monitored using an

automatic weather station installed at an approx-
imate distance of 100 m from the pond. Digital
automatic water level recorders (Solinst 3001) were
installed in piezometers as well as in the pond and
were set to monitor the groundwater level. Water
level in the pond was measured once in two weeks.
Water samples from the pond and piezometers

Figure 1. Location of the study area.
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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 sampling in the Beld. A default
temperature of 25�C and a linear temperature
coefBcient of 2.1% per �C were selected in the
conductivity meter to directly measure tempera-
ture corrected electrical conductivity. 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). Samples
were Bltered with 0.22 lm Blter paper and were
analysed after suitable dilution. The TDS in water
were calculated by multiplying the electrical
conductivity (EC) in lS/cm by a factor of 0.64.
As the pond water level and evaporation data

were available, the groundwater recharge was
estimated by water balance approach, which states
that the water recharged is equal to the change in
storage in the pond minus the volume of water lost

due to evaporation. Water balance models, which
estimate the balance between inCow and outCow,
were developed in the 1940s by Thornthwaite
(1948) and revised by Thornthwaite and Mather
(1955). This method can be used to quantitatively
evaluate the dynamic behaviour of water resources
as well as the individual contribution of water
sources over different time periods and to establish
the degree of variation in water regime due to
changes in components of the system (Weiss and
Gvirtzman 2007). The basic concept of water bal-
ance is that storage of the system (over a period) is
equal to the difference between change in input to
the system and outCow from the system. The
general components of computations of water bal-
ance are identiBcation of significant components,
evaluation/quantiBcation of individual compo-
nents and the presentation in the form of water
balance equation. The approach for water balance,
can be stated as:

Recharge ðm3Þ ¼ change in storage ðm3Þ
� water loss due to evaporation ðm3Þ:

ð1Þ

Figure 2. Schematic diagram of combined recharge structure.
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3. Results and discussion

3.1 Improvements in groundwater level

As the water level in the percolation pond rises due
to the surface runoA collected during precipitation,
the groundwater level in the piezometers also
shows sequential rise. Hence, rainfall events, which
could produce enough surface run oA to Bll the
percolation pond, were followed by an increase in
groundwater level in the piezometers. The period-
icity of rainfall events during the water year
2012–2013 was comparatively less and the pond
water level started declining from January 2013
until it became dry by the end of May 2013
(Bgure 3). During the water year 2013–2014, the
water level rose to the maximum capacity of the
percolation pond by the end of September 2013 and
started declining subsequently by January. The
pond became dry by March 2014 (Bgure 3) and this
rapid water level drop is attributed to the direct
entry of water to the aquifer directly through the
shaft, which makes the recharge process faster.
This recharge process reoccurred annually and a
water level of nearly 30 cm was sustained in the
piezometers, after construction of recharge shaft,
even when the pond became dry (Bgure 3).

3.2 Estimated recharge volume

The amount of water recharged into the aquifer
through the percolation pond before and after the
construction of recharge shaft was calculated by
considering the temporal variation in water level
and surface area of the water in the pond. As the
horizontal to vertical side slope of the percolation
pond was maintained as 1:1 on all sides, the
surface area changes with respect to water level.
The monthly volume of water recharged into the
aquifer through the percolation pond from 2012
to 2016 is shown in Bgure 4. The volume of water
recharged through the percolation pond during
the water year 2012–2013 is estimated as 98 m3

(Raicy and Elango 2017). As the rainy season
commenced during August 2012, suspended par-
ticles in pond water settles at the bottom, which
slowed down the rate of recharge. As more and
more particles settled, the thickness of clogged
layers at the pond bottom increased which
caused a gradual decline in recharge rate. How-
ever, after the construction of recharge shaft,
groundwater recharge increased considerably
(Bgure 4). The annual volume of water recharged

from the combined structure during the water
years 2013–2014, 2014–2015 and 2015–2016 were
estimated as 356, 396 and 460 m3, respectively.
This is two to three times of the amount of
recharge through the percolation pond without
recharge shaft (Bgure 5). The volume of recharge
was higher during the water years 2014–2015 and
2015–2016 due to frequent intermittent rainfall
events and subsequent recurrence of water level
rise (Bgure 3).

3.3 Improvement in groundwater quality

The recharge from the percolation pond has
enhanced the groundwater quality in the nearby
piezometers. When the pond Blls, the groundwater
level in the nearby area rises and forms a fresh
water plume, which dilutes the concentration of
ions in groundwater. The long-term groundwater
quality in the surrounding area of the pond shows a
gradual improvement with time (Bgure 6). Even
though there was water at the bottom of P1, it was
difBcult to pump or extract water when the water
level was very close to the bottom surface. So we
could not collect water samples from P1 during
some months. The impact of the structure was
assessed by comparing the groundwater quality
before and after the construction of recharge shaft.
EC of groundwater shows distinct variations before
and after the construction of recharge shaft. The
range EC of water in pond, P1, P2 and P3 during
2012–2013 were 552–1778, 555–2627, 33290–41212
and 58313–73640 lS/cm, respectively (Bgure 6).
EC increases with depth and the groundwater is
super-saline at a depth of 6 m. High EC of
groundwater is attributed to the presence of mar-
ine sediments and nearby saline surface water
bodies in the area (UNDP 1987). The groundwater
quality improved significantly after the construc-
tion of the recharge shaft. However, the range of
EC of water in pond, P1, P2 and P3 during the
water year 2013–2014 were reduced to 590–1217,
876–1835, 34547–19201 and 63569–1773 lS/cm,
respectively, after the construction of the recharge
shaft. Figure 6 shows EC of water in pond, P1, P2

and P3 before (2012–2013) and after (2013–2016)
the construction of recharge shaft. The dilution of
ionic concentration in groundwater during rainfall
recharge is comparably less before construction of
recharge shaft, whereas dilution is around three
times more after the construction of recharge shaft.
This is evidenced by the drastic decrease in EC
during 2013–2014. Though the recharge takes place
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only for about Bve months every year, the EC of
groundwater in P3 remains comparatively less
throughout the year due to the direct horizontal
recharge through the sandy layer.

3.4 Effect of recharge on concentration of ions

The variation in concentration of hydrochemical
components was investigated to understand the

Figure 3. Rainfall vs. water level in pond and piezometers before and after construction of recharge shaft.
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impact of percolation pond in improving the
groundwater quality in the vicinity. Even though
the concentration of Na+ andCl�were reduced after
rainfall, the concentration of ions increases gradu-
ally due to leaching from in-situ sediments in the
area. However, the EC and concentration of ions
sustain to a reduced level after drying up of the
pond. As the volume of water recharged into the
aquifer is more after the construction of recharge
shaft, the rate of dilution is also high, which is
indicated by a sharp decrease in EC and ionic con-
centrations during August 2013. Hence, the grade of
groundwater quality primarily depends on the level
of contamination of groundwater in the area and
volume of water recharged into the aquifer.

The order of dominance of major and minor
ions in the water in pond, P1, P2 and P3 are
Cl–[Na+[Mg2+[ SO4

2�[Ca2
+[HCO3

–, Cl–

[Mg2+[Na+[Ca2+[SO4
2–[HCO3

–, Na+[
Cl–[Mg2

+[ SO4
2–[Ca2+[HCO3– and Cl–[

Na+[SO4
2–[Mg2+[Ca2+[HCO3

–, respec-
tively, before the construction of recharge shaft.
The dilution of ions in P1 was more as compared to
P2 and P3 during 2012–2013 (table 1) (Bgure 6)
due to the greater interaction between pond water
and groundwater at shallower depths. The reduc-
tion in the concentration of major ions in water is
due to the recharge of relatively fresh rain water
collected in the pond. The mean concentrations of
major ions in water in the pond, P1, P2 and P3

before and after the construction of recharge shaft
are shown in table 1. The ionic concentrations in
water decrease immediately after the rainfall
recharge due to the dilution of ions by the fresh
runoA water and after that gradually increases
with time as evident from table 1. The concentra-
tions of cations and anions show a decreasing trend
over the past 3 years and this indicates that the
continuous recharge of fresh rainfall and runoA
from the surrounding area to the aquifer can dilute
the salinity of groundwater in due course of time.
However, most of the cation and anion concentra-
tion in P1 increases during the water year

Figure 4. Monthly recharge after constructing percolation pond.

Figure 5. The total volume of water recharged during each
year.
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2014–2015. During this time, even though the
rainfall was commenced by July 2014, the pond
was getting Blled only by the end of August. The
considerably long gap between the rainy season in
2013 and 2014, along with the high mean daily
temperatures caused accumulation of evaporated
residues of salts in the near surface. As P1 is shal-
low, eAect of evaporate residue will be more in
comparison to deeper piezometers. When the pond
was Blled during August 2014, the dissolution of
salts causes higher concentration of ions in P1. The
same process happens in pond also. However, as
the clogged sediment layer at the pond bottom was
removed before the commencement of monsoon,
the eAect is less in pond water. The ionic concen-
tration of water in P2 and P3 did not vary signifi-
cantly as compared to pond and P1. In P2 and P3,
the fresh groundwater recharged from the pond
stays at the top of saturated zone due to lower
density and the dense saline groundwater at deeper

zones slows down the rate of dilution. The faster
dilution in P1 was due to the rapid recharge and
interaction between pond water and P1 due to the
proximity of P1 to the pond. Also, as the bottom of
P1 is at 2 m, even small rainfall events which could
bring run oA water to the pond, could dilute the
ionic concentrations of water in P1. However, the
inBltration rate is rather slow below P1 due to the
presence of low permeable sandy silt and silt layer
and hence the improvement in groundwater quality
in P2 and P3 is less during the water year
2012–2013. This is evident by the high concentra-
tion of Na+ as compared to Ca2+ and Mg2+ in the
water in P2 and P3. After the construction of
recharge shaft, the concentration of major ions in
P3 becomes less than that of P2 (table 1), indicat-
ing that the perforated zone of P3 is very much
beneBtted due to the recharge through the shaft
bypassing a silty layer of about 1 m thickness
present just beneath P2. This is due to the

Figure 6. Water level, EC and concentration of ions in pond, P1, P2 and P3.
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comparatively higher hydraulic conductivity of
this zone, which could directly beneBt the water in
P3 (Bgure 6). The order of dominance of ions in the
pond and the piezometers after the construction
of recharge shaft also remained same for pond, P1

and P2.

3.5 Reduction in TDS

The suitability of water for domestic use mainly
depends on TDS, which is the organic/inorganic
salts in water, generally deriving from natural
seepages, urban/agricultural runoA industrial
waste water, etc. The palatability of drinking
water has been classiBed into excellent for less than
300 mg/l, good for 300–600 mg/l, fair 600–900 mg/
l, poor 900–1200 mg/l and unacceptable for greater
than 1200 mg/l based on TDS level (WHO 2004).
The minimum and maximum of TDS before and
after construction of recharge shaft is shown in
table 2. Almost all the samples were categorised as
unsuitable for drinking purpose except few of the
pond water samples. The minimum TDS values
increased from 2012 to 2016 which may be attrib-
uted to the continuous reoccurring of precipitation
and evaporation, that can accumulate high con-
centrations of water soluble minerals and ions
overtime at the pond bottom. Also, runoA coming
from agricultural Belds may carry organic sources
such as grass and animal decays which contribute
soluble minerals. However, the maximum TDS
values considerably decreased every year due to

the dilution of dissolved solids in water with the
fresh water recharged into the aquifer.

3.6 Improvement in irrigation water quality

The water quality for irrigation purpose has been a
concern during recent decades due to groundwater
deterioration. The very high EC and elevated
levels of Na+ and Cl– ions in groundwater along
the coastal aquifers make them unsuitable for
irrigation. The irrigation water quality of the water
samples was assessed by calculating the concen-
tration of sodium, which is expressed by sodium
percentage (Todd and Mays 2005). High level of
sodium in groundwater aAects the soil permeability

Table 1. The mean concentrations of major ions (in mg/l) in water in the study area.

Sample id Period Ca++ Mg++ Na+ K+ HCO3
� Cl� SO4

2�

Pond 2012–2013 71 72 97 14 20 372 99

2013–2014 49 58 69 11 16 290 81

2014–2015 52 53 69 11 15 266 56

2015–2016 51 47 62 12 14 244 52

P1 2012–2013 69 79 102 49 35 425 96

2013–2014 61 71 79 39 32 372 66

2014–2015 71 82 73 57 45 340 108

2015–2016 68 79 70 55 44 335 105

P2 2012–2013 306 710 9249 233 337 13035 1223

2013–2014 202 469 5951 134 225 8625 809

2014–2015 168 419 4989 111 190 7169 665

2015–2016 171 414 4764 126 196 6971 677

P3 2012–2013 316 1298 15870 348 589 23545 2034

2013–2014 209 546 6442 133 236 9209 935

2014–2015 19 49 598 13 23 874 80

2015–2016 25 62 669 15 23 991 92

Table 2. The minimum and maximum of TDS (mg/l) during
each period.

Period Pond P1 P2 P3

2012–2013

Minimum 353 345 21239 37320

Maximum 1096 1849 26375 47130

2013–2014

Minimum 378 520 11983 1135

Maximum 778 1187 22110 41178

2014–2015

Minimum 412 647 12109 1402

Maximum 634 872 14584 1931

2015–2016

Minimum 352 673 10886 1344

Maximum 528 800 13380 1999
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by clogging. The sodium percentage in water can
be obtained by the relation

Na% ¼ NaþKð Þ100
CaþMgþNaþKð Þ ; ð2Þ

where all hydrogeochemical parameters are given
in meq/l.
Based on the percentage of sodium, water is

classiBed into excellent, good, permissible, doubtful
and unsuitable categories with respective sodium
percentage values below 20, 20–40, 40–60, 60–80
and more than 80 (Wilcox 1955). Wilcox (1955)
diagram of water samples collected during the
water year 2012–2013 shows that water in pond

and P1 are classiBed in the excellent to good cate-
gory, P2 in the doubtful to unsuitable category and
P3 in the unusable category as illustrated in
Bgure 7. However, after the construction of the
recharge shaft, the irrigation water quality was
improved as shown in Bgure 7. Most of the pond
water samples from 2012 to 2013 fall in the per-
missible to doubtful category, even though the
source water for recharge is rainfall. The ground-
water quality in P2 shows a gradual shift towards
doubtful to unsuitable category from the unsuit-
able category after the construction of recharge
shaft. Similarly, the irrigation water quality in P3

shifted to excellent to good category from the
unsuitable category. The beneBts from the

Figure 7. Suitability of water for irrigational purpose in the pond, P1, P2 and P3.
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recharge structure were more in P3 as compared to
that in P2 because of the direct recharge from the
shaft at greater depths through the sandy layer,
which enables more recharge and higher rate of
dilution.

4. Conclusion

Providing drinking water supply for rural commu-
nity has become a major concern in areas, where the
groundwater is extremely saline. The present study
investigated the eAect of recharge from a small per-
colation pond with a recharge shaft at its centre, in
saline groundwater. The study site is in the north-
eastern part of the Arani Korattalaiyar river basin,
where the groundwater is saline and the local com-
munity have not been supplied with adequate safe
drinking water. The electrical conductivity of
groundwater in the area is about 70000 ls/cm. The
recharge from the percolation pond could not
improve the groundwater quality significantly in the
deeper high salinity zones as the quantity of recharge
was not enough to dilute the brackish groundwater.
However, the combined recharge structure could
recharge on an annual average of 376 m3 of water
from 2012 to 2016 which is 2.5–3 times more of the
recharge by the percolation pond without recharge
shaft. This could improve the groundwater quality
of the nearby area significantly. Maximum dilution
of ionic species could be observed in P3, which is
more beneBtted by the recharge shaft through the
permeable sandy layer. Even though, the combined
structure could not enhance the drinking water
quality to permissible limits, the irrigation water
quality was improved from unsuitable category to
excellent to good category in P3 and doubtful to
unsuitable category in P2. The EC and concentra-
tion of ions sustains to a reduced level throughout
the year after the construction of recharge shaft. The
periodic maintenance and cleaning of the structure
can improve the performance. The impact of com-
bined structure could have beenmore in areas where
the depth to water table is more than 3 m and the
background salinity of groundwater is not very high.
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